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Abstract—This paper models, for the first time, the home-
lessness system as a network of interconnected services which
individuals traverse over time towards securing stable housing,
and formalizes the concept of stability upon exit of the system. A
computational analysis of individual–level longitudinal homeless-
ness data shows that the ultimate goal is either reached quickly
or not at all, regardless of starting conditions, indicating the
importance of addressing the homeless’ needs early on.
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I. INTRODUCTION

Homelessness represents a long–standing, societal–scale

problem with considerable individual and social costs [4].

While several studies have focused on the causes and con-

tributors to homelessness [2], [9], only few have examined

factors (e.g., length of stay) associated with outcomes (e.g.,

time–to–exit [8], likelihood of readmission [16], and housing

stability [13]) once a homeless person has been admitted to

the homelessness system. Unlike prior work, we assert that ad-

ministrative data collected by homeless service providers can

be represented as a rich network of interconnected homeless

services which individuals traverse with the goal of securing

stable housing. This unique view allows us to computationally

analyze the efficiency and effectiveness of the homelessness

system using network science principles. Our key contributions

can be summarized as follows:

• We model the homeless system as a network of intercon-

nected services which individuals traverse over time.

• We operationalize the concept of stability upon exit of

the system with three alternative coding schemes.
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• We computationally analyze a comprehensive set of

individual–level longitudinal homelessness data from the

Capital Region of the state of New York.

• We identify patterns that can explain the observed path-

ways of individuals through the homelessness system.

• For reproducibility, we make our source code available

at https://github.com/IDIASLab/Homelessness.

II. RELATED WORK

Prior work on factors that can cause or contribute to

homelessness (e.g., [2], [6], [9], [11]), has mainly focused

on structural determinants, with only few studies examining

individual factors (e.g., [3], [6], [10]), mainly due to lack of

individual–level data. On the other hand, predictors of out-

comes (e.g., time–to–exit [5], [8] or likelihood of readmission

[5], [16]) for a homeless person, once she has been admitted

to the homelessness system, have been of interest. Similarly,

variables (e.g., number of times being homeless in the past

three years) indicative of one’s potential for housing stability

[7], [13], [15] at the time she is about to exit the homelessness

system have also been explored. Our study builds upon this

broad theme of work by operationalizing the concept of stable

exit, providing the context (i.e., underlying network structure)

in which factors are to be examined, and computationally

analyzing the observed pathways of individuals through the

homelessness system over time.

III. DATA

The data we used for this study comprises an anonymized

set of 50, 469 records of all services provided by homelessness

service providers in the Capital Region of the state of New

York from 2012 to 2018 to a total of 38, 954 individuals.

The data was provided by CARES of NY Inc., a non–profit

organization that locally manages the Homeless Management

Information System1 (HMIS), and captures (i) a timeline

of services, including the beginning and end dates of each

service, transitions between service types, exits and reentries

(i.e., receipt of services after exiting the system), (ii) housing

outcomes for those who exit the homeless services system,

and, for those who were served again later by continuum

1HMIS is an information technology system founded by the U.S. Depart-
ment of Housing and Urban Development (HUD).
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projects, lengths of time between exit and return to home-

lessness, (iii) demographic characteristics, such as age, race,

gender, and veteran status, as well as household relations (e.g.,

household head or child), education history (e.g., last grade

completed), and disabling condition (if any), and (iv) time–

variant properties, such as monthly income and receipt of

public assistance, and health information (e.g., mental state)

[14]. Individuals are linked across services over time by a

unique and anonymous identifier.

We focus on those individuals requesting services after

exiting the system, i.e., reentering multiple times (15.4% of

the total). We perform a longitudinal analysis to offer insights

into the long–term progress (or lack thereof) of individuals

towards stable housing. After addressing issues with erroneous

and missing data, we were left with 18, 818 records of 6, 011

individuals that received services from 125 project ids2 cate-

gorized in 9 project types [14].

