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Letter To The Editor

Comments on ‘‘Evaluating Crown Fire Rate
of Spread Predictions from Physics-Based
Models"’

M. G. Cruz*, CSIRO, GPO Box 1700, Canberra, ACT 2601, Australia

M. E. Alexander, Wild Rose Fire Behaviour, 180 - 50434 Range Road 232,
Leduc County, AB T4X 0L1, Canada

Dear Editor,

In a paper published in the January 2016 issue of Fire Technology, Hoffman
et al. [1] provide an assessment of crown fire rate of spread predictions of two
physics-based models, FIRETEC [2] and the Wildland-urban interface Fire
Dynamics Simulator (WFDS) [3, 4], through an indirect comparison with a large
data set of wildfire observations (n = 57) published by us [5], which they refer to
as AC06. The ACO06 data set was compiled from various published sources for the
purpose of evaluating the performance of an empirical model we developed for
predicting active crown fire rate of spread [6].

We commend the authors for their effort to evaluate the outputs from such
complex model systems against real-world data. However, we disagree with cer-
tain statements made by Hoffman et al. [1] regarding: (1) their view of the pre-
sumed limitations of our data set derived from case study information of
Canadian and U.S. wildfires and (2) a number of conclusions they have reached in
their evaluation of FIRETEC and WFDS for the prediction of crown fire rate of
spread.

1. Misinterpretations of the Wildfire Case Study Data Set

We found that Hoffman et al. [1], misinterpreted the assumptions we used in
developing the [5] wildfire data set regarding the main drivers of crown fire propa-
gation (i.e. wind speed, fine dead fuel moisture content, canopy fuel characteris-
tics). In this respect, it is important to clarify for the journal’s readership the value
of these assumptions and thus of the data set as a whole:

1. Contrary to the claim of Hoffman et al. [1, p. 226], no mention is made in
ACO06 that the fires in our data set “‘were categorised as either active or passive
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crown fires”. To our knowledge (and for the purpose of the data set), all of the
wildfires contained in [5] involved active crown fire type behaviour [7].

2. Hoffman et al. [1, p. 226] states that “‘several calculations were performed to
modify the data set to meet their purpose”, leading to the possible interpreta-
tion that altered values were used in the compilation of the AC06 data set, and
a misinterpretation of the value of the data. Indeed, no data was modified and
the only reason ‘“‘calculations were performed” was to standardise the data to
meet the model requirements of [6]. For example, the wind speeds for all the
U.S. wildfires in the AC06 data set were reported at a 6.1-m height in the open
[8] and had to be adjusted to the international standard 10-m open height [9,
10] used as a model input in [6]. The suggestion that this conversion would add
significant uncertainty to model simulations does not consider that much
higher uncertainty arises from extrapolating point wind speed data over a
broad spatial and temporal environment.

3. Hoffman et al. [1, p. 230] claimed that the canopy bulk density (CBD) values
we reported on in [5] “were not based on actual on-site data and thus may not
provide an accurate estimate of the actual canopy bulk densities”. In reality, as
noted in [5], in compiling the AC06 data set we used actual sampled data when
it was available for a given wildfire case study and otherwise relied upon infor-
mation gleaned from CBD studies (e.g. [11]), that were based on tree measure-
ments and biomass equations, for the same general geographical region, where
possible, in which the wildfire occurred. This provided us with the best estimate
of CBD over the broad spatial scale that characterised each wildfire run.

4. Hoffman et al. [1, p. 228] indicated that the estimated fine fuel moisture
(EFFM) values given in the AC06 data set ““were estimated without knowledge
of the actual conditions”. Contrary to their assertion, the EFFM values were
determined from air temperature, relative humidity, time of year, and time of
day documented for each wildfire as per the manual tabular procedure of [12]
or as incorporated in the BehavePlus fire modelling software [13]. The EFFM
tables (no equations exist) of [12] have proven to provide reliable results under
wildfire conditions (e.g. [14]). Hoffman et al. [1, p. 227] also claimed we
assumed ‘‘that all fuels were shaded from solar radiation’. This is not correct,
as the EFFM values were in fact calculated using the > 51% interval option
of [12] for the degree of shading (based on cloud cover and canopy coverage).
This option is based on the assumption that if there is enough canopy cover to
sustain active crown fire propagation, the degree of shading should be higher
than 51%. This assumption follows the approach taken by Rothermel [15] in
the development of his semi-empirical crown fire rate of spread model.

5. Following the reasoning by Hoffman et al. [1] that the evaluation of fire spread
models need measured fuel moisture content (and any other input variables for
that matter) would mean that no model could be evaluated against wildfire
data, as it would be logistically near impossible, and notably unsafe [16], to
conduct spatially and temporally relevant dead and live fuel moisture sampling
in a timely manner in the direct vicinity of a high-intensity free-burning wild-
fire.
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The evaluation of fire spread models against wildfire data is part of the process of
model development and necessary to their acceptance, by researchers and end-
users alike [17]. This evaluation process will always require the use of assumptions
to overcome unknowns in the data. A pragmatic approach is necessary to evaluate
comprehensive models of complex phenomena such as wildfires. Despite the per-
ceived criticisms by Hoffman et al. [1] to the value of the AC06 data set, the
assumptions we used have been shown to be sound. They are what allowed its use
to independently evaluate operationally-used crown fire rate of spread models [6,
15].

