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Abstract
This paper studies migration patterns in the U.S. and the relationship between migration patterns and energy use and carbon emissions. The paper
uses a two-city model of energy use and household migration to analyze
emission implications from city level green policies. Per-household emissions
are calculated for the largest 49 MSA’s in the U.S. and data on migration
patterns used to assign substitute locations to migrating households. Detail
is given to ranking cities in carbon contributions from migration as well as
changes to migration and carbon contributions over time. Results show large
differences in net carbon emissions from migration, which has implications
for a wide range of policies affecting migration decisions. The MSA’s which
are the most carbon-reducing in migration are also those with the strictest
land use regulations, and new regulations suggest this pattern will continue.
Several cities with strong impacts on national carbon emissions are given
detailed analysis: Atlanta, Washington D.C., San Antonio, and Los Angeles.
1. Introduction
Climate change as a result of carbon emissions is a highly studied and
broad topic in the economics literature. As noted in Glaeser and Kahn

(2010), a significant proportion of US carbon emissions come from household energy use, and urban structure plays a prominent role in how much
energy households consume. Mangum (2017) and Glaeser and Kahn (2010)
have shown that cities vary greatly in per household levels of emissions, with
the high-emission U.S. cities having nearly twice the per-household emissions as the low-emission cities. Glaeser and Kahn examine differences in
urban structure and both within city and between city variation in household energy use. This paper extends this literature by using historic internal
migration data to examine the role migration plays in the total emissions for
the U.S. Given the plethora of local policies on housing and zoning, and the
popularity of local green regulations, it is highly unlikely that emissions will
be optimally taxed. As noted by Glaeser and Kahn, even a perfectly calibrated Piguvian carbon tax is not sufficient for optimal location decisions
in the presence of local policies or incentives which restrict development in
green areas and subsidized development in less green areas. In reality, the
U.S. has many such policies and incentives. According to Glaeser, “By restricting new development, the cleanest areas are pushing development to
areas of higher emissions.” (Glaeser and Kahn pp.1) So migration will play
a key role in how optimal emission decisions are made from a country perspective, because how the population is distributed and moving among the
cities of various emissions levels affects the total country level of emissions.
As household migrate between cities, they change their housing consumption, carbon content of electricity and heating, and driving patterns as they
change locations. Any local policies directly or indirectly taxing carbon emissions would have to consider the potential migration effects on emissions an
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how movement of households to and from their neighbors contributes to the
national carbon account. Policies in all of the cities are important, as well
as a city’s location in the sense of it’s largest migration neighbors. While
Mangum (2017) considers simulations of national level policies, this paper
focuses on local policies with migration effects following historic migration
patterns. The purpose of this paper is to examine the role migration plays in
the total carbon emissions in the U.S. This paper extends a two-city model
first developed in Glaeser and Kahn (2008). It does this by using city pairs
constructed from data on MSA emissions and MSA-to-MSA migration data.
This will represent the migration effect of the MSA by weighting its migrants
with the per-household emissions of their destination MSA. Each MSA will
thus have different migration effects, for both out- and in- migration, due to
their place in the migration network and the greenness of substitute cities in
their part of the network. The paper proceeds as follows. Section 2 presents
the two-city model and the generation process for the representative migration city. Section 3 describes the data used in the paper. Section 4 details
the results and implications. Section 5 concludes and discusses opportunities
for further research.
2. The Two-City Model
This section expands on the two-region model presented in Glaeser and
Kahn (2008). The original model is introduced and then expanded by considering the changes on energy use. The model contains two regions (which will
be defined as cities in this paper) where individuals are free to move between
them to maximize utility. They maximize utility by choosing location and
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energy service consumption. The individual wishes to live in the location
where they can get the most utility from energy service consumption, which
depends on the price of energy services and that location’s utility function
with respect to energy. For example, heating and cooling expenses can be
expensive in an area with a very mild climate and total energy service consumption could be lower and yield a higher total utility. With income and
total population being held constant, the model shows that the distribution
of population between regions with different energy prices, energy uses, and
external costs of energy service consumption affects total utility. New zoning
or tax policies cause a movement between cities as well as a change in energy
service consumption within.
The two regions are expanded from abstract areas to constructed empirical areas using migration data to represent the migration effect of a city.
The model is presented and then followed by the representative migration
city construction. The two-city model begins with individuals maximizing a
quasi-linear utility function Yi − PiH − (PiE + t)Ei + tÊ + Vi (Ei ; Xi ) − C(N Ê)
where Yi is income, PiH and PiE are prices of housing and energy services for
city i; t is an energy use tax; E is energy use in city i; Ê is the national
average energy consumption; Vi (.; .) is a function for city-specific benefits
from energy services; Xi is a vector of exogenous attributes for location i;
C(N Ê) is the external cost of energy use by the whole country, which can
be thought of as the national contribution to climate change; and N is population. Note that in modeling energy services, I am looking at the cost of,
e.g., maintaining a given temperature in the home, which will be a function
of energy prices but also house size, weather, and so forth. Finally, note
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that the tax is revenue neutral, since individuals are receiving a lump sum
rebate of tÊ. Next, each city i has QFi identical employers, with revenues
f (.) increasing and concave in the the number of people hired. Each city has
builders QB
i , with costs k(.) increasing and convex in buildings constructed.
Now wage income is f 0 ( QNFi ), or the marginal revenue product of labor (MPL),
i

