
Climate Migration
Modeling human movement



Assignments

Keep working on your projects!

Each team will need to check in with me during our next class. 

Discussion question: What is the most impactful or useful thing you learned in this 
class?

Due Friday 5pm



Advice on data preprocessing

Do the bare minimum to be able to run a model

Then tweak and feature engineer from there

➢ You should be training models by now!!



Climate change in the news



Climate change in the news

https://nyunews.com/news/2023/04/21/
laurence-fink-nyu-trustees-removal-bla
ckrock/ 

https://nyunews.com/news/2023/04/21/laurence-fink-nyu-trustees-removal-blackrock/
https://nyunews.com/news/2023/04/21/laurence-fink-nyu-trustees-removal-blackrock/
https://nyunews.com/news/2023/04/21/laurence-fink-nyu-trustees-removal-blackrock/


Recap



Climate migration

Occurs when climate change or its consequences make a region unlivable for a person



Climate Migration is already happening

In Southeast Asia, where increasingly 
unpredictable monsoon rainfall and 
drought have made farming more 
difficult, the World Bank points to more 
than eight million people who have 
moved toward the Middle East, Europe 
and North America. 

In the African Sahel, millions of rural 
people have been streaming toward the 
coasts and the cities amid drought and 
widespread crop failures.

https://www.nytimes.com/interactive/2020/07/23/magazine/climate-migration.html 

https://www.nytimes.com/interactive/2020/07/23/magazine/climate-migration.html


Migration is politically fraught

An injection of new people into an aging 
work force could be to everyone’s benefit. 

Northern nations can relieve pressures on 
the fastest-warming countries by allowing 
more migrants to move north across their 
borders.

The best outcome requires not only good 
will and the careful management of 
turbulent political forces; without 
preparation and planning, the sweeping 
scale of change could prove wildly 
destabilizing. 

https://www.nytimes.com/interactive/2020/07/23/magazine/climate-migration.html 

https://www.nytimes.com/interactive/2020/07/23/magazine/climate-migration.html


Migration grows as temperatures do

If governments take modest action to 
reduce climate emissions, about 680,000 
climate migrants might move from Central 
America and Mexico to the United States 
between now and 2050.

 If emissions continue unabated, leading to 
more extreme warming, that number jumps 
to more than a million people. (None of 
these figures include undocumented 
immigrants, whose numbers could be twice 
as high.)

https://www.nytimes.com/interactive/2020/07/23/magazine/climate-migration.html 

https://www.nytimes.com/interactive/2020/07/23/magazine/climate-migration.html


Planning can help

Planning can help communities 
prepare and adapt to changing 
climate, or prepare to accept 
migrants.



Paper Deep Dive

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0227436 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0227436


Motivation

Human migration is a natural response to these climate change pressures, and is one of many adaptation 
measures that people will take in response to climate change. 

Understating how human migration will be affected by climate change is therefore a critical input in the 
decision making process of many governments and organizations.

 In particular, it is important to understand how climate change driven migration will differ from 
“business as usual” forms and motivations humans have to migrate.



Background

Sea level rise (SLR) will affect millions of people living in coastal areas. 

Different studies have highlighted likely scenarios of sea level rise by 2100, varying in their projections of 
severity. According to the IPCC Fifth Assessment Report, in the “worst-case” Representative 
Concentration Pathways (RCP) scenario, RCP 8.5, where greenhouse gas emissions continue to rise 
throughout the 21st century, a global mean sea level (GMSL) rise between 0.52 to 0.98 meters (m) is 
likely by 2100 [11]. Other estimates, using statistical instead of process based models of GMSL, project a 
rise in the range of 0.75 m to 1.9 m by 2100 [12]. Recent research from the National Oceanic and 
Atmospheric Administration (NOAA) has even suggested a 2.5 m upper bound of GMSL rise by 2100 for 
an ‘extreme’ SLR scenario, and a 2 m GMSL rise for a ‘high’ scenario [13].