IV. MODELING THE HOMELESSNESS SYSTEM AS A

NETWORK

To better understand how individuals progress through the

homelessness system over time, we assert that the embed-

dedness and interconnections of services must be taken into

account. Specifically, we set forth to construct two transition

graphs from the trails of completed homelessness episodes3,

namely, (i) a small network of project types, GP and (ii) a

larger network of project ids, GI . In both graphs, a directed

edge from node i to j (where a node is either project type or

id respectively) encodes at least one transition from i to j in

the dataset. In total, 170 projects, uniquely identified by their

id, are included in our dataset, and are grouped into 9 broader

categories (i.e., project types). The construction of both graphs

is nearly identical, as discussed below, with the only difference

being nodes representing either project types or project ids,

accordingly. Both graphs are directed and weighted, and may

contain self loops, indicating a transition to the same program.

The construction of either transition graph starts with or-

dering enrollment records in acceding chronological order by

entry date per individual, forming a trajectory, i.e., a sequence

of enrollment records, each associated with a project id, and

a project type, and corresponding entry and exit dates. We

additionally use two special nodes, namely, entry and exit,

to capture the state of individuals before entering and after

exiting the homelessness system accordingly. Starting with the

earliest entry date for a single individual, a new trajectory is

created. This trajectory comprises the entry node, followed by

the project type associated with the first enrollment. If this is

the only enrollment for the given individual, node exit is added

to the trajectory as the last transition, and the exit type (e.g.,

“Rental by client, no ongoing housing subsidy”) is recorded.

If more enrollments exist for the individual, the enrollment

with the earliest entry date of the remaining enrollments is

2A unique identifier is automatically generated by the HMIS at the time
the project is created in the HMIS.

3Each episode is uniquely defined for each individual based on its corre-
sponding entry and exit dates and service received.

examined next. Thus, the first project type would be connected

to the second one in the current trajectory. If an individual

enters a new project prior to exiting from another, we record

the transition by updating the exit date of the first enrollment.

This process continues for every enrollment associated with

an individual in order of entry date. The process is repeated

until all episodes for every individual have been examined.

In the second step, a transition graph is constructed using the

list of trajectories computed in the first step. Specifically, there

is one node for each of the nine project types, as well as one

node for entry and one node for exit. A directed edge between

nodes is created with a weight of one if there is at least one

trajectory containing that specific transition. When a transition

in a trajectory is encountered that has already been encoded as

an edge in the graph, the weight of that edge is increased by

one. After all trajectories have been examined and the graph

construction is complete, edge weights are normalized so that

all outgoing edges from a node sum to one (therefore serving

as empirical transition probabilities).

Intuitively, the network of transitions among project types

is more well connected than the fine–grain network of project

ids. Specifically, the network of project ids is disconnected

with 55 strongly connected components, the largest of which

encompasses just ∼ 10% of the nodes. The small diameter in

both cases suggests that paths between those nodes that are

connected are short. The existence of lengthy trajectories (c.f.

Section VI) already hints towards inefficient paths that do not

always progress forward towards stable housing.

TABLE I: High–level network statistics. Nodes “entry” and

“exit” are not considered in this analysis.

Metric GP GI

Number of nodes 9 125

Number of edges 61 428

Density 0.847 0.028

Average degree 6.778 3.424

Min/Max in–degree 6/8 1/11
Min/Max out–degree 6/8 1/12

Diameter 2 4

Average path length 1.264 1.524

Number of WCCs 1 22

Size of largest WCC 100% 11.93%

Number of SCC 1 55

Size of largest SCC 100% 9.6%

V. STABLE EXIT DEFINITION

A clear definition of stable exit is lacking in the literature.

With the help of Dr. Wonhyung Lee, a trained social scientist,

we explore three schemes based on individuals’ destination

after their exit, as shown in Table II. Table III provides a

detailed description of exit destinations, and their categoriza-

tion within each scheme. Specifically, Scheme 1 takes a binary

approach, according to which destination types are categorized

as either stable or unstable. Scheme 2 is based on HUD’s

destination types outlined in the HMIS [1] to characterize what

is considered either positive or negative outcomes for street

outreach, or permanent versus temporary destinations for all
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