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Data-driven refugee assignment

The continuing refugee crisis has made it necessary for governments to find ways to resettle individuals and
families in host communities. Bansak et al. used a machine learning approach to develop an algorithm for
geographically placing refugees to optimize their overall employment rate. The authors developed and tested
the algorithm on segments of registry data from the United States and Switzerland. The algorithm improved the
employment prospects of refugees in the United States by ~40% and in Switzerland by ~75%.
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Abstract

Developed democracies are settling an increased number of refugees, many of whom face challenges
integrating into host societies. We developed a flexible data-driven algorithm that assigns refugees across
resettlement locations to improve integration outcomes. The algorithm uses a combination of supervised
machine learning and optimal matching to discover and leverage synergies between refugee characteristics
and resettlement sites. The algorithm was tested on historical registry data from two countries with different
assignment regimes and refugee populations, the United States and Switzerland. Our approach led to gains of
roughly 40 to 70%, on average, in refugees’ employment outcomes relative to current assignment practices.
This approach can provide governments with a practical and cost-efficient policy tool that can be immediately
implemented within existing institutional structures.
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Refugees are among the world’s most vulnerable populations (1, 2). After experiencing war, violence, and years of
living in overcrowded refugee camps, refugees arrive in a new country with few resources and must acclimate to an
unfamiliar local language, economy, and culture. Refugees frequently remain economically marginalized, with low
levels of employment in the years following their arrival (3-5).

The assignment of refugees to different resettlement locations within a host country is one of the first policy
decisions made during the resettlement process (6). It is also one of the most consequential in maximizing
refugees’ economic integration and self-sufficiency as a first step toward a more comprehensive integration into
society (7-9). Three sets of factors affect refugee integration: geographical context, personal characteristics, and
synergies between geography and personal characteristics (Fig. 1 and fig. S1). For instance, some resettlement
locations in the United States offer better economic and social opportunities that can result in higher levels of
refugee employment (Fig. 1A). In addition, refugees with certain characteristics, such as language and educational
skills, are more likely to succeed economically regardless of the resettlement location to which they are sent (Fig.
1B). Finally, the expected employment returns associated with personal characteristics can vary across different
resettlement locations (Fig. 1C). This indicates that there are synergies between places and people; certain
characteristics will make a refugee a better match for a particular location. In Switzerland, for example, we find that
the ability to speak French (i.e., among French-speaking African refugees) results in a larger payoff for refugees
assigned to French-speaking cantons than for those assigned to German-speaking cantons (fig. S2).
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Fig. 1 Variation in refugee employment in the United States.

(A to C) Refugee employment at 90 days after arrival varies as a function of refugees’ assigned resettlement location (A), personal characteristics (pooled
across refugees assigned to all locations) (B), and synergies between characteristics and locations (two example locations) (C). In (B) and (C), dots with
horizontal lines indicate point estimates with robust 95% confidence intervals from ordinary least-squares regression. The open circles on the zero line
denote reference categories. The data for all three panels include working-age refugees resettled by one of the largest U.S. resettlement agencies during
the 2011-2016 period (n = 33,782). These results are replicated for only working-age refugees without U.S. ties (i.e., “free cases”) in fig. S1.

Host countries’ current procedures for determining how to allocate refugees across domestic resettlement sites do
not fully leverage synergies between refugees and geographic locations. For instance, in the United States, refugees
without existing U.S. ties are primarily assigned to resettlement locations according to the capacity of local
resettlement offices at the time of arrival, without a systematic assessment of the local employment rate for
refugees of similar profiles. In Switzerland, where most refugees initially enter as asylum seekers, the federal
government attempts to reduce fiscal and social strain on individual localities by making assignment random and
proportional across regions.

Prior research has proposed different schemes for refugee assignment both across countries (70, 77) and within
countries (72, 13). These proposals include two-sided matching markets in which an optimized assignment is
determined on the basis of match efficiency and/or the preferences of refugees and host locations (74). Although
these approaches are theoretically appealing, there are practical barriers to their implementation, including a lack of
systematic data on refugee preferences and the need for extensive political coordination.

