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Motivation 1: GDP Urbanization Correlation
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Urbanization and GDP in 2015

→ Growth causes cities, or cities cause growth? Does migration cause urbanization?



Motivation 2: Rural Urban Gaps

Source: Vollrath from Caselli (2005) Source: Bryan and Morten 2019

→ Movement frictions, selection, amenity differences



Motivation 3: Existence of Cities

→ Is it, low productivity in cities, or people cannot get to cities?



Motivation 4: Urbanization is Coming
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→ How should this be managed? Will it be accompanied by a boom in incomes?



Motivation 5: Climate Change Variability
Figure 2: Expected impact of climate change on average crop yields (left) and the
standard deviation of crop-yield changes (right) in SSA between 2000 and 2080

Panel A: Change in average crop suitability. Panel B: Location-level standard deviation.

Notes: Panel A shows the level changes in average potential yields between 2000 and 2080. Panel
B shows the standard deviation of the crop-level yield changes within cells. See Section 2 and
Appendix A for details, and Figure B.6 for Panel A in relative changes.

less suitable for agriculture, with average yields declining by 3 tonnes/ha (50 percent
of average yields) or more. However, other locations will become more suitable and
to a similar extent. This finding contradicts a general view of climate change as a
spatially homogeneous shock.

To illustrate the heterogeneity across crops, Panel B of Figure 2 documents the
dispersion of climate change effects at the cell level (in standard deviations of DAk

i ).
The changes in yields are not homogenous across crops, differentially shifting the
relative ranking of crop suitabilities within cells. Hence, climate change will affect
agricultural comparative advantages heterogeneously across both space and crops.

Thus, adjusting crop choices is a potential coping margin for affected farmers in
SSA. However, the extent to which such Ricardian production adjustments can take
place in SSA depends on the strength of these natural comparative advantages in
shaping effective agricultural production. The next empirical fact provides evidence
that such a mechanism indeed exists and emphasizes the importance of embedding it
in my theoretical framework.

Fact 2: Natural crop suitability closely explains the patterns of crop specialization
across SSA, as well as crop trade between countries (but subject to frictions).

Figure 3 Panel A documents a positive correlation between observed production and
the GAEZ yields in 2000. It plots the linear fit of effective crop production on average
crop yields at the country level, both in logs and net of crop and country fixed ef-

10

Source: Conte 2024

→ No problem, just move, or migration is a negative impact of climate change?



Why Model Migration?

I am going to talk about a model of migration. Four goals of the model

1. Measurement (e.g., how costly is migration?)

2. Interpretation (e.g., why cities?)

3. Prediction (e.g., where will people move in response to CC)
▶ Positive or normative

4. Policy (e.g., are people in the right places?)

However: makes a lot of simplifications. We’ll come back to these later.



Outline

Measurement: Migration Costs

Interpretation: Spatial Gaps

Prediction: Migration and Climate Change

Policy: To Much Migration?



Simple Model: Spatial equilibrium

Spatial equilibrium guides thinking about migration

▶ Places have characteristics
▶ Productivity, amenity, cost of living, cost of moving...
▶ Could be endogenous or exogenous

▶ People migrate in response to utility differences across space.
▶ An equilibrium occurs when marginal migrant is indifferent

▶ Indifference restored after a “shock” by
▶ Selection
▶ Endogenous change in wage, amenity and/or cost of living



Simple Model: Migration Choices

Locations can be “o”, or “d”. Migrants take location characteristics as exogenous

▶ Wages per unit of human capital (ωd)

▶ Schooling availability (ho)

▶ Rents (rd)

▶ Amenities (αd)

▶ Migration costs (cod)

Person i ’s indirect utility of being in d if born in o:

V i
od =

ωdαdho
rdcod

ϵio =
Vdho
cod

ϵio

(Why this functional form? It plays nicely when we try to aggregate below)



Simple Model: Migration Choices
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Simple Model: Migration Choices
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Shock - VU ↑
▶ Selection restores equilibrium



Simple Model: Migration Aggregates

Assume ϵd is drawn from Fréchet (extreme value type II)

▶ Why 1: Closed under max - still Fréchet after conditioning!

