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Introduction

• Intergovernmental Panel on Climate Change (IPCC, 2022) warns

we are approaching the 1.5°C level above pre-industrial

temperature

• 150-300 million people will be displaced by environmental

changes by 2050 (Gemenne 2011)

• The US suffers from sea-level rise, earthquake, hurricane, and

other environmental disasters



Previous studies and knowledge gap

• Globally, previous studies primarily focused on rapid-onset

environmental changes in the developing world

• In the US, studies on slow-onset environmental variabilities used

aggregated data at the regional level or crude level

Gutmann et al. (2005): Great Plains region, 1930-1990

Feng et al. (2012): Corn belt region, 1970-2009

Poston et al. (2009): The entire US at the state level, 1995-2000

• There is a knowledge gap regarding the impact of slow-onset

environmental variabilities on migration at the individual level in

developed setting



Research objectives

• Explore individuals’ migratory responses to slow-onset

environmental variabilities (precipitation, temperature, air quality,

and environmental amenity)

• Examine the heterogeneous environmental impacts on migration

across age groups (age group 15-64 and age group 65+)



Data

• The American Community Survey (ACS) Microdata

• The Parameter-elevation Regressions on Independent Slopes

Model (PRISM)

• The Atmospheric Composition Analysis Group (ACAG)

• The National Oceanic and Atmospheric Administration (NOAA)



Measurement
• Migration: Whether individuals moved across counties between ACS years

• 𝐶𝑙𝑖𝑚𝑎𝑡𝑒 𝑎𝑛𝑜𝑚𝑎𝑙𝑦𝑖,𝑡 =
𝐿𝑒𝑣𝑒𝑙𝑖,𝑡−𝜇𝑖

𝐿𝑅

𝜎𝑖
𝐿𝑅

𝐿𝑒𝑣𝑒𝑙𝑖,𝑡 = Climate measure in county i at time t

𝜇𝑖
𝐿𝑅 = Long-run (30-year, 1980-2009) average in county i

𝜎𝑖
𝐿𝑅 = Long-run (30-year, 1980-2009) standard deviation in county i

(a) County boundaries of the United States in 2010 census

(b) Gridded maximum temperature on July 31, 2020

(c) County-level maximum temperature on July 31, 2020



Analytical approach

Two-level logistic regression:

𝐿𝑜𝑔𝑖𝑡 Pr 𝑌𝑖𝑗 = 1

= 𝛼0 + 𝛼0𝑗 + 𝛼1𝑋1𝑖𝑗 +⋯+ 𝛼𝑘𝑋𝑘𝑖𝑗 + 𝛽1𝑍1𝑗 +⋯+ 𝛽𝑚𝑍𝑚𝑗

where X1ij through Xkij denote the level-1 variables

Z1j through Zmj denote the level-2 variables

Level-1 (individual) variables:
Age, personal income, gender, marital status, race, education

Level -2 (county) variables:
Precipitation, temperature, PM2.5, Normalized Difference Vegetation Index (NDVI)

Household income, housing price, employment rate, homeownership, metro status



Descriptive statistics

Note: Distribution of race: Non-Hispanic White (59%), Non-Hispanic Black (14%), Hispanics (17%), Others (10%).



General environmental migration model

Note: *** p<0.001, ** p<0.01, * p<0.05. NHB=Non-Hispanic Black, NHW=Non-Hispanic White. Model diagnostics are not show.



Age-specific environmental migration models

Note: *** p<0.001, ** p<0.01, * p<0.05. NHB=Non-Hispanic Black, NHW=Non-Hispanic White. Model diagnostics are not show.



Findings

• Being male, non-Hispanic white, and highly educated increased

migration probability

• Overall, precipitation and temperature anomalies increased

migration probability, while PM2.5 and NDVI anomalies

decreased migration probability

• The younger generation (age group 15-64) was responsive to all

environmental measures, while the elder generation was only

responsive to temperature and environmental amenity



Takeaways

1. Slow-onset environmental variabilities affect migration in the

United States, even after controlling for sociodemographic

factors

2. There exist age-specific environmental migration patterns under

slow-onset environmental variability, with the elder generation

being responsive to temperature and environmental amenity

while the younger generation being responsive to all

environmental factors
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