and housing cost is

k 0 ( QNBi ),
i

the marginal cost of supplying housing. Individ-

uals hold equal rights to all business profits. The two equilibrium conditions
are as follows: individuals choose privately optimal energy consumption Ei∗
to maximize their utility, so PiE + t = V1 (Ei∗ ; Xi ), with V1 (Ei∗ ; Xi ) being the
first derivative of V (.; .) with respect to E. The next condition is a locational
equilibrium, so f 0 ( QNFi )−k 0 ( QNBi )−(t+PiE )Ei∗ +V (Ei∗ ; Zi ) must be equal for all
i

i

cities. Individuals in this model are identical, and the social welfare function
used is additive:
X

QFi f (

i

Ni
Ni
E
) − QB
i k( B ) + Ni (V (Ei ; Xi ) − Pi Ei − C(N Ê))
F
Qi
Qi

(1)

So this yields two first order conditions. The first, for energy consumption,
is
0

PiE Ei − N C (N Ê) = V1 (Ei ; Xi )

(2)

so that the private optimality condition is socially optimal at a tax of t =
0

N C (N Ê). For the last unit of energy service consumption, the price of
energy services plus the optimal tax equals the marginal benefit for the city
of that unit of energy services.
The first order condition for location decisions is that
f 0(

Ni
Ni
0
) − k 0 ( B ) + V (Ei∗ ; Xi ) − Ei (PiE + N C (N Ê))
F
Qi
Qi
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(3)

is constant over space. Income plus the benefits from energy services, minus
the cost of energy (both price cost and external cost) and cost of housing
must be equal for all locations. This gives a locational equilibrium and there
is no arbitrage opportunity from changing location.
Consider the case of environmentally inspired land use restrictions. A location can impose a zoning tax zi on new construction. Builders in location
1 now have a first order condition P1H = z1 + k 0 ( QNB1 ). Assume that the tax
1

is returned to inframarginal residents to be revenue neutral. Here, Glaeser
and Kahn (2008) assume that zoning can affect population sizes but not
energy use or energy prices. However, as noted in Mangum (2017), zoning
regulations affect the patterns of energy consumption which lead to observed
cases of low-emission and high-emission cities, and are not merely an impediment to the movement of households. The effect of zoning on patterns
of energy use in City 1 will be modeled though the cost of energy services,
P1E . Zoning increases the cost of energy related services, P1E . Height restrictions, for example, decrease the ratio of interior living space to exterior
building space, known in the literature as the floor-area-ratio (FAR), lowering heating and cooling efficiency and making it more expensive to achieve
the same level of energy services E1 ; it has been shown that such restrictions
are welfare decreasing for the urban resident (Bertaud and Brueckner 2005).
Any zoning which reduces density, such as a minimum lot size, green belt, or
height restriction (such as a limit on the FAR) means that the network for
electricity must consist of a higher ratio of infrastructure (such as wires and
cables) to buildings they service. Electricity transfer over such infrastructure
is less than perfect, so increasing this ratio increases costs of providing any
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level of electricity. Thus

∂P1E
∂z1

> 0. However, it is also possible that added

green space reduces cooling costs and that zoning decreases dwelling unit
size, which would have the opposite effect.
The zoning tax reduces the number of people in location 1. Starting with
the locational equilibrium condition for two cities 1 and 2 after adding the
zoning cost for city 1,
(N1
0 N1
E
∗
∗
f 0 (Q
F ) − (k ( QB ) + z1 ) − (t + P1 )E1 + V (E1 ; X1 ) =
1

f 0 ( QNF2
2

1

)−

k 0 ( QNB2 )
2

− (t + P2E )E2∗ + V (E2∗ ; X2 ).

