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4. RESULTS 

4.1. Descriptive statistics and two-sample K-S test results 
When plotting C-Haines and its components against each other and against FMI, a few trends are immediately 
noticeable (Fig. 1). First, value distributions across most variables appear to be at least somewhat skewed, 
regardless of event type, with the distribution of the CA component (850-700 hPa lapse rate) values appearing 
to be particularly highly skewed. Second, although distributions are skewed across most variables, the degree 
to which they are skewed appears to vary based on event type across most, if not all variables. Table 2 shows 
skewness values—along with other descriptive statistics—for the distributions of values across each variable, 
based on fire type. For standard wildfires, CB and C-Haines distributions are consistently normal-to-slightly 
skewed across all times, while FMI and CA are more skewed. However, for pyroCb events, skewness is much 
greater for all variable value distributions, with most distributions having a skewness greater than +/- 1 across 
all three times. The skewness of the distribution of CA values for pyroCb events is especially notable, as it 
increases markedly from -1.35 at 0200 UTC to -2.02 at 0400 UTC. Interestingly, at 0400 UTC, the maximum 
CA value for pyroCb events is 6.4, yet for 51 of the 92 event dates/locations (55.4%), the value of the CA 
exceeds the value 6.0 (representative of a near-to-super-adiabatic environmental lapse rate). By comparison, 
just 13.6% of CA values for large 
standard wildfire dates/locations 
exceed 6.0. Table 2 also shows 
the results of the two-sample K-S 
tests, which show that based on 
fire type, differences in the 
distributions of values of C-
Haines, its components, and FMI, 
are statistically highly significant 
across all three times. 
As mentioned earlier, a concern 
raised by Mills and McCaw 
(2010) for the original mid-level 
Haines Index, as well as for  C-
Haines, was that the 850-700 hPa 
layer could be entirely engulfed 
by the boundary layer on very hot 
and dry days. Therefore, we 
looked more closely at surface 
conditions for the 51 pyroCb 
event dates/locations with a 
nearly dry-adiabatic 850-700 hPa 
temperature lapse at 0400 UTC. 
We found a wide range of surface 
temperatures (ranging from 25 °C 
to 44 °C, mean = 35.5 °C), dew 
points (ranging from to -3°C to 
14°C, mean = 6.9°C), and FMI 
values (ranging from 1.3 to 11.4, 
mean = 5.4) for these event 
dates/locations. 

4.2. Pearson correlations of relationships between C-Haines, its components, and FMI 
From Figure 1, it is also apparent that values of C-Haines and its components are all at least relatively well-
correlated with FMI values. To check the extent of these correlations, Pearson’s correlation coefficients for the 
relationships between each variable (grouped by fire type) were calculated at all three times (Table 3, 0200 and 
0600 UTC results are not shown as they are very similar to results from 0400 UTC). Of particular interest are 
the correlations involving FMI, as it is a surface-based index, while C-Haines and its components are derived 
from the lower troposphere. All three relationships involving FMI show at least moderate levels of correlation, 
regardless of event type. Even the relationships between FMI and CA (the stability component), which has no 
moisture component, are moderately linearly correlated. Interestingly, the correlations involving FMI are even 
stronger when only pyroCb events are considered. 
 

Figure 1. Scatterplots and probability distributions of (a) C-Haines 
over FMI, (b) CA over FMI, (c) CB over FMI, and (d) CB over CA 
for large standard wildfire and pyroCb event dates/locations at 0400 

UTC (14:00 AEST) 
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Table 2. Descriptive statistics and two-sample K-S test results for standard wildfire (≥ 1000 ha) 
and pyroCb events in southeast Australia, 1991–2020 

 Standard (n = 986)  PyroCb (n = 92)   
0200 UTC M Md SD Skew Kurt 

 

 M Md SD Skew Kurt 

 

 K-S D 
C-Haines 7.09 7.42 3.25 -0.46 -0.33  10.30 11.16 2.38 -1.22 0.85  4.168** 
   CA 3.60 3.92 1.77 -0.78 0.50  5.34 5.58 0.89 -1.35 1.75  4.538** 
   CB 3.49 3.70 1.91 -0.29 -0.85  4.96 5.57 1.56 -1.12 0.48  3.508** 
FMI 10.85 10.35 4.57 0.71 0.89  7.85 7.03 3.61 0.88 0.49  3.331** 
0400 UTC M Md SD Skew Kurt 

 

 M Md SD Skew Kurt 

 

 K-S D 
C-Haines 7.87 8.36 3.38 -0.56 -0.36  10.92 11.80 2.49 -1.52 1.79  3.988** 
   CA 4.09 4.47 1.80 -0.90 0.48  5.65 6.07 0.87 -2.02 4.26  4.227** 
   CB 3.78 4.05 1.93 -0.44 -0.70  5.26 5.88 1.69 -1.25 0.77  3.712** 
FMI 10.32 9.67 4.80 0.81 1.00  7.62 6.70 3.85 0.96 0.82  2.976** 
0600 UTC M Md SD Skew Kurt 

 

 M Md SD Skew Kurt 

 