2. Data Analysis and Interpretation

Hoffman et al. [1] chose to undertake an indirect comparison between the data in
ACO06 and unrelated data from a number of simulation studies. The authors state
that they chose not to make a direct evaluation of FIRETEC and WFDS against
the wildfires contained in AC06 because of limited information in its data set.
Instead they [1] chose to compare the performance of the physical models against
a facile ‘empirical’ model which explained only 56% of the variation in the data.
We believe the contribution of the Hoffman et al. [1] analysis to our understand-
ing of the performance of FIRETEC and WFDS would have been enhanced had
the authors conducted a direct model evaluation from which error statistics and
trends could be calculated from the contrast between observed and predicted rates
of fire spread as undertaken by [5, 6], for example. Such an approach would
require a number of assumptions to be made, and although the end result would
not be a full validation, it would have provided trends that could be used to iden-
tify areas of future model improvement. Both FIRETEC and WFDS have been
assessed against data sets with the same level of detail as [6] by [3, 18-20].

It is our opinion that although the indirect analytic approach taken by Hoffman
et al. [1] allows one to visualise some of the trends in the two physics-based mod-
els and their relation with the AC06 data set, the conclusions drawn from their
results are unfounded. The positive comments of [1, p. 230] on model performance
are based on the observation that “Overall, 86% of all simulated ROS values
using FIRETEC and WFDS fell within the 95% prediction interval of the empiri-
cal data”. This result is not surprising as the wide variability in the fire spread
rate observations, as dictated by the range of fuel moisture and fuel complex
structures, result in a wide prediction interval. As such, the high percentage of
simulated values within the prediction interval do not reflect the predictive ability
of these models against observed crown fire behaviour, but hence is a consequence
of the notoriously wide intervals.

The main reasons we do not believe that a positive assessment can be justified
are as follows:

1. As pointed out by Hoffman et al. [1, p. 228], the FIRETEC and WFDS simu-
lations resulted in an over-estimation of crown fire spread rates. A closer
inspection of the graphical results presented in Fig. 1 of their paper show the
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models exhibit very high over-prediction bias for low wind speeds (e.g.
< 15 km h™"), a noticeable, but lower over-prediction for wind speeds between
20 km h™' and 30 km h™', and a better fit to the data for wind speeds above
40 km h™".

2. Hoffman et al. [1, p. 228] used the percentage of data within the confidence
interval as a measure of model adequacy [21]. Although this metric might make
sense for ecological studies as a simple assessment for mathematical models, its
application to wildland fire spread models is questionable due to the conse-
quences of model prediction errors. As an example, this evaluation metric
implies that a 200% prediction error (e.g. observed rate of spread of
20 m min~' and predicted rate of spread of 60 m min~') is a good outcome.
Such an error might seem reasonable for an ecological modelling study, as put
forward by [21], but certainly not when applied to wildfire prediction, where
human lives and the success of fire-fighting operations might depend on the
accurate prediction of fire spread across the landscape [17].

3. The polynomial model developed by [l, p. 228] with an intercept value of
24.5 m min~! resulted in abnormal results appearing acceptable. From a practi-
cal point of view, a fire on level ground will not be capable of crowning in a
vertically stratified coniferous forest fuel type with a rate of spread of
245 m min~' in absolute nil wind conditions. There are a number of other
simulations in Fig. 1 of [1] that one could say are unlikely, if not impossible to
occur in a wildfire setting, namely crown fire rates of spread of 40 m min~'
under a light breeze (wind speed < 10 km h™') on flat ground. For these condi-
tions, the WFDS simulations reported in Fig. 1 of [1] imply that a crown fire
can spread at 1/3 the speed of the wind. These results, despite being erroneous,
are considered by Hoffman et al. [1] as appropriate as they are within the 95%
prediction band.

4. Hoffman et al. [1] suggested that the over-prediction bias observed when com-
paring the simulated data set with the model fit based on the AC06 data set
given in Fig. 1 of their paper might be related to the CBD used in their model
simulations being higher than the values given in the AC06 data set. This rea-
soning misses the fact that the FIRETEC rate of spread simulations have an
inverse relationship with CBD, as described in the sensitivity analysis con-
ducted by [19]. The results given in [22] also show an increase in rate of fire
spread with a decrease in CBD, although it is unclear if this increase is due to
the effect of CBD alone, or the result of complex and confounding effects
within the fire environment. These results suggest that the higher CBD values
used in the FIRETEC simulations are in effect reducing the over-estimation
trend, not contributing to it as suggested by Hoffman et al. [1].

3. Closing Remarks

Hoffman et al. [1, p. 225] point out the “limited amount of model assessment” of
FIRETEC and WFDS is due to a “lack of field-scale experimentation or observa-
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tion in which data collection is adequately complete” for these models. As pointed
out by the two model evaluation references [21, 23] used by [1], model assessment
is much more than just direct comparison between model outputs and observed
data. Parametric studies, such as done by [19], comparison with other models [3,
24], and extreme-condition tests [20], are examples of model evaluation methods
that will provide detailed information on model behaviour and adequacy without
needing detailed field data.

A decade ago we extended an open offer [25] to work with others in the wild-
land fire research community on the application of our models for predicting the
onset of crowning and crown fire rate of spread, and by extension, the use of the
corresponding data sets in model development and performance evaluation. That
same offer still stands.
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