It is possible to differentiate this condition with respect to zoning z1 :

∂
f 0 ( QNF1 ) − (k 0 ( QNB1 ) + z1 ) − (t + P1E )E1∗ + V (E1∗ ; X1 ) =
∂z1
1
1

∗
0 N2
∗
0 N2
E
f ( QF ) − k ( QB ) − (t + P2 )E2 + V (E2 ; X2 ).
2

2

which yields the expression:
∂E ∗

∂E ∗

∂P E

1
1
( Q1F )f 00 ( QNF1 )( ∂N
) − ( Q1B )k 00 ( QNB1 )( ∂N
) − 1 − t( ∂z11 ) − ( ∂z11 )E1∗ − ( ∂z11 )P1E +
∂z1
∂z1
1

1

∂E ∗
( ∂z11 )V1 (E1∗ ; X1 )

1
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( Q1F
2

1

)f 00 ( QNF2
2

2
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∂z1

2
− ( Q1B )k 00 ( QNB2 )( ∂N
)
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2

First, note that with only two cities,
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∂N2
∂z1

1
= − ∂N
. Population gained by
∂z1

city 2 is population lost by city 1 and vice versa. Secondly, recall the private
energy optimization PiE + t = V1 (Ei∗ ; Zi ); this cancels terms and leaves the
equation ready to be solved for

∂N1
∂z1
∂P E

1
1
( Q1F )f 00 ( QNF1 )( ∂N
) − ( Q1B )k 00 ( QNB1 )( ∂N
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And thus the resulting equation for

∂N1
∂z1

is:

∂P E

−1 − ( ∂z11 )E1∗
∂N1
= 1 00 N1
< 0. (4)
∂z1
( QB )k ( QB ) + ( Q1B )k 00 ( QNB2 ) − ( Q1F )f 00 ( QNF1 ) − ( Q1F )f 00 ( QNF2 )
1

1

2

2

1
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Zoning regulations increase the price of energy services and will cause
additional reduction in population 1 relative to a model where zoning has no
impact on the price of energy services. The impact from the zoning migration
0

1
). (E2 − E1 ) is the
effect on welfare is ((E2 − E1 )(N C (N Ê) − t) + z1 )( ∂N
∂z1

change in energy consumption from the household moving from city 1 to city
0

2. (N C (N Ê) − t) is the external cost of energy use in the zoned city, net
0

of energy taxes. This is positive as long as (E1 − E2 )(N C (N Ê) − t) > z1 .
This effect is welfare improving if 1) city 1 was the high energy use city
((E1 −E2 ) > 0) and 2) z1 is smaller than the difference in energy use times the
difference in between social cost of energy use and the energy tax. This is to
say that the zoning tax should not be greater than the external cost of energy
consumption net of taxes. Assuming energy taxes which are smaller than
0

external cost of energy ((N C (N Ê) − t) > 0), if city 1 is the low-energy city
((E1 − E2 ) < 0) then z1 must be welfare reducing. In other words, if zoning
taxes are imposed on low energy use city, they will be counterproductive:
they force population away from low energy-use areas and into high energyuse areas. Next consider the effect of a zoning tax on energy services E1 .
Energy service can be broken down into two main types: in-home energy
and gasoline from driving. Thus E1 can be represented as a function: E1 =
f (Heating(ph (z1 ), pe , Z1 ), Electricity(ph (z1 ), pe , Z1 ), Driving(ph (z1 ), pe , Z1 . Z1
is a vector of city characteristics such as climate. In-home energy services
are comprised of heating and electricity, both of which depend on the price
of housing, the price of energy services, and city characteristics. Driving
depends on price of housing, the price of energy services, and city characteristics. The primary interest for energy is the relationship between per-
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household energy services and zoning. Thus

∂E1
∂z1

depends on zoning’s effect

on heating, electricity, and driving through price of housing.