 K-S D 
C-Haines 7.85 8.27 3.45 -0.51 -0.45  10.64 11.88 2.83 -1.28 1.12  3.602** 
   CA 4.08 4.46 1.82 -0.89 0.43  5.49 5.98 1.03 -1.97 4.47  4.032** 
   CB 3.77 4.03 1.99 -0.43 -0.77  5.15 5.95 1.88 -1.01 0.14  3.402** 
FMI 11.27 10.54 5.37 0.71 0.34  9.49 7.59 5.47 1.15 0.71  2.545** 
M = Mean; Md = Median; SD = Standard deviation; Skew = Skewness; Kurt = Kurtosis; K-S D = Kolmogorov-Smirnov  
D-statistic value; CA = stability component; CB = dryness component 
**Indicates significance at the 0.01 level (2-tailed) 
 

Table 3. Pearson correlations for relationships between C-Haines, its components, and FMI 
for standard wildfire (≥ 1000 ha) and pyroCb events in southeast Australia, 1991–2020 
 Standard (n = 986)  PyroCb (n = 92) 
0400 UTC C-H CA CB FMI  C-H CA CB FMI 
C-Haines — .894** .908** -.748**  — .950** .987** -.798** 
   CA .894** — .626** -.584**  .950** — .888** -.743** 
   CB .908** .626** — -.759**  .987** .888** — -.795** 
FMI -.748** -.584** -.759** —  -.798** -.743** -.795** — 
C-H = C-Haines; CA = stability component; CB = dryness component 
**Indicates the relationship is significant at the 0.01 level (2-tailed) 
 

5. DISCUSSION AND CONCLUSIONS 

A standard wildfire and pyroCb event dataset for southeast Australia was created, from which a smaller subset 
of large standard fires (greater than 1000 ha burnt) was derived. We used this data to calculate values of C-
Haines, its components, and FMI for the dates/locations of standard wildfire and pyroCb events. 

A relatively simple look into the data revealed several noteworthy findings. First, we have shown that C-Haines 
values and FMI values significantly differ between pyroCb and large standard wildfire events in Victoria, 
NSW, and the ACT, with higher values of C-Haines and lower values of FMI tending to occur for pyroCb 
event dates/locations compared to standard wildfire dates/locations. This shows that C-Haines and FMI possess 
skill in differentiating general pyroCb environments from those associated with standard wildfires. It also 
supports the results of studies by Mills and McCaw (2010) and Di Virgilio et al. (2019), which suggested such 
for C-Haines while using different approaches and sources of input data. The results for FMI are interesting, 
as it is an entirely surface-based index with just two input variables: surface temperature and relative humidity 
(meaning surface temperature is actually double-represented in its calculation). Nevertheless, the differences 
based on fire event type are obvious and significant. It is also worth noting that these observed statistical 
differences between values of C-Haines, its components, and FMI, based on event type, are present during all 
three times for which they were measured—0200, 0400, and 0600 UTC (12:00, 14:00, and 16:00 AEST), 
indicating that these are characteristics that tend to persist throughout much of the afternoon of wildfire event 
days.  

A second finding of interest is the relatively strong correlations of FMI with C-Haines and its components, 
especially with respect to CA (the stability component), as the two share no common input variables and the 
measurements are taken from different locations within the troposphere. That CA and FMI are more strongly 
correlated for pyroCb event dates/locations is also significant and warrants further study. The highly-skewed 
and very condensed distribution of CA values for pyroCb event dates/locations is also intriguing. A near-to-
super-adiabatic value of CA is 6.0, and yet 74% of CA values for pyroCb event dates/locations at 0400 UTC 
exceeded that value, which was not expected. Furthermore, we found that a nearly dry-adiabatic 850-700 hPa 
layer is not necessarily indicative of the layer being engulfed by a hot, dry boundary layer, as a closer look at 
pyroCb event dates/locations where the CA value exceeded 6 revealed a variety of surface conditions—ranging 
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from extremely hot to relatively cool and from very dry to relatively moist. While we understand that we may 
have missed the timing of a few of the actual pyroCb events (those occurring outside of the 0200-0600 UTC 
window), and may have instead sampled a changed lower troposphere, what is more relevant is understanding 
that CA values (and in turn C-Haines values) can be very high, even when surface fire weather conditions may 
be less favourable due to diurnal cooling and rising humidity and/or the intrusion of cooler and moister air near 
the surface from a shallow trough passage.  

A limitation of this analysis is the use of start dates of standard wildfire events due to the data consistency 
issues within the state wildfire databases. There is a possibility that individual wildfires would have 
experienced more severe fire weather conditions in subsequent days without pyroCb formation. However, 
without consistently recorded ending dates, this cannot be confirmed. We attempted to alleviate some of this 
concern through the selection of only relatively large standard wildfires, and we are confident in our findings 
given the stark difference in distributions of C-Haines and FMI between standard wildfire and pyroCb events.  
However, further work is needed to continue to develop methods to make effective use of historical wildfire 
data in Australia, as it is too valuable of a resource not to be utilised.  

Further research is also needed to determine if other near-surface and troposphere-based fire weather indices, 
such as the Hot-Dry-Windy Index (Srock et al., 2018) and Pyrocumulonimbus Firepower Threshold (Tory and 
Kepert, 2021) possess skill in differentiating pyroCb and standard wildfire environments  Finally, while this 
study provides useful information on how general environments differ between standard wildfire and pyroCb 
events, further study is needed to better-understand other meteorological factors and triggers associated with 
pyroCb development (fronts, troughs, etc.) and how they relate to the general environments explored here. 
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