
Future Methods
• Adding additional data points and study region for both the TTOP sensitivity analysis and random forest model. With particular focus on locations with colder 

permafrost. 
• Testing TTOP sensitivity and generating the random forest model for each individual study region
• Generating random forest model with only TTOP model parameters
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Introduction
The temperature at top of permafrost (TTOP) model is widely used determine equilibrium permafrost distribution due its simplicity and transferability to a variety of 
permafrost environments (Smith & Riseborough, 2002). However, the model tends to underestimate ground temperature at locations approaching 0 °C (Riseborough, 
2007). Random forest is a machine learning method which has been used to generate predictive models through decision trees. The objectives of this study are 
1. To evaluate TTOP model sensitivity to changes in parameters in different permafrost environments across a range of scales
2. Examine the importance of variables in the model using random forest analysis 
3. Compare random forest predicted permafrost temperatures to field observations to assess the feasibility of using a random forest approach to permafrost 

modelling at both national and local scales

Study Area and Methods
Study regions range North to South from Eureka, NU to Atlin, BC, encompassing a wide variety of permafrost conditions (Figure 1). At total of 181 sites are used to test 
the TTOP model sensitivity and 78 sites were used in the random forest model. Both the TTOP model sensitivity analysis and the random forest predictive model were 
run in R Studio.

The random forest algorithm was generated using 13 temperature parameters.

TTOP Model Sensitivity 

In colder permafrost environments the model shows the greatest sensitivity to changes in nf and FDDA  (Figure 2).  Under these environmental conditions even large 
changes in TDDA, nt, and rk result in minimal change to calculated permafrost temperatures.  With warmer ground temperatures the model shows greater sensitivity 
to TDDA, nt, and rk. FDDA showed limited impact on TTOP model results when using the quantile method due to limited variability in the data resulting in a smaller 
change when using quantiles.

Figure 2 TTOP model sensitivity using A) quartiles B) percent change

Random Forest

The random forest permafrost model resulted in an average root mean square error (RMSE) of 1.2 °C across all 50 iterations compared to an RMSE of 1.0 °C for 

the TTOP model. Out of the 50 iterations the random forest generated ground temperature had a lower RMSE than the TTOP model 24 times. The largest RMSE 

for the random forest model was 3.4 °C (0.6 °C for TTOP model) while the lowest was 0.2 °C (1.5 °C for TTOP model) (Figure 3). Overall, the most important 

variables in the random forest model were MAGST, FDDS, and MAAT, while the least important were TDDA, SO, rk and nt. 

The random forest permafrost temperature model generally preformed well for ground temperatures between -5 °C to 5 °C (errors > 2 °C) in most of the iterations. 
Some of the largest errors occurred at the coldest Mean Annual Ground Temperature (MAGT) likely because a limited number of these site used in the train dataset. 

Conclusions
• The TTOP model was most sensitive to changes in nt, TDDA, and rk in locations with relatively warm MAGT but overall, the sensitivity was greatest for changes in 

nf and FDDA
• The most important variables in the random forest algorithm were MAGST, FDDS and MAAT
• Average RMSE for all of the random forest predictive models was comparable to that of the TTOP model. The largest errors were associated with the coldest 

MAGT as there were a limited number of these sites used in the training dataset 
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To determine TTOP model sensitivity data was divided into testing and training (5% and 95%, respectively). 
Quartiles and percent change for each parameter calculated for each individual site and year. TTOP model 
was then run changing one parameter at a time. 

Figure 1. Site map with study regions used in the TTOP model sensitivity 
and random forest analysis with permafrost classification.

Workflow for TTOP Sensitivity Analysis

𝑇𝑇𝑂𝑃 =
𝑛𝑡 ∗ 𝑇𝐷𝐷𝑎 ∗ 𝑟𝐾 − (𝑛𝑓 ∗ 𝐹𝐷𝐷𝑎)

𝑃

TTOP Model

Workflow for Random Forest Predictive Model 

Data was divided into testing and training (25% and 75%, respectively) and 
random forest model was run 50 times

Figure 3 Random forest variable importance 
rankings and comparison of predicted Mean 
Annual Ground Temperature (MAGT) compared 
to measured for A) iteration with the lowest 
RMSE B) iteration with the highest RMSE
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