∂ph
∂z1

is posi-

tive; as zoning regulations increase, housing prices increase. And for heating
and electricity,

∂Heating(.)
∂z1

and

∂Electricty(.)
∂z1

are negative because of two effects:

higher housing prices lead to smaller houses built and consumed, reducing energy consumption in-home, because smaller houses will require less energy to
heat and cool and use less electricity. Zoning increases the price of energy services P1E , reducing quantity demanded of these services. Smaller houses built
increases density and reduces average commute distance, reducing driving.
Price of energy services includes gasoline and other transport related expenditures, and thus reduces consumption of these services via driving. Finally,
simulations of zoning regulations on energy use in Mangum (2017) show a
negative correlation at the national level for both in-home energy use and for
driving. Thus
the extensive

∂E1
∂z1

∂N1
∂z1

is negative. When zoning z1 is changed, there are effects on
and intensive

∂E1
∂z1

margins. As noted in Mangum(2017), any

simulation of national policy necessarily involves changes on both margins.
What this means is that high-emission cities will have two carbon-reducing
effects from increased zoning: shifting population to cleaner cities (carbon
decreasing) and lowering per-household carbon use within the city (carbon
decreasing.) However, low-emission cities will have opposing effects from
zoning: they can trade higher per-household energy use for more population
by decreasing zoning, or trade lower per-household energy use for lower population by increasing zoning. The effect of zoning policies on energy use can
be written as:
∂N1
∂E1
∂(N E)
=
[E1 − E2 ] +
N1 .
∂z1
∂z1
∂z1
9

(5)

The first half is the effect of migration on total energy use; this comes from
multiplying the number of people who move out of city 1,

∂N1
,
∂z1

by the energy

use differential between city 1 and city 2, [E1 − E2 ]. The second half is
the effect of zoning policies on per-household energy use within city 1,

∂E1
,
∂z1

times the population of city 1 N1 . Thus equation (5) captures the tradeoffs
mentioned above when considering zoning policies and energy use.
Whereas Glaeser and Kahn (2010) consider the carbon intensity of living in arbitrarily compared cities, and whereas Mangum (2017) estimates an
equilibrium model without regards to observed patterns of inter-city substitution, I propose to calibrate the carbon intensity of a city’s relevant substitutes using the matrix of intercity migration patterns. Thus to expand
the two-city model, and to quantify the counterproductive effects described
in the two-city model, pairs will be constructed for an MSA and its representative migration city. Two types of representative cities are constructed
for each MSA: one representing the target of that MSA’s out-migration, and
one representing the origin of that MSA’s in-migration. The representative
out-migration city is a migration-weighted city using all of the cities which
receive migration from the MSA. This represents the yearly flow carbon footprint of all migrants moving out of MSA i at year t. For each M SAk which
receives migrants from M SAi , the percent of out-migration of M SAi which
goes to M SAk is multiplied by the per-household emissions for M SAk . This
is done for multiple years t. So for M SAi,t , the representative out-migration
city Ri,t is defined:
Ri,t =

X M igrationt M SAi to M SAk
P
∗Emissions(M SAk,t )∀l 6= i, k 6= i.
M
igration
t M SAi to M SAl
l
k
(6)
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The representative out-migration city does not include the people who do
not move (k 6= i and l 6= i). For each M SAi,t , the net effect on national
emissions from out-migration is:
(Emissions(M SAi,t )−Emissions(Ri,t ))∗

P

k

M igrationt (M SAi toM SAk )

f or k 6= i,
which is the difference in emissions per household between the MSA and
its representative out-migration city times the number of households which
migrated out of that MSA. A second set of representative migration cities
is also constructed for in-migration. This represents the yearly flow carbon
footprint of all migrants who move to M SAi at year t. For M SAi , the
representative in-migration city RIN it is defined:
IN
Ri,t
=

X M igrationt M SAk to M SAi
P
∗Emissions(M SAk,t ), ∀l 6= i, k 6= i.
l M igrationt M SAl to M SAi
k
(7)

The net effect on national emissions from in-migration is:
P
IN
)−Emissions(M SAi,t ))∗ k M igrationt M SAk toM SAi
(Emissions(Ri,t
f or k 6= i,
which is the difference in emissions per household between the representative in-migration city and the MSA times the number of households which
migrated into that MSA. There are two possible pairs of cities to use the
two-city model for. These two pairs will be analyzed to show the impact
on national emissions from migration to and from major metro areas in the
US.They can be seen in Figure 1.
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Figure 1: Representative Migration Cities

