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Motivation

• Relationship between international trade and economic development
is widely-debated in trade and development economics

– To what extent does international trade promote structural
transformation and economic development?

– What is the spatial incidence of international trade shocks?
– What role do internal trade costs play in the transmission of these

international trade shocks?

• We provide new theory and evidence using Argentina’s emergence
into the global economy in the late-19th century

– Reductions in internal and external transport costs from steam railroads
and ships and new technologies such as refrigeration

– Spatially-disaggregated data by region and sector from 1869-1914
– Quantitative model that emphasizes the interaction between structural

transformation across sectors and internal trade costs across regions
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Main Findings
• Economic development involved major changes in the spatial and

sectoral distribution of economic activity
– Population density sharply decreasing in distance from leading ports
– Gradient greater for urban population density and steepens over time
– Causal impact of railroads on level and composition of economic activity

• Develop a theoretical model to account for this reduced-form evidence
that emphasizes a spatial Balassa-Samuelson e�ect

– Locations with better access to world markets have higher population
densities, higher urban population shares, higher relative prices of
non-traded goods, and higher land prices relative to wages

– These locations specialize in most transport-cost sensitive traded goods

• Structurally estimate the model’s parameters
• In counterfactuals, �nd substantial impacts of external and internal

integration on economic development
– Reductions in transatlantic freight rates from 1869 to 1914 raised

Argentina’s GDP, population, and welfare by 17.7%, 13.8%, and 7.1%
– Construction of the railroad network increased GDP, population, and

welfare by 12.8%, 9.4%, and 4.8%
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Outline

• Historical Background

• Data

• Reduced-form Evidence

• Theoretical model

• Structural Estimation

• Counterfactuals
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Historical Background
• During Spanish colonial rule, economic activity orientated towards

the North-west, with o�cial trade routines through Panama
• In response to encroaching Portuguese settlement, Viceroyalty of the

Río de la Plata established in Buenos Aires in 1776
• Following local seizure of power in 1810 during Napoleonic Wars,

opening of direct trade with third nations from Buenos Aires
• From this point onwards, Buenos Aires and its surrounding ports

emerge as Argentina’s leading trade hub
• With late-19th century reductions in internal and external trade costs,

Argentina experienced one of the largest recorded export booms, with
agriculture accounting for > 99% exports
• Rapid economic development from 1869 to 1914

– Total population rose from 1.8 to 7.9 million
– Share of employment in agriculture fell by 7 percentage points
– Share of urban population rose by 20 percentage points
– Argentina became the eighth richest country in the world by 1914
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Data

• Population census data 1869, 1895 and 1914
– 380 districts and 23 provinces based on constant (1895) boundaries
– Total population, rural population (agriculture) and urban population

(non-agriculture)
• Spatially-disaggregated data on agriculture for 1895 and 1914

– Cultivated area for crops
– Numbers of livestock
– Number and value of agricultural machines

• Internal railroad data
– Rail network 1869, 1895 and 1914
– Location of railway stations
– Quantities loaded at each railway station

• International trade data
– Trade by disaggregated product and foreign country
– Trade by disaggregated product and Argentinian customs

• Other geographical information systems (GIS) data

7 / 35



Population Density
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Reduced-Form Empirical Evidence

• Establish a number of stylized facts about patterns of economic
development in Argentina that guide our theoretical model below

1 Steep gradient in population density with resect to distance to ports
2 This gradient is larger for urban than for rural population density

ln Yit = at + bt ln(distporti) + uit

• Consider top-four ports that account for more than 75 percent of
export value throughout our sample period: Buenos Aires, La Plata,
Rosario and Bahía Blanca
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Geographical Access to World Markets

TABLE 1
Population Density, Structural Transformation, and Geographical Access to World Markets

Log
Population
Density,
1869

Urban
Population

Share,
1869

Log Growth
Population
Density,

1869–1914

Change Urban
Population

Share,
1869–1914

Log
Wage-Rental

Ratio,
1895

Log
Relative Price
of Tradeables,

1895

Share Cereals
Cultivated

Area,
1914

(1) (2) (3) (4) (5) (6) (7)

Log distance top-four
port 2.414*** 2.046*** 2.445*** 2.059*** 1.158*** .153*** 2.085***

(.089) (.014) (.048) (.013) (.168) (.049) (.019)
Observations 298 298 298 298 80 64 240
R2 .085 .041 .238 .068 .420 .177 .118

Note.—Observations are a cross section of Argentinian districts for a given year. Log population density is the log of the population per unit of land
area. Urban population share is the share of the population living in cities and towns, as measured by the population census. Log wage-rental ratio is the
log of the wages of agricultural laborers minus the log of the value of land per hectare for 1895, as discussed in sec. A.6 of the appendix. Log relative price
of tradeables is the log tradeables consumption price index minus the log overall consumption price index, as constructed with data on the prices of
traded goods, aggregate household expenditure shares, and the value of land per hectare for 1895, as discussed in sec. A.6 of the appendix. Share cereals
cultivated area is the share of agricultural land in each district used for barley, linseed, maize (corn), oats, rice, rye, sorghum, and wheat in 1914, as dis-
cussed in sec. A.6 of the appendix. The data on agricultural wages, traded-goods prices, and agricultural land are available for only a subset of districts,
which explains the smaller number of observations in cols. 5–7. Distance top-four port is the geographic (great-circle) distance from the centroid of each
district to the nearest top-four port (Buenos Aires, Rosario, La Plata, or Bahía Blanca). Heteroskedasticity robust standard errors are in parentheses.
*** Significant at the 1% level.
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Reduced-Form Empirical Evidence