▶ Why 2: Gives log linear gravity (Gumbel is linear)

Prob someone from o moves to d

πod =
(Vd/cod)

θ∑
d ′(Vd/cod)θ

=
(Vd/cod)

θ

Φo

Note four things:

▶ Gravity: People are drawn to high V locations, but pull weakens with distance

▶ Dispersion: θ (↑ means less dispersion) governs migration response

▶ Human capital: ho is irrelevant (cf. Bazzi et al. ’16, Hsiao ’24)

▶ Migration market access: Φo measures welfare



Model Use 1: Measurement

If coo = 1, then
πoo
πod

=
(Vocod)

θ

V θ
d

and
πdd
πdo

=
(Vdcdo)

θ

V θ
o

Hence, if cod = cdo

πoo
πod

πdd
πdo

= (cod)
2θ ⇒ cod =

(
πoo
πod

πdd
πdo

) 1
2θ

(Head-Ries index for migration)



Model Use 1: Measurement
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Richer countries have lower migration costs - but what are these costs?

▶ Policy Relevant: Credit market failure
▶ Policy Irrelevant (?): don’t like to leave home



Outline

Measurement: Migration Costs

Interpretation: Spatial Gaps

Prediction: Migration and Climate Change

Policy: To Much Migration?



Simple Model: Wage Aggregates

If ϵ is a productivity shock (wageiod = ωdhoϵid), then

wageod = ωdπ
− 1

θ
od ho =

(
cod
αd rd

)
Φ

1
θ
o ho

⇒ wageod
wageod ′

=

(
cod/cod ′

αd rd/αd ′r ′d

)
Note that ωd does not occur. A rise in ωd :

▶ Increases wages for those already in d

▶ Leads to in migration of lower ϵd people.

▶ Fréchet implies these balance

No wage gaps within origin if cod = 1∀d and αd rd = αd ′rd ′



Model Use 2: Interpretation - What explains spatial wage gaps?

By destination

1. Migration costs cod ̸= 0

2. Compensating differentials αd rd ̸= αd ′rd ′

3. Relative educational access
▶ waged ↑ if cod high for low skill origins

→ NOT: relative productivity



Model Use 2: Interpretation - What explains spatial wage gaps?

Table: Consumption, Public goods, Crime, and Pollution By Density

Q1 Q2 Q3 Q4

Private consumption

Finished roof 0.41 0.5 0.67 0.88
Child stunted (low height for age) 0.4 0.4 0.38 0.29

Public goods

Electricity grid 0.39 0.42 0.48 0.72
Health clinic 0.59 0.58 0.62 0.73

Electricity grid 0.39 0.42 0.48 0.72
Health clinic 0.59 0.58 0.62 0.73

Crime

Property crime 0.28 0.31 0.31 0.33
Feel unsafe 0.37 0.39 0.38 0.45

Air pollution

PM2.5 19.45 20.24 18.55 18.15

Source: Gollin et al. 2021

→ Are we left with migration frictions and human capital?



Outline

Measurement: Migration Costs

Interpretation: Spatial Gaps

Prediction: Migration and Climate Change

Policy: To Much Migration?



General Equilibrium: Endogenous Prices

For prediction and policy we have to say how prices change

▶ Prediction: e.g., GE will matter for climate predictions

▶ Policy: e.g., efficiency depends on how markets work

Typical assumptions (examples)

▶ wd = Ad , Ad = ĀdL
γ
d (competitive market, with externality)

▶ rd = Bd , Bd = B̄dL
λ
d (competitive markets, with congestion)

▶ Should also specify how cod comes about, and also αd

Could really choose anything ... but

▶ Tractability: model must work!

▶ Measureability: how do i estimate γ?

▶ Interpretability: What do spacial wage differences represent?



Aside Model Use 2: Interpretation - What Explains Cities?

Cities are a result of

▶ Spatial variation in baseline productivity (Ād), and/or

▶ Agglomeration externalities γ > 1

But only if

▶ Migration costs are not too high, and

▶ Congestion costs are not too high (λ small) otherwise amenities low

▶ Both are, to my mind, migration constraints

Note, wage gaps and small cities have the same explanations ...