3. Data
This section describes the data used in this paper. Migration data comes
from the IRS tax returns data. These are reported to the IRS as a change
in household address from year to year on the head of household tax return.
This data has both to and from city, and so gives flows for every county-tocounty pair in the US. These counties are aggregated up to the MSA level so
that moves in the data represent changes in labor markets rather than local
moves. Data for all MSA pairs in the US exists, though only those MSAs with
adequate emissions data are included in the analysis. As better emissions
data becomes available, more MSAs can be added to the migration network
data. These data are a panel of one-way flows for years 1991-2010. Data
on energy use closely follows the methodology of Glaeser and Kahn (2010)
and Mangum (2017). The goal of this data is to assign per household carbon
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emissions to each MSA in the analysis for each year in the time horizon. Data
for gasoline use comes from the National Highway Transportation Survey
(NHTS), which has 5 waves from 1983 until 2009. Total gallons per household
are calculated in the same way as Mangum (2017) by regressing gas usage on
location and time dummy variables, and then scaled for city household size
and proportion of households with personal vehicles obtained from public use
census files. This is to be able to use the average driving emissions of the city
household rather than the NHTS household. In-home energy use comes from
the Residential Energy Consumption Survey (RECS). The energy sources
used are fuel oil, natural gas, and electricity. The RECS has seven waves
from 1987-2009. Geographic data is relatively limited, including census subregion and metro status. Older homes are known to have higher energy use
than newer homes, so the average energy use tends to be higher than the
marginal new home energy use. However, newer homes are more often built
in the suburbs and are associated with higher gasoline consumption (Glaeser
and Kahn 2010). It is possible to distinguish between average energy use and
marginal energy use by restricting the sample to homes built in the last 20
years for marginal energy use.
With energy usage data assigned, it is now necessary to standardize energy use in terms of carbon emissions. Glaeser and Kahn (2010) assign 23.46
pounds per gallon of gasoline, 120.6 pounds per 1000 cubic feet of natural
gas, and 26.86 per gallon for fuel oil. Carbon content for electricity is determined by state using the North American Electric Reliability Corporation
(NERC) carbon content per kilowatt hour. Now each MSA has a household
level average annual carbon emission for each year in the time horizon. For
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a summary of assigned household carbon emissions at the MSA level over
time, see Figure 18 in the Appendix.
Data for the Wharton Regulation Index is published online by the authors
of Gyourko, Saiz, and Summers (2008). This data is used as an indicator
of strictness of housing regulations. This analysis is limited to more recent
years by the time limitations of the Wharton Index.
4. Results
This section details the estimates and results for the representative migration cities. The 49 largest U.S. MSA’s have their average household carbon
content, representative migration city, and total carbon content from migration calculated for the years 1992, 2000, and 2008. All estimates use the
top 49 largest metropolitan areas in the US. These are the cities which have
the best available data for emissions at the household and individual level.
First, all representative migration cities are calculated by taking the shares
of out-migration and multiplying by household level emissions. Figure 11 in
the appendix details the findings for 2008. Each MSA is identified by numeric MSA code and name. The second column is the population rank of
the MSA. Within the sample of cities, they are ranked on average population between 1990 and 2010. The fourth column is the carbon emissions per
household of the MSA (origin city). This is for the city listed in the same
row. A household is calculated using a representative number of household
members which is constant for all MSAs. The fifth column is the total number of households moving out of the MSA for 2008. Note that these only
include moves within the sample of MSAs. The sixth column is the per14

household carbon of the representative out-migration city (i.e. the aggregate
substitute to which migrants from the city are going to). For an out-migrant
from the row MSA chosen at random, this is the average new carbon per
household of the destination. For comparison, the seventh column shows
the per-household difference in carbon emissions between the representative
out-migration city and the MSA (Rep MSA.) A positive number indicates
that the MSA has a lower carbon per household emission, and thus each
out migrant on net will add to national carbon emissions. The last column
is the total carbon footprint for migration out of the MSA in millions of
pounds, and the table is sorted by this value. The average net carbon from
out-migration is weighted by that MSA’s out migration to return a total
carbon footprint for all out migration for that year. Positive numbers show
that out-migration (caused by policy or any other reason) increases national
carbon emissions, and negative numbers show that out migration is instead
carbon reducing. The magnitudes are related to the total migration flows
and the other MSAs to which these flows are sent to; some specific cases are
discussed later. In Tables 2 and 3, this same layout is repeated for years 2000
and 1992 to see how metropolitan areas and their representative migration
cities change over time. Note that carbon emissions for these calculations are
in terms of annual emissions added: a result of 10 million pounds means that
the migrants from that year add 10 million pounds of carbon to the national
emissions every year.
What the tables show is that the MSAs with the largest footprint for
out-migration are those cities with relatively low household level emissions
for their region and large total outflows. Los Angeles is at the top of the