We have developed a data-driven approach that, in contrast, can be immediately implemented by using existing data
to optimize integration outcomes. Our algorithm has three stages: modeling, mapping, and matching. The modeling
stage involves a supervised machine learning process that predicts the expected success for any quantifiable
metric—for example, early employment—of new refugee arrivals across all possible resettlement locations. We
designated historical resettlement data for model training, in which the unit of observation was a single refugee and
which contained information on the refugees’ background characteristics (e.g., country of origin, language skills,
gender, age, etc.), time of arrival, assigned location, and measured employment success. These training data were
then used to build a bundle of supervised learning models that predicted refugees’ expected employment success
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3gf tio  “their background characteristics. A separate model was fit for subgroups of refugees assigned to
each location, thus yielding different models for each location and allowing for the discovery of refugee/location
synergies. These fitted models were then applied to new, out-of-sample refugee arrival data to predict the expected
employment success of each new arrival at each possible resettlement location.

The mapping stage involves transforming the refugee-level predictions from the modeling stage to a case-level
metric. Mapping to a case-level metric is necessary because refugees are often not assigned to locations on an
individual basis, but rather on a case-level basis, with cases most often being family units. Various mapping
functions can be used. Our preferred case-level metric was the predicted probability that at least one refugee in the
case would find employment at the location in question. This metric uses a simplifying assumption that the
probabilities of employment for refugees within a case are independent, although we also tested alternative
mapping functions—namely the mean, maximum, and minimum predicted probability of employment within each
case—that do not require this assumption (75).

Finally, the matching stage involves assigning each case to a specific location to fulfill a chosen optimality criterion
subject to constraints. Our algorithm is flexible and can accommodate multiple criteria and constraints. The
optimality criterion we used in our applications was to maximize the average of the case-level metric (i.e., the global
average of the probability that at least one refugee in each family gains employment). We also imposed constraints
that represent real-world assignment restrictions, such as how many cases can be sent to different locations. To
solve this constrained optimization problem, we used an optimal matching procedure with the RELAX-IV minimum
cost flow solver (76, 17); see supplementary materials and figs. S3 to S5 for details of the algorithm, data,
measures, and statistical analysis (including out-of-sample classification accuracy and probability calibration).

For the algorithm to obtain reliable predictions, it is important that the historical assignment process not be
determined by unobserved refugee characteristics. This criterion is currently met in many countries that assign
refugees either randomly (according to burden-sharing constraints) or according to premeasured refugee
characteristics that would serve as feature inputs into the algorithm. We assessed the performance of the algorithm
through applications in two such countries: the United States, where refugees are assigned primarily on the basis of
capacity constraints, and Switzerland, where refugees are assigned randomly according to a proportional
distribution key (see supplementary materials and tables S1 and S2 for details).

In the United States, reception and placement services (e.g., arranging location assignments, housing, etc.) for
refugees are implemented by nine voluntary agencies in cooperation with the Department of State. After refugees
are allocated to one of the agencies, placement officers centrally assign refugees to the agency’s resettlement
locations subject to local capacity constraints (78). Placement officers make assignment decisions prior to
refugees’ arrival and without interviewing the refugees. The premeasured characteristics of a case available to the
placement officers can be viewed in the data, and hence can be used as feature inputs into the algorithm.

Refugees are granted work authorization upon arrival and encouraged to find employment as soon as possible. To
track refugee resettlement success, the agencies are required to report the refugees’ employment status at the end
of the reception and placement period, 90 days after arrival. To assess whether an optimized assignment could
improve refugee outcomes, we analyzed de-identified data from one of the largest resettlement agencies for
working-age refugees (ages 18 to 64; n = 33,782) resettled during the 2011-2016 period. We split the data into
training and test sets. For model training, we used data for the refugees who arrived from 2011 up to (but not
including) the third quarter (Q3) of 2016, the most recent quarter with available data. We then applied the fitted
models to predict the expected employment success at each location and determine the optimal assignment for the
test set, refugees who arrived in 2016 Q3. For the test data, we focused on refugees who were free to be assigned
to different resettlement locations (n = 919), in contrast to refugees who are assigned according to the location of
family or other ties. We also imposed constraints on the assignment such that each location could only receive as
many cases under the optimized assignment as were received in actuality.

Our algorithmic assignment considerably increased expected refugee employment over the status quo assignment
(Fig. 2). The median refugee’s predicted probability of employment in the United States more than doubled,
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crer  gf gpproximately 25% to 50%. Our optimized assignment increased the probability of finding
employment across the entire distribution of refugees, including those who were least likely and most likely to find
work.
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Fig. 2 Employment gains from data-driven refugee assignment in the United States.

(A) Empirical cumulative distribution functions (ECDFs) of the refugees’ predicted 90-day employment probabilities under their actual and algorithmic
assignments. (B) Actual and algorithmic employment rates by resettlement location.