Model Use 3: Prediction (positive)922 REVIEW OF ECONOMIC STUDIES

FIGURE 7
Spatial pattern of population and global population

areas the changes in productivity can be even larger. In contrast, in Brazil, Africa, the Mid-
dle East, India, and Australia we observe declines in productivity of up to 80% (30%), in
the RCP 8.5 (6.0) quantification. On average, and again weighting by population in the base-
line scenario, world fundamental productivity declines by 25% (5%) by 2200 due to rising
temperatures.

The geographic configuration of amenities and productivities determines the desirability for
residing and producing in particular regions of the world. As the world becomes warmer, the
regions where amenities and productivity deteriorate see their population decline. The magni-
tude of the decline depends on natality rates and migration costs, as well as their trade network
and other local characteristics. Figure 7 presents population density in 2200 in the RCP 8.5
quantification relative to the counterfactual scenario without global warming. Clearly, global
warming generates migration towards colder places. Areas to the south of the 30◦ latitude in the
Northern Hemisphere tend to lose population, while areas to the north tend to gain. Most of the
developed world (U.S., Europe, and Japan) is just at the boundary and so is not greatly affected.
In two centuries, population density in the north of the world is projected to increase by more
than 83% (18%), whereas locations close to the Equator are projected to experience declines in
population density as large as 32% (9%), in the RCP 8.5 (6.0) quantification. Note that, although
inflow migration to the coldest regions is large in relative terms, it is small in absolute terms,
since these areas are only sparsely populated. Overall, the RCP 8.5 (6.0) quantification indicates
that by 2200, 4.4% (1.2%) of the population resides in a different location due to global warm-
ing. More than 483 (132) million people are displaced by this dimension of climate change,
namely global warming, alone!

Global warming not only affects relocation of population across space but also its global
level. In the RCP 8.5 (6.0) quantification, the world population grows until the year 2125 (2123),
reaching a peak of 11.4 (11.4) billion inhabitants, as depicted in Figure 7. Afterward, popula-
tion declines as the world gets richer and natality rates decline. Since natality rates converge to
zero as income grows, global population converges to a stable long-run level. The figure also
presents the United Nations global population estimates. The model’s population predictions for
the first century are somewhat higher than the median estimate by UN (2019), but within the
80% confidence interval. The long-run level of global population estimated by UN (2004) at
9 billions inhabitants is close to our projection in 2400. Global warming has a relatively small
impact on world population, the RCP 8.5 (6.0) quantification predicts that higher temperatures
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Model Use 3: Prediction (normative)

Baseline Cost to Leave Africa
924 REVIEW OF ECONOMIC STUDIES

FIGURE 8
Welfare losses due to global warming

Figure 9 presents, for both RCP quantifications, scatter-plots of the local welfare losses from
global warming versus local real GDP per capita in year 2000. The colours indicate different
areas of the world, and the size of each dot represents the population of the cell also in 2000.
The dashed black lines present the population weighted linear relationship. The linear slope
indicates that, on average, locations with double the level of real GDP exhibit welfare losses
from global warming that are roughly 1.5 (0.2) percentage points lower in the RCP 8.5 (6.0)
quantification. Hence, the poorest regions of the world, mainly located in Sub Saharan Africa
and South East Asia, are expected to undergo the highest warming losses. OECD countries, with
initially high income, are much less affected. China, with its vast and heterogeneous territory,
displays regions with both high and low levels of welfare losses. Our results show that global
warming will exacerbate the already large spatial inequality in the world.48

It is interesting to decompose the effect of global warming by their source: amenity or pro-
ductivity effects. In Online Appendix F, we perform such an exercise and show that both effects
are commensurate, although the effect on amenities is much more heterogeneous across space.
Of course, as we underscore in the next subsection, there is tremendous uncertainty about the

48. The correlation between current income and welfare losses from global warming is robust to different values
of the elasticity of utility to real income. As argued in Supplementary Materials Section L.4, lower values of this param-
eter modify the level of utility, but do not distort allocations. Hence, the slopes displayed in Figure 9 are also positive,
although smaller in magnitude, for lower values of the elasticity of utility to real income.
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FIGURE 12
Welfare impact of climate change with higher costs of migrating from Africa to the RoW

5.1.1. Border frictions. As a consequence of global warming, our model suggests a large
reallocation of population over space, with a large population outflow from tropical areas into
northern latitudes. Congestion and fears of a lack of cultural adaptation in the northern part of
the world might create incentives for policymakers to rise the migration costs of moving to these
regions, particularly for individuals coming from the developing world. For example, migrants
from Africa, one of the regions more severely affected by global warming, might not be given
permission to migrate legally to Europe or the U.S. To study this potential policy reaction, here
we analyse the economic impact of global warming when the cost of moving from Africa to
the RoW increases, keeping migration costs within these regions as in the baseline.54 Note the
difference relative to our previous exercise, in which we homogeneously rose the migration costs
in every location of the world; now we exclusively rise the migration cost of moving from one
region to another.