By the year 2100, a projected 13.1 million people in the United States alone would be living on land that 
will be considered flooded with a SLR of 6 feet (1.8 m)

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0227436#pone.0227436.ref011
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0227436#pone.0227436.ref012
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0227436#pone.0227436.ref013


Background

Existing methods don’t incorporate all possible features

http://www.youtube.com/watch?v=5z_dlC0hxbQ&t=53


Background

Radiation models take in information about intervening locations



Goal

In particular, our framework assesses the broader impacts of climate change on population, by explicitly 
considering the effects on migration on populations directly affected by climate change and indirectly 
affected by the change in migration patterns induced by climate change.

Our framework, by incorporating separate models of migration choices for climate change driven versus 
“business-as-usual” migration, recognizes that the patterns of climate migrants will not necessarily 
follow patterns observed in historical migration data. 



Brainstorm

What kind of data would you want to have to be able to approach this problem?

What kind of methods would you apply?

How would you measure success?

What difficulties might you face?



Framing the problem

From:

To:

Cty A

City B

City C

City E

City D

City A City B City C City D City E



Framing the problem
Break the problem down into 2 modules:

The Climate module identifies the locations (and corresponding populations) that will be affected 
by sea level rise



Framing the problem
Break the problem down into 2 modules:

The Migration module calculates the transition probability by considering regular migration and 
migration from sea level rise. 



Framing the problem
Break the problem down into 2 modules:



Framing the problem
Break the problem down into 2 modules:

Benefits of this framing: can use different models/data for each section, explicitly limits migration 
to affected regions, can separately study the impacts of each section, recursive nature models 
long term and indirect impacts



Framing the problem

Units = census block groups

Census block groups are the smallest 
geographical unit for which the U.S. 
census bureau publishes sample data. 
Typically, Block Groups have a 
population of 600 to 3,000 people. In 
this data year, there are 216,330 block 
groups across the U.S.

Can aggregate on county level (3,143). 



Models

Climate Impacts Model: turn 
information about sea level rise into an 
estimate of the number of affected and 
unaffected people in each census block 



Models

Climate Impacts Model: turn 
information about sea level rise into an 
estimate of the number of affected and 
unaffected people in each census block

Use the Digital Coast dataset. Creates 
a detailed map of flooding for a given 
global sea level rise based on land and 
sea features. 



Models

Migration Models: estimate probability 
of person moving from county A to 
county B using county features



Models

Migration Models: estimate probability 
of person moving from county A to 
county B using county features

https://arxiv.org/pdf/1711.05462.pdf 

https://arxiv.org/pdf/1711.05462.pdf


Model

“Our goal is to estimate a function f, which takes the features of zone i and j, as 
well as the joint features between them, as input, and directly outputs the 
estimated number of migrants that travel from i to j.”

Compare:

XGBoost and ANNs to traditional models (radiation and gravity) 



Model

ANN loss function is based on migration evaluation metric, CPC 

This loss function was found to perform better than mean-squared error



Data

The USA Migration dataset consists of yearly intra-county migrations in the USA between 3106 
counties from the IRS Tax-Stats datafor the 11 years in the range from 2004 to 2014. 

We supplement the migration data with the following 7 per-county features: population, land 
area, population density, median household income, county water area, is a coastal county, and 
number of neighboring counties; and 6 between-county features: distance, intervening 
population, intervening land area, intervening number of counties, intervening population density, 
and intervening median income.

The Global Migration dataset consists of decadal inter-country migration data between 207 
countries from the World Bank Global Bilateral Migration Database. The Global Migration dataset 
contains 5 timesteps, one every 10 years from 1960 to 2000. In the Global Migration dataset we 
add the following 5 per-country features: population, population density, population growth, 
agricultural emissions, and land area. Additionally, we include 3 between-country features: 
distance, intervening population, and intervening land area.



Data Problem!

“Migration data is heavily zero-inflated, where in any given year, most pairs of 
zones do not have any migrants traveling between them. For example, 
Considering migrations between US counties, less than 1% of the possible pairs of 
counties have migrations between them”



Data Problem!

“Migration data is heavily zero-inflated, where in any given year, most pairs of 
zones do not have any migrants traveling between them. For example, 
Considering migrations between US counties, less than 1% of the possible pairs of 
counties have migrations between them”

To address this problem, when creating a training dataset we undersample 
“negative” samples between pairs of zones for which there are no observed 
migrations. 
This is a naïve technique that will necessarily throw out available information. To 
offset this, we introduce a hyperparameter k that determines the number of 
“negative” examples of migrations to train with.



