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In this project, I carried out a data analysis on Alberta 

wildfires using a novel and powerful statistical method called 

G-dWOLS. My goal aims at measuring different forest fire 

suppression methods’ effectiveness, or interventions, precisely 

and causally, so as to develop a strategy of fire suppression 

that is tailored to an individual fire characteristics. Moreover, 

G-dWOLS analysis reveals something detailed about how 

each fire suppression method impacts on an individual fire 

which inspires us to come up with possible explanations on 

previous (counter-intuitive) results suggested by others’ 

works.

What I have done?

Confounders and Causal Inference

There are many approaches to draw the causal effect of 

treatment. Generalized dynamic weighted ordinary least 

squares framework, or G-dWOLS, is one of these 

candidates in eliminating the bias brought by confounding 

and extracting the causal effect from an observational 

dataset. It is a regression based method which is built upon on 

the theory of dynamic treatment regimes (DTRs) and it is 

realized by applying weight which satisfy specified conditions 

to each estimating equation. The key is, compared to 

unweighted regression, G-dWOLS enjoys the property of 

double-robustness. In short, for example, there are treatment 

A and B and the probability of treatment T assigned to a 

patient depends on his body temperature W. The patient’s 

body temperature after taking the treatment depends on which 

treatment assigned and his current body temperature. Double-

robustness makes sure that if at least one of these two 

relationships, one between W and T, and one between Y and T, 

is modeled properly, we will obtain the unbiased result of 

estimated causal effect of treatment. It is particularly useful 

since we never know what the true model is and the stability 

and accuracy of our estimation is significantly augmented. 

That is why G-dWOLS is powerful in quantifying the effect of 

treatment.

What is G-dWOLS method and why we need this?

Forest fire can bring enormous damages in various 

aspects. Its occurrence and spread are affected by 

weather, humidity, ground type and so on. The 

ultimate goal for forest management agency is to 

deploy resources appropriately and adopt the optimal 

fire suppression strategy to minimize the loss brought 

by fires. In this work, the analysis is performed on 

Alberta’s wildfires from years between 2003 and 

2014. It is from a publicly available data source issued 

by Alberta’s Agriculture and Forestry ministry. In this 

context, the treatment, or intervention, is the fire 

suppression method. There are four kinds of action to 

suppress the fires. From top to down, they are believed 

to be decreasing in their potency:

1) Air Tanker, 

2) HAC1R (Heli-attack crew with helicopter and 

rappel capability), 

3) HAC1H (Heli-attack crew with helicopter but no 

rappel capability), 

4) HAC1F (Fire-attack crew with or without a 

helicopter and no rappel capability), 

5) Other ground-based action 

Data and Background

Conclusion
G-dWOLS provides a similar result as exhibited by the previous work. The air tanker, which is thought to be the most aggressive method, is the least 
effective one according analyses. Instead, helicopter and ground-based action are shown to be the more powerful intervention. Neverthesless, we don’t 
stop at overall effects, but dig further to look for tailored suppression strategies. Thanks to the resistance to incorrect model specification brought by 
double-robustness property and the regression based DTR framework, we obtain more insights. In previous work in this dataset, only a single value, 
the population level averaged effect of each fire suppression method, is given using the confounding adjustment method like OW, IPW, TMLE and so 
on. G-dWOLS analysis provides us the quantified effect of each interaction terms, which ARE given in Figure 1 and indeed tell us more about this 
story. These terms show that the power of a specific fire suppression method is largely affected by the fire’s characteristics at the individual level, such 
as fuel type, ecological region, logarithm of fire size at initial attack and so on. Disadvantageous conditions for air tanker, as the baseline, could be 
represented by the variable the number of additional fires burning and the response time so that the coefficient for interaction between treatment and 
these two are negative. 

Additionally, Alberta’s wildfire review also agrees, to some extent, with our new findings. Resources for helicopter based method and ground-based 
action is much more sufficient than ones for air tanker and it may explains why it comes to big fires, air tanker pales in comparison to other methods 
less desirable as a ”blanket” (un-tailored) strategy. To sum up, although it is challenging to evaluate the effect of fire suppression methods using 
observational data, G-dWOLS, as a regression based method, help demystify what really happens as well as enlighten us to search for clues from other 
perspectives.

Analysis and Result
To begin with, the original dataset is filtered and preprocessed. The final sample size is 5439. Variables that seems not to be so relevant or are obviously 

correlated with others are excluded. Some factor variables have categories merged to avoid small cell counts. Additionally, for stability’s sake, log 

transformation is done on the variables that are heavily right skewed. The expert’s choice among these fire suppression methods depends on many 

environmental factors assessed and known at that time, and not all fire suppression methods would be practical in some fires. Thus, we create Table 1 and 

observe the characteristics of fires classified by their fire suppression methods applied. Weights on estimating equations are calculated following the details 

in the methodology of G-dWOLS. Weighted regression is exercised on the outcome model and the regression result is shown in Figure 1. A new Table 2 is 

created to summarize the characteristics of fires categorized by their best treatment estimated, to give a sense of which fire characteristics are associated 

with each particular recommended suppression method.

As we all know, correlation doesn’t mean causation. In hot 

summer, ice cream sales and the number of drowning cases 

increase and they are statistically correlated. However, 

increment in ice cream sales doesn’t cause increased drowning 

cases. Causation is embedded in correlation usually. To extract 

the causation from correlation, we need additional tools. 

Causal inference is such the process of drawing a 

conclusion about a causal connection based on the 

conditions of the occurrence of an effect. When measuring 

the effect of a treatment, or intervention, we need a statistical 

framework and take all confounders, weather temperature in 

this example, into consideration to avoid heavily biased or 

even reversed estimated result. It works like a machine which 

takes the subject’s information W and the treatment T, and 

predicts the subject’s outcome Y. Since there are many choices 

of treatments, we call the differences in the predicted 

outcomes the causal effect of treatment.
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← Table 1: 

Summary of 

fire’s 

characteristics 

conditional on 

the observed 

treatment.

Table 2:   → 

Characteristics 

under each 

predicted best 

treatment 

following the 

model with 

logarithm of 

fire size at the 

stage being-

held divided by 

its size at the 

initial attack as 

response.Figure 1: The coefficients of model with interaction terms. The outcome is the logarithm 

of fire size at the stage being held divided by its size at the initial attack.
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