Figure 12 presents the welfare impact of an increase in 25% in the cost of leaving Africa
from any of its locations, n2(d). The left panel shows that northern regions and Africa itself
are affected the most. Northern latitudes suffer because migrants, and a larger market size, are
essential for their development. Africa is impaired because the higher population density exac-
erbates congestion and reduces wages. The spatial pattern is, in fact, similar to the case with
homogeneous increase in migration costs in Figure 11, albeit with larger losses. The right panel
of Figure 12 displays the evolution of welfare losses for Africa and the RoW. Conditional on the
path of temperature and global population, both Africa and the RoW lose from closing the bor-
der in every period. More stringent border frictions restrict the ability of the world economy to
adjust to climate change by shifting population from more to less affected areas. As with other
migration frictions, border restrictions also decrease the aggregate size of the world economy,
leading to less emissions and smaller damages. This last effect dominates in the short-run once
we incorporate the endogenous response in temperatures.

5.2. Trade

As with migration costs, we study the effect of global increases in frictions that raise the bilateral
iceberg trade costs ς(·, ·) to some power ϑ > 1. Online Appendix G.3 presents these results

54. In Online Appendix G.2, we describe the procedure to incorporate migration costs across a border. We also
present an additional evaluation where we rise the costs of migrating from the developing into the developed world.
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Model Use 3: Calibration

Predicting the impact of climate change is important and hard

▶ Simplifying is necessary

▶ E.g., parameters like γ taken from developed countries

▶ E.g., labor markets assumed to be competitive

But, if these are wrong, it will affect the results

▶ Both positive, and normative



Model Use 3: Density Impact on Productivity

Country Definitions
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Very different narrative:

▶ Urbanization is coming, we must prepare and it could be great

▶ Urbanization has happened ...



Model Use 3: Density Impact on Productivity

Country Definitions
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Model Use 3: Density Impact on Productivity

What must we account for?

▶ Developing world has cities (it is urban by density)

▶ Has larger urban rural gaps

▶ But its cities are far less productive

Many possible explanations

▶ Is γ lower in the developing world?

▶ E.g., informality means smaller effective density?

▶ How does this affect predictions?
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Figure 4. : Impacts of Hiring Shock

Note: Figure compares the distribution of wages, employment spillovers, aggregate employment and self-employment for treat-
ment and control villages, limiting the sample to lean month observations only in panel A, and semi-peak month observations
only in panel B. We report the p-value for the equality of distributions from a Kolmogorov-Smirnov test in the bottom right
corner of each graph.

Labor markets do not appear to be competitive ... Breza et al. 2021



Model Use 3: Summary

Models are important

▶ They must simplify

But, we need to do more to understand whether these simplifications matter

▶ Data collection/experimentation (development economics)

▶ Spatial modelling and simulation (urban economics)



Outline

Measurement: Migration Costs

Interpretation: Spatial Gaps

Prediction: Migration and Climate Change

Policy: To Much Migration?



Model Use 4: Policy - Too much migration?

Source: Duranton and Puga 2004

→ Theory of the second best complicates policy
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parents of migrants; I will continue to refer to them as “parents” for simplicity. 
I then identify rural connections outside the migrant’s origin household, such as 
friends and neighbors, who personally know the migrant. This produces a set of 
dyadic observations of information gaps about migrants’ incomes.