15

table for all three years, and for 2008 households leaving LA added over 700
million pounds of carbon emissions per year to the national footprint. New
York City and Philadelphia in the northeast, Chicago in the Midwest, Miami
in the Southeast, and Seattle in the Northwest all have similar roles in the
regions, though have a much smaller outflow and a lower household emissions
differential with their representative out-migration cities, and thus a lower
footprint. This is not always the case, however, and the migration network
plays a large role in carbon footprint from migration. For example, Miami
is ranked 5th in carbon footprint from out migration at 177 million annual
pounds per year, despite having almost identical household emissions as Salt
Lake City, which is ranked 19th in this table and is carbon saving in outmigration. Also notable is that NYC started off in the middle of the pack
in 1992, almost carbon neutral, but has risen to the second highest footprint
for leavers at over 477 million pounds of carbon in 2008.
The bottom of the table, occupied by those cities most carbon-saving
in out-migration, is occupied primarily by MSAs in the south. Atlanta,
Washington DC, Houston, and Dallas are all near the bottom, and thus
are carbon-saving from their out-migration. Oklahoma City, Boston, and
Las Vegas are also notable examples from other regions, though to a lesser
extent. Again it is interesting to see the role of the migration network at
play. Washington DC is a close second in terms of carbon saving from outmigration, coming in at a 230 million annual pounds per year reduction,
even though it has lower per household emissions than San Antonio, which
is essentially carbon neutral in out-migration. Boston is an interesting case
because most of its representative out-migration city is New York City, and so
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becomes grouped as a high-emission city due to its proximity and migration
flow relationship with one of the lowest-emission cities.
Next are the results for representative in-migration cities. This represents
the emissions for migrants to a city. High-emission cities have a high inmigration footprint. The same tables are constructed for 2008, 2000, and
1992. Southern MSAs dominate the top of the list. The magnitudes have
changed but the regional pattern remains similar. Again NYC goes from
being an average footprint city in 1992 to a low-emission city in 2008.
Two-City Model
Attention is now turned to the two-city model. MSAs with the highest addition to the carbon footprint, either with a low carbon footprint for
leavers or a high carbon footprint for newcomers, are ones which would want
the highest housing regulations, all else equal, if the goal is reducing the
overall carbon footprint of the US. This would provide the most incentive for
households to migrate away from these high emissions MSAs and provide disincentives for migrants to move to these MSAs. There can also be gains from
the intensive margin, as stricter zoning can reduce carbon emissions within
the city. Unfortunately, according the Wharton Regulation Index, the reality
is almost exactly the opposite. LA, which has far and away both the highest contribution to carbon footprint from out-migration and highest carbon
footprint savings from in-migration, is the city with far and away the highest
Wharton index value, meaning it is the strictest on new housing development.
San Francisco, San Diego, Seattle, San Jose, NYC and Miami are all near the
top of the regulation list and the top in terms of their contribution from outmigration to carbon footprint and savings from in-migration. Those MSAs
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which are the most carbon-saving from out-migration and carbon-costing
from in-migration (standing to reduce emissions the most on the extensive
margin), Atlanta, Dallas, Washington DC, and Oklahoma City, are at the
very bottom of the Wharton index, meaning they are the most friendly towards new housing development. This confirms the conjecture of Glaeser
and Kahn (2010). Regression results for Figure 2 are shown in Figure 17 in
the appendix.
Figure 2: Wharton Regulation Index and Carbon from In-Migration
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Next special attention is paid to both high-emission and low-emission
cities. The high-emission cities to be examined are Atlanta, Washington DC,
and San Antonio. These three are selected to show the differing influences
of migration flows and within-city carbon emissions on total footprints. Inmigration is considered for these cities. Los Angles is selected as the lowemission city. Out-migration is considered for LA.
Atlanta, Georgia
Atlanta is a prototypical high-emission city by the known factors which
increase per-household carbon emissions: It is located in the south, people
spend a lot of time driving, and people live in large houses. As noted in
Mangum (2017), Atlanta is near the top of MSAs in terms of carbon from in
home sources and from driving. In terms of migration flows, Atlanta was near
the top of the list in total households migrating to it (nearly 42,000 in 2008).
All of these factors combine to make Atlanta the dirtiest MSA in the country
in 2008 in terms of carbon emissions from in-migration. Note that when
discussing migration for a particular MSA, only the migration to and from the
top 49 MSAs are considered as a base. 10% of Atlanta’s in-migrants means
10% of the total in-migrants from the 48 other MSAs used for the sample.
For most cities in the sample, the top 48 other MSA’s constitute nearly all
of the migration flows. Where are the households moving to Atlanta coming
from? For 2008, about 17% of Atlanta’s in-migrants in the city sample come
from New York City, and about 14% come from Miami. After these two, no
other MSAs represent more than 5% of Atlanta’s in-migrants. The difference
in annual household carbon emissions for Atlanta and NYC is over 15,000
pounds per year; in other words, Atlanta households emit 50% more carbon
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than NYC households. The difference in annual household carbon emissions
for Atlanta and Miami is over 12,000 pounds per year; households in Atlanta
emit around 36% more carbon than households in Miami. Accounting for just
over 30% of Atlanta’s in-migrants, NYC and Miami account for over 40% of
its carbon emissions from in-migration. So over 160 million pounds of annual
carbon emissions was added by movers from Miami and NYC to Atlanta in
2008. Los Angeles, with one of the lowest carbon emissions per household,
accounts for around 5% of Atlanta’s in-migration (1,900 households in 2008).
L.A. accounts for over 10% of the carbon contribution from Atlanta’s inmigration. The per-household carbon emissions in Atlanta is 93% higher
than in L.A., a gap of around 22,000 pounds per year. If L.A. were to send a
similar amount of households to Atlanta as NYC does, this would mean an
additional 5,000 households moving from L.A. to Atlanta and would increase
national annual carbon emissions by 110 million pounds. Figure 3 details
Atlanta’s in-migration in households for 2008, while Figure 4 details Atlanta’s
in-migration carbon contributions for 2008. Atlanta’s carbon contributions
from in-migration for 2000 and 1992 can be found in the appendix.
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Figure 3: Atlanta Representative In-Migration City 2008