In addition, the algorithmic assignment yielded higher employment rates in almost every location, including
locations that had higher and lower baseline employment rates. On average, the employment rate was 34% under
the actual assignment and 48% under the optimized assignment, which means that the optimized assignment
would increase the employment rate above the baseline by roughly 41%.

We conducted a second test in the context of Switzerland, whose asylum process is similar to that of other
European countries belonging to the Common European Asylum System. In Switzerland, asylum seekers who are
not immediately rejected upon arrival are assigned to one of 26 cantons, where they wait for a decision on their
asylum application. We focused on asylum seekers who received subsidiary protection status, which is
Switzerland's largest refugee category (see supplementary materials). We drew upon data from the Swiss State
Secretariat for Migration (SEM), which centrally manages the asylum process and assignment. In contrast to the
U.S. case, the SEM uses a proportional random assignment of cases to locations, and tracks employment
outcomes for several years after asylum seekers’ arrival. This allowed us to benchmark our algorithm against a
different status quo assignment mechanism and to optimize for a longer-term employment metric—specifically,
refugees’ employment at the end of their third calendar year in Switzerland. We focused on all working-age refugees
who received subsidiary protection status and arrived from 1999 to 2013 (n = 22,159), with refugees arriving in 2013
who were free to be assigned to any canton as the test set (n = 888) and refugees arriving in all prior years as the
training set. We also imposed the constraint that each canton gets assigned the same number of cases as in
actuality, in which the number of cases, by law, is assigned in proportion to the population of the canton.

Our algorithmic assignment considerably increased expected refugee employment over the status quo assignment
(Fig. 3). Similar to the U.S. context, our algorithm increased the predicted probability of finding employment across
the entire distribution of refugees. On average, the third-year employment rate was 15% under the actual assignment
and 26% under the optimized assignment. These results suggest that the data-driven assignment has the potential
to increase third-year employment in the Swiss context by about 73%.
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Fig. 3 Employment gains from data-driven refugee assignment in Switzerland.

(A) ECDFs of the refugees’ predicted third-year employment probabilities under their actual and algorithmic assignments. (B) Actual and algorithmic
employment rates by canton. See table S3 for canton names.

In the supplement, we present further results for both countries in which we applied alternative specifications for
the algorithm. Specifically, we replicated testing with different time periods (figs. S6 and S7), alternative mapping
functions (fig. S8), shorter- and longer-term outcomes (fig. S9), and varying lengths of the training data period (fig.
$10). The results from these tests all show considerable gains.

Our analysis demonstrated large potential improvements, but we did not test the algorithm prospectively. Ideally, it
should be tested in a randomized controlled trial design. In addition, further research is needed to determine
whether it is more effective to optimize for short-term or long-term outcomes. In Switzerland, for example, we find
considerable gains regardless of whether we optimize for second-, third-, or fourth-year employment (see
supplementary materials). In the United States, however, longer-term employment outcomes are currently not
tracked. Still, early employment is often highly predictive of long-term employment (79), and the use of shorter-term
outcomes in the algorithm allows for faster learning of emerging and declining synergies based on more recent
data, possibly resulting in a more effective assignment.

In contrast to more expensive interventions (such as language or job training programs) that are sometimes

implemented long after refugees’ arrival, our approach is cost-efficient and implemented before refugees’ arrival,

giving them the strongest foundation possible from which to integrate into host societies. Furthermore, our

approach modifies an existing policy process, facilitating its immediate implementation, and it is dynamic in that it

adapts to synergies over time. Because of the algorithm’s data-driven learning capacity, policy-makers do not need

to invest in identifying the precise sources of those synergies—local economic conditions, social environments,
fresettlgmeniBffice efficacy, etc.—to harness their benefits.

Our approach also preserves the ability of policymakers to set their own parameters and priorities. Specifically,
policy-makers can choose their own preferred integration success metrics, optimality criteria, and constraints for
the assignment. For example, in our U.S. application, we find that the average employment gains achieved under our
optimized assignment could be improved even further by slightly relaxing the constraints and allowing the algorithm
to increase or reduce the number of cases assigned to different resettlement locations (fig. S11). In addition, if
systematic data on refugee preferences regarding their geographic placement would become available, these data
could also be incorporated into the algorithmic assignment by, for instance, optimizing for a weighted average of
pr&‘jarences and predicted integration success. Lastly, the algorithm could also be used to complement rather than
replace placement officers’ expertise. For instance, in a computer-assisted assignment process, the algorithm might
provide several recommendations, and placement officers could use their own discretion to determine the final
assignment or override any suggestions.
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