Urban migrants are earning much more than their parents and friends at the ori-
gin think they are (see Figure 2). Migrants’ parents underestimate migrant income 
dramatically: on average they report values 48 percent lower than what migrants 
themselves report ( p < 0.001). Friends and neighbors also underestimate migrant 
income, by 32 percent ( p = 0.12) on average.9

The results shown in Figure 2, panel A suggest that the information asymmetry is 
speci"c to migrants. Parents do not underestimate the earnings of family members 
working locally in the village. This is unsurprising: parents and their adult children 
typically work in the same labor markets, and hiding income is more dif"cult for 
individuals living within the same household.

9 If migrants overstate their income to surveyors (but parents and other rural connections do not), the size of the 
reporting gaps will be biased upward. Surveyors were instructed to explain to each respondent that surveys were 
purely for research purposes and that no future cost or bene"t to the respondent would result from participation. 
Additionally, bias will only be generated if migrants  overreport but household heads do not. Another possibility 
is that perceptions in the village are anchored to average migrant income, and the reference period in my survey 
happened to include a positive aggregate shock to actual migrant incomes. I do not think this is likely: I observe 
substantial reporting gaps in yearly income (diff. = 41 percent;  p < 0.01), and within two separate reference 
months about one year apart (diff. in March 2019 = 34 percent;  p = 0.01).

Figure 1. Villagers Underestimate  Big-City Incomes

Notes: Beliefs measured from 222 rural households in Kenya. Actual incomes are measured using 2006 KIHBS 
microdata. Income includes salary, casual labor income, household enterprise revenue, and transfers.  Price-de2ated 
perceived and actual incomes computed using perceived food price ratios (from household surveys) and actual food 
price ratios (from KIHBS) respectively. 90 percent con"dence intervals computed from 1,000 bootstrap samples. 
Measurement details can be found in online Appendix B.
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If villagers also underestimate urban prices, perceptions may be more accurate 
in real terms.10 Three pieces of evidence suggest that this is not a major concern 
(see online Appendix Figures E1 and E3). First, underestimation is just as severe 
for perceived income net of perceived rent (50 percent underestimation;  p < 0.01). 
Second, villagers underestimate migrants’ savings by 48  percent on average 
( p < 0.01). Third, beliefs about food prices across cities are reasonably accurate, 
and if anything point to overestimation of prices in Nairobi.

II. Does a Lack of Information Impede Migration?

Does providing villagers with information about urban labor markets affect their 
migration decisions? I conducted a randomized controlled trial in which I provided 
information about three medium to large Kenyan cities to households in rural Kenya. 
I refer to this as the Urban Labor Market (ULM) experiment.

A. Setting and Experimental Design

The ULM experiment was conducted with 497 rural households in Kenya. 
Villages were "rst selected by local survey staff, ensuring that they were no more 
than two hours away from Bungoma Town, the nearest city, by car and that they 

10 Even with data on  location-speci"c prices and price beliefs, it is not straightforward to de#ate nominal 
beliefs. If villagers underestimate urban amenities, this will re#ect in low beliefs about prices. Paired data show 
that rural household heads do underestimate their migrants’ access to certain urban amenities (see online Appendix 
Table E2), including the prevalence of improved toilet facilities (by 15 pp on a base of 57 percent;  p = 0.01) and 
improved fuel sources (by 25 pp on a base of 73 percent;  p < 0.01).

Figure 2. Migrants’ Parents and Friends Underestimate Their Incomes

Notes: Data from household, migrant, and network surveys in 2018. Parent is the head of the worker’s origin house-
hold. Friends are friends, former classmates, and neighbors of migrants. Worker is the person earning the income in 
question, whether an urban migrant or a household member working locally. All respondents were asked to report 
the worker’s income in a "xed reference month. Earnings include wages from formal and casual labor, and pro"ts 
from businesses owned by the worker, but exclude farming income. Con"dence intervals are shown for the differ-
ence between reported income and true income. Online Appendix Figure E2 shows a  scatter-plot of migrant and 
parent reports of migrants’ incomes.
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→ Is this enough to say cities are too small?



Conclusions

Understanding migration is important to understand key development questions

▶ What will happen with climate change?

▶ What explains spatial inequality?

▶ Should there be more small cities?

Spatial models are essential to answering these questions

▶ No reduced form approach will tell us about climate!

But, development countries are characterized by market frictions

▶ We need more work that combines

▶ In country, data intensive measurement of frictions (development economics)

▶ With spatial models (urban economics)
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