Figure 4: Atlanta In-Migration Carbon Differentials, 2008
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Washington, D.C.
Washington DC has consistently contributed one of the highest carbon
totals from in-migration, despite being significantly cleaner in terms of carbon emissions per-household than other cities near the top of in-migration
footprint. In 2008 DC had a per household carbon emission of 38,375 pounds.
By comparison, Atlanta had a per-household carbon emission of over 45,500
pounds, and Dallas, Houston, Charlotte, and Austin, all cities near the top
of in-migration carbon footprint, all had per-household emissions between
42,000 and 45,000 pounds per year. Despite being lower emission than these
cities, Washington DC has a large in-carbon footprint because of its migration network, as shown in Figures 5 and 6. The biggest migration senders
to DC are Baltimore and NYC, and they have significantly lower emissions
per household (32,227 and 30,157 respectively.) This means that these two
channels of migration contribute more than half of DC’s in-migration carbon
footprint, adding 120 million pounds of carbon per year in 2008. Washington
DC’s carbon contributions from in-migration for 2000 and 1992 can be found
in the appendix.
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Figure 5: Washington D.C. Representative In-Migration City 2008

Figure 6: Washington DC In-Migration Carbon Differentials, 2008
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San Antonio, TX
San Antonio is an interesting city and another example of the importance
of the interplay between migration network and per-household emissions. In
2008, San Antonio had a per-household emission of 39,994 pounds per year;
this is higher than that of Washington DC. However, the carbon footprint of
in-migration in San Antonio was only 40 million pounds per year, or about
17% of the footprint from in-migration for Washington DC. Its top 3 migration senders, Austin, Houston, and Dallas (see Figure 7) are all higher than
San Antonio in per-household emissions. The in-carbon footprint for these
cities is -25 million pounds per year for 2008. Relative to its Texas neighbors, San Antonio is a low-emission city, and so is actually carbon-reducing
for these migrants. However, the carbon footprint for movers from Los Angeles to San Antonio is around 21 million pounds per year, or over half of the
total net footprint for San Antonio’s in-movers. Riverside and San Diego are
also large contributors to the in-migration footprint, 9 million pounds per
year and 6 million pounds per year respectively, despite only being 3% each
of the total in-movers to San Antonio. San Antonio’s carbon contributions
from in-migration for 2000 and 1992 can be found in the appendix.
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Figure 7: San Antonio Representative In-Migration City 2008

