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Description

Figure 1: Cyber and physical components of the proposed research framework. When a shock hits a community (1), cell phone
metadata is collected (2) and data mining and machine learning techniques are applied to model the community’s response to the
shock (3). The models are shared with decision makers (4) to develop effective, on-the-ground policy measures.

research contributions that attempt to predict behaviors during shocks, mostly due to the lack of longitudinal
data; and the few existing models, provide very inaccurate predictions with limited validation and contextual
information, making it very difficult for decision makers to use them [29, 82]. In this proposal, the PI will: (1)
develop methods to predict the mobility and resilience patterns of a community hit by a given type of shock,
using cell phone metadata across multiple occurrences of the same event so as to guarantee accuracy
and representativity; and (2) provide predictions that are informative and that contain contextual information
about the physical, social and shock environment.

Knowledge Transferability. The methods described in the two previous research objectives require
access to extensive collections of cell phone metadata before and during shocks. However, decision makers
might not always get access to all the required metadata. For example, it could be the case that an drought
happens in a region, and decision makers are able to access data only right after the shock takes place, or
only manage to gain access to georeferenced social media e.g., Twitter instead of cell phone metadata. In
this proposal, the PI will explore how transferable the types of behaviors identified or the predictive models
are, across types of shocks, space, time and data sources. Specifically, the PI is interested in understanding
whether the types of reactions or the predictive models computed for one shock in one region could be used
for the development of preparedness and response policies in other shocks or at other regions; and in
quantifying the information loss that would take place when knowledge is transferred. The work in this area
is very limited with only a few papers focused on simulation of mobility patterns, not resilience [16, 31, 82].

3 Research Plan
3.1 Characterization of human response to shocks
The main objective of this research thrust is to extract behavioral patterns that will assist decision makers in
understanding how people respond to shocks and how resilient affected communities are. For that purpose,
the PI will develop novel data mining and machine learning methods to characterize human mobility and
community resilience during shocks using cell phone metadata from the affected population and contextual
information characterizing the physical and social environment. These methods will allow decision makers
to answer questions such as: during a shock, do people go to where official resources are placed? do
people go to where their families are? or, how long does it take for e.g., low-income communities, to recover
normality after a shock? Retrieving such information is critical for decision makers so as to understand how
to develop effective preparedness policies to respond to future occurrences of a given shock. Finally, the
PI will design interactive data-based maps for decision makers to be able to visually explore behaviors and
contexts during shocks. The maps will be designed and evaluated in collaboration with the United Nations
(UN). The PI has extensive experience working with decision makers at both the UN and the World Bank.
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• Understand Human Behaviors during Shocks: Mobility Patterns and Resilience  
and Provide Usable Information for Decision Makers

• Societal-scale CPS with cell-phone based cyber sensing of location information 
(cell phone metadata)

• Research Thrusts: (i) Explain Behaviors in Context, (ii) Predict Behaviors (what-if 
tools), (iii) Evaluate model transferability across shocks, space, time and datasets



Findings
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R2=0.93 – 10% of the population left

GravExp and RadExt predict about 60%

• Droughts in La Guajira, Colombia

• Education and Broader Impacts: Student 
collaborations with decision makers for 
information usability; hackathon on the 
use of individual location data for 
natural disasters


