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• Motivation

• Goals

• Analyzing wildfire evacuation decisions and departure timing with GPS data

• Forecasting real-time travel demand during wildfire evacuations

• Situational-Aware Multi-Graph Convolutional Recurrent Network (SA-MGCRN)

• Key take-aways
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Insider (2019) Kent Porter / The Press Democrat (2019)

Research Needs:
• Understand household behavior and movements in wildfires; 
• Provide real-time decision support for emergency managers.
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Goal 1:
Improve understanding of people’s evacuation decision-making using 
large-scale GPS data.

Goal 2:
Advance methodology of forecasting real-time travel demand during 
wildfire evacuations.



Department of Civil and Coastal Engineering

Analyzing wildfire evacuation decisions and 
departure timing with GPS data

Zhao, X., Xu, Y., Lovreglio, R., Kuligowski, E., Nilsson, D., Cova, T., Wu, A., & Yan, X. (2022). Estimating wildfire evacuation decision 
and departure timing using large-scale GPS data. Transportation Research Part D: Transport and Environment, 107, 103277.
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2019 Kincade fire, Sonoma 
County, CA:

• Started at 9:27 pm on 
October 23, 2019 and was 
fully contained at 7:00 pm on 
November 6, 2019.

• Burned 77,758 acres, 
destroyed 374 structures, 
damaged 60 structures, and 
caused 4 injuries.  Figure. Sonoma County and the Kincade Fire perimeter
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• The GPS data was provided by Gravy Analytics and built on privacy-friendly 
mobile location data. 

• After the data cleaning process, we retained 44,211,050 records, or a total of 
5,338 residents for analysis.
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Apply time-space heuristics method accompanied by clustering.
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Note that we only analyze the evacuation behavior of people who resided in or 
near the evacuation zones (within 5 miles of the evacuation zones’ boundaries).

• Assumption 1: All evacuees departed from home.

• Assumption 2: If the distance between the resident’s current location and the 
resident’s proxy home location was larger than D, the resident has left home.

• Assumption 3: A resident is considered as an evacuee, if they left the 
evacuation zone during the evacuation process.

• Assumption 4: The evacuation departure time is when the evacuee left home 
to evacuate.
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Definitions of evacuee groups:
• Self-evacuee: The evacuee, located in or near the evacuation zone, left after 

the fire started but before any evacuation warning/order was issued.
• Shadow evacuee: The evacuee, located outside but near the evacuation 

zone, left after an evacuation warning/order was issued.
• Evacuee under warning: The evacuee was in the evacuation warning zone 

and evacuated after the warning was issued and before an order was issued 
(if any).

• Ordered evacuee: The evacuee lived in the evacuation order zone and 
evacuated after the order was issued.
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GPS data: 46% evacuated v.s. Survey data: 80% evacuated
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• A set of novel methodologies are developed to systematically analyze wildfire 
evacuation process and identify different groups of evacuees.

• Self-evacuees and shadow evacuees consisted of more than half of 
evacuees during the Kincade Fire.

• The total evacuation compliance rate is around 50%, which shows some 
discrepancy from the results obtained from the separate survey study for the 
same fire conducted by our team (Kuligowski et al., 2022). 

Kuligowski, E. D., Zhao, X., Lovreglio, R., Xu, N., Yang, K., Westbury, A., ... & Brown, N. (2022). Modeling evacuation decisions in the 
2019 Kincade fire in California. Safety Science, 146, 105541.
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Forecasting real-time travel demand during wildfire 
evacuations

Xu, Y., Xiong, R., Lovreglio, R., Nilsson, D., & Zhao, X. (In Preparation). Forecasting real-time travel demand during wildfire 
evacuations: A Situational-Aware Multi-Graph Convolutional Recurrent Network (SA-MGCRN) approach. In Proceedings of 
Transportation Research Board 102nd Annual Meeting, Washington, D.C.
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evacuation trips +
other types of trips 
(e.g., background trips, 
intermediate trips)
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Cluster radius:  500 meters
Time threshold: 5 minutes

1. Wang, F., & Chen, C. (2018). On data processing required to derive mobility patterns from passively-generated mobile phone data. Transportation Research Part C: Emerging 
Technologies, 87, 58-74.

2. Wang, F., Wang, J., Cao, J., Chen, C., & Ban, X. J. (2019). Extracting trips from multi-sourced data for mobility pattern analysis: An app-based data example. Transportation 
Research Part C: Emerging Technologies, 105, 183-202.

3. Chen, C., Bian, L., & Ma, J. (2014). From traces to trajectories: How well can we guess activity locations from mobile phone traces?. Transportation Research Part C: Emerging 
Technologies, 46, 326-337.

4. Calabrese, F., Diao, M., Di Lorenzo, G., Ferreira Jr, J., & Ratti, C. (2013). Understanding individual mobility patterns from urban sensing data: A mobile phone trace example. 
Transportation research part C: emerging technologies, 26, 301-313.
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Euclidean data Graph-structured data

• GCN performs convolutional operation using a filter.
• The filter is applied on each node of the graph, thus 

capturing spatial dependency between a node and 
its adjacent nodes.

Why GCN? GCN v.s. CNN
• CNN can only be performed in Euclidean space, 

while GCN can handle graph-structured data.
• The census tracts do not have a regular spatial 

structure but can be represented by a graph.

How does GCN work?

Census Tracts (Sonoma County, CA)
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• GRU uses two gates to determine what information 
should be kept and passed to the output.

• Reset gate: how much of the previous state 
information to remember.

• Update gate: how much of the previous information 
to pass to the new state.

Why GRU? GRU v.s. LSTM
• Widely-used RNN model to capture temporal dependency.
• GRU is faster to compute but still offers comparable 

performance in prediction compared with LSTM.
• Using the memorize long-term information, GRU can deal 

with the vanishing gradient problem.

How does GRU work?
𝑥! -- input at time t;
ℎ!"#, ℎ! -- hidden states;
𝑟! -- reset gate;
𝑢! -- update gate;
&ℎ! -- candidate hidden state.

Structure of a GRU unit
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Figure. Distribution of total trip generation in Sonoma County (census-tract level)

The mean of hourly travel 
demand for each census tract is 
6.14, the standard deviation is 
6.07, the maximum value is 56, 
and the minimum value is 0.
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Statistical models

Classical machine 
learning models

Deep learning models

Performance Metrics

where 𝑦$ is the observed value and 
(𝑦$ is the predicted value.
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The ablation study examines the performance of the model by removing certain 
components to see the contribution of the removed components.
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• A new deep learning model, SA-MGCRN, along with a model updating 
scheme, is developed to accurately forecast real-time travel demand in 
wildfire evacuations.

• SA-MGCRN can be directly deployed to facilitate real-time emergency 
management and revolutionize the state-of-the-practice.

• Fire proximity is the most important component of SA-MGCRN. In future 
work, other fire cues (e.g., smoke and embers) need to be incorporated.
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