Figure 8: San Antonio In-Migration Carbon Differentials, 2008
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Los Angeles, California
L.A. is a low-emission city and contributes to carbon emissions through
out-migration. Thus the representative out-migration city will be used for
L.A. In 2008, L.A. had a per-household emission of 23,590 pounds per year,
one of the lowest in the country. Homes in Los Angeles don’t require much
cooling and heating, and the sources of electricity and heating are low carbon
in California. Each year 100,000 households migrate out of L.A., and the
destination cities have on average 6400 pounds per ear higher emissions per
household. The total annual carbon increase from out-migration for L.A. in
2008 was over 700 million pounds. Almost half of the out-migrants are to
other cities in California, mostly Riverside, San Diego, and San Francisco.
Only a small part of the total carbon footprint comes from these cities.
Destinations which receive a smaller portion of the out-migrants from L.A.,
such as Las Vegas, Phoenix, and Dallas, and Atlanta as we say previously,
all have very large carbon footprints. A small percent of L.A.’s migration is
still a very large number of households, and the increase in carbon emissions
can be nearly double.
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Figure 9: L.A. Out-Migration City 2008

Figure 10: L.A. Out-Migration Carbon Differentials, 2008

27

5. Conclusion
This paper investigates the relationship between the intercity migration
network in the US and carbon emissions at the household level. It’s not
simply the case that some cities are cleaner than others in emissions, but
as people move from city to city, they affect the overall carbon output of
the country. Thus is it important to know not only the emissions levels
of cities, but also their relative position in the migration network and the
carbon emissions associated with migration. Certain cities, notably Atlanta
and Washington, DC are in a position where they receive many migrants
from other cities and have a high per-household emissions factor, and thus
growth in these cities increases total carbon output. Certain cities in a
large part of the migration network can vastly improve the national carbon
footprint by attracting people to migrate there from higher emission cities.
Los Angeles, Chicago, and New York City are particularly striking examples
of this phenomena, together reducing the annual national carbon footprint by
nearly one billion tons per year from in-migration. When it comes to policies
which can affect internal migration, we see from analysis using the Wharton
Regulation Index that current housing policies greatly add to national carbon
emissions on the extensive margin, since the places which are most carbonsaving as destinations are those more heavily regulated than the cities which
are most carbon-saving as origins of movers. In the attempts to reduce
total national carbon footprint, the ultimate way to reduce the consequences
from climate change, it is clear that policies must be aimed at both the
household emissions margin and the migration flow margin. Attempting
to tax or regulate cities such as New York City or Los Angeles will cause
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a substantial increase in total national carbon from migration sources. In
2018, a new regulation was passed in California which requires new homes
to be constructed with solar panels, with an increased construction cost z1
estimated between $8,000 to $12,000 per house (Penn 2018). It was passed
by unanimous vote by the California Energy Commission with wide public
approval. While sure to provide some energy savings from solar energy, the
increase to an already regulated and expensive housing market is sure to
have trade-offs not considered by the commission. The gains come in an
area which has the best climate and thus lowest need for in-home energy,
and replaces energy generated from among the lowest carbon-heavy sources
in the country. The increase in housing costs are sure to drive would-be
movers and some current residents to migrate elsewhere, and migrating out
of California cities will increase the national carbon footprint substantially.
Local policies passed on their green merit can in fact not be green at all, and
understanding these trade-offs in terms of energy use and migration flows is
the key to evaluating such policies now and in the future.
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Appendix
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Figure 11: Representative Cities 2008

31

Figure 12: Representative Cities 2000
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Figure 13: Representative Cities 1992
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Figure 14: In-Representative Cities 2008
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Figure 15: In-Representative Cities 2000
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Figure 16: In-Representative Cities 1992
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Figure 17: Regression Results for Wharton Regulation Index
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Figure 18: Summary of Assigned Carbon Per Household
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Figure 19: Washington D.C. In-Representative Carbon Differential, 2000

Figure 20: Washington D.C. In-Representative Carbon Differential, 1992
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Figure 21: San Antonio In-Representative Carbon Differential, 2000

Figure 22: San Antonio In-Representative Carbon Differential, 1992

40

Figure 23: Atlanta In-Representative Carbon Differential, 2000

Figure 24: Atlanta In-Representative Carbon Differential, 1992
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