Training 

Hyperparameter search 

For ANN: varying loss function, number of layers, layer width, number of training 
epochs, k, and training mini-batch, size.

For XGBoost: varying maximum tree depth, number of estimators, k, and learning 
rate. 

 



Evaluation



Results

Traditional features are only those normally used in gravity or radiation based 
models.

XGBoost with the full feature set is consistently high performing



Results

Different models make very different immigration errors



Results

Comparing same model with different data



Results

Many of the important features are not traditionally included in 
migration models. ML models can accommodate any features.



Models

Migration Models: estimate probability 
of person moving from county A to 
county B using county features.

Climate migration model models migration from affected regions to 
unaffected regions 

Standard migration model models migration from unaffected to unaffected 
regions



Models

Migration Models: estimate probability 
of person moving from county A to 
county B using county features.

Climate migration model is fit on data from 7 counties severely affected by 
Hurricanes Katrina and Rita, from 2004-2014. 



Models

Migration Models: estimate probability 
of person moving from county A to 
county B using county features.

Standard migration model is fit on data from remaining counties, from 
2004-2014. 



Models

Migration Models: estimate probability 
of person moving from county A to 
county B using county features.

Both models are ANNs, which on average outperform standard gravity 
and radiation models.

XGBoost??



Evaluation

Individual models have been independently validated

Results are described in terms of direct and indirect effects of sea level rise.

“A zone is marked as indirectly affected if the difference between the number of incoming migrants in the CLIMATE scenario and the 
baseline scenario is greater than a percentage d% of the population of that zone. By varying d we can see different intensities of 
indirect effects.” 



Results

1.8m sea rise will have strong impact on migration

All counties that experience 
flooding under 1.8m of SLR by 
2100 in blue 
The remaining counties are colored 
based on the number of additional 
incoming migrants per county that 
there are in the SLR scenario over 
the baseline



Results

Much of the impact will be indirect



Results
Extended radiation model 
gives very different spatial 

patterns



Results

In general, we find that previously “unpopular” migrant destinations (areas with relatively 
low numbers of incoming migrants) would be more popular solely due to their close proximity 
to counties that experience “direct effects”. 

The East Coast will experience larger effects than the West coast because of the large 
coastal population centers and shallower coastlines, indeed, all counties adjacent to coastal 
counties on the East coast are marked as indirectly affected. 

Existing urban areas will receive the largest magnitudes of migrants, as they represent the 
most attractive destinations, which will accelerate the existing trends of urbanization.



Limitations

While our framework is flexible enough in theory, in practice it will require assumptions specific to each application. These assumptions 
can be the result of knowledge gaps, data limitations, or large uncertainties in the individual component models. 

In our application to SLR, we have made several such assumptions that affect how we interpret the results of the coupled 
SLR/migration models. For example, we have assumed that people move due to SLR only when their homes are permanently 
flooded. It is of course possible, that people will move because their business or jobs are affected. According to the ‘Nuisance 
Hypothesis’ from Keenan et al. [40] housing prices are affected by people’s perceptions as to whether or not a property is at risk 
of flooding. This could impact “pull” factors of migration.

 While we cannot consider this channel in our current application due to data limitations, our framework allows to expand in this 
direction once more data is available.

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0227436#pone.0227436.ref040


Further resources

https://www.whitehouse.gov/wp-content/uploads/2021/10/Report-on-the-Impact-of-
Climate-Change-on-Migration.pdf

https://www.weforum.org/agenda/2022/11/how-ai-can-help-climate-migration/ 

https://www.whitehouse.gov/wp-content/uploads/2021/10/Report-on-the-Impact-of-Climate-Change-on-Migration.pdf
https://www.whitehouse.gov/wp-content/uploads/2021/10/Report-on-the-Impact-of-Climate-Change-on-Migration.pdf
https://www.weforum.org/agenda/2022/11/how-ai-can-help-climate-migration/


Summary