3 Positive and statistically signi�cant relationship between population
density and railroad access

∆ ln Yi,1914−1869 = a+ c(raili,1914) + d1 ln (areai)
+ d2lati + d3longi + d4 ln Yi,1869 + ui

• We address the concern that railroads could have targeted interior
regions that would have grown more rapidly even without railroads
• Instrument railroad access using the frequency a district is along

– Least-cost paths to top-four ports
– Spanish colonial postal routes
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Population Density and Railroad Access

Table 2 presents the results of estimating the second-stage regres-
sion (2) for population growth. In column 1, we report the results of es-
timating this specification with OLS and measuring whether a district is
connected to the railroad network in 1914 by a dummy variable that equals
one if a district has one or more railroad stations and zero otherwise. We
find a positive and statistically significant relationship between popula-
tion growth and connection to the railroad network.21 One limitation

TABLE 2
Population Growth and Railroad Access

Log Population Growth, 1869–1914

(1) (2) (3) (4) (5)

Rail connection 1914 .650*** . . . . . . . . . . . .
(.092)

Rail length 1914 . . . .514*** .633*** .717*** .608***
(.036) (.073) (.144) (.073)

Latitude 2.070*** 2.045*** 2.035*** 2.028 2.037***
(.012) (.011) (.013) (.017) (.012)

Longitude .041*** .044*** .043*** .042*** .043***
(.012) (.011) (.011) (.012) (.011)

Log land area 2.016 2.204*** 2.245*** 2.274*** 2.237***
(.039) (.036) (.044) (.061) (.044)

Log population 1869 2.431*** 2.393*** 2.393*** 2.394*** 2.393***
(.069) (.058) (.057) (.057) (.057)

Estimation OLS OLS IV IV IV
Instruments . . . . . . Both Port Colonial

post
First-stage F-statistic . . . . . . 34.39 21.02 59.31
Overidentification test
(p-value) . . . . . . .465 . . . . . .

Observations 298 298 298 298 298
R 2 .437 .574 . . . . . . . . .

Note.—Observations are a cross section of Argentinian districts for a single difference
from 1869 to 1914. Log population growth is the log growth of the total population of each
district. Rail connection 1914 is an indicator that is one if a district has a rail connection
(one or more railroad stations) in 1914 and zero otherwise. Rail length 1914 is the length
of railroads in each district in 1914. Port instrument is the fraction of the surface area of
each district that lies along the least-cost paths from the centroids of all Argentinian dis-
tricts to the top-four ports (Buenos Aires, Rosario, La Plata, and Bahía Blanca). Colonial
post is the length of Spanish colonial postal routes in each district. Latitude is the latitude
of the centroid of a district. Longitude is the longitude of the centroid of a district. Land
area is the total geographical land area of each district. First-stage F-statistic is a test of the
statistical significance of the instruments in the first-stage regression. Overidentification
test is a Hansen-Sargan test of the model’s overidentifying restrictions. In the IV specifica-
tions, the second-stage R 2 is not reported, because it does not have a meaningful interpre-
tation. Heteroskedasticity robust standard errors are in parentheses.

21 In principle, one could distinguish between being connected to the railroad network
and being connected to a top-four port by the railroad network. In practice, almost all of
the districts that have a railroad station in a given year are also connected to one of the top-
four ports in that year, because the railroad network in Argentina radiated outward from
Buenos Aires and the other top-four ports.

1268 journal of political economy
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Theoretical Model
• Economy comprises set of locations ` ∈ L with land area L(`)
• Each location ` consists of a continuum of land plots j ∈ [0, L(`)] with

heterogeneous agricultural productivity
• Workers have one unit of labor and are mobile across locations

∑
`∈L

L(`)n(`) = N .

• Common component of utility de�ned over tradables & non-tradables

u(`) =
[

β
1
σ
T CT (`)

σ−1
σ + (1− βT )

1
σ CN (`)

σ−1
σ

] σ
σ−1

.

• Tradables consumption de�ned over composite manufacturing good
and set of agricultural goods g = 1, . . . ,G

ET (`) = ET
(
{Pg(`)}Gg=1, PM(`)

)
.

• Trade costs {δM(`, `∗), δg (`, `∗)} to trade hub
13 / 35



Labor Markets
• Workers draw idiosyncratic preferences for locations

• First, observe idiosyncratic tastes for Argentina and ROW
• Second, if choose to live in Argentina, observe idiosyncratic tastes for

each location within Argentina
• Supply of workers choosing to live in Argentina (N S (u∗)) is:

N S (u∗) =
1

1 +
(
uRW
u∗

)εINT
NW , εINT > 1

• Conditional on choosing to live in Argentina, the supply of workers
that decide to live in location ` (N (`)) is given by:

N (`) =

(
u (`)
u∗

)ε

N S (u∗) , ε > 1

• Expected utility from living in Argentina (u∗) is:

u∗ =

[
∑
`∈L

u (`)ε

] 1
ε
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Production Technology

• Output per unit of land in each sector is:

qN (`) = κN zN (`)nN (`)1−αN

qM(`) = κMzM(`)nM(`)1−αM

qg,j(`) = κAzg,j(`)ng,j(`)1−αA

• Each land plot is owned by a landowner that decides whether to
allocate it to agriculture, manufacturing or non-tradables
• If the land plot is allocated to agriculture, the landowner learns its

productivity draws for each agricultural good {zg,j(`)}Gg=1

Fg,`(z) = e−Tg(`)z
θ(`)

,

• Tg(`) controls average productivity in agriculture
• θ(`) controls dispersion of agricultural productivity
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Pro�t Maximization Non-Agriculture

• When a land plot is used in manufacturing or non-tradables, land
rents are:

ri(`) = max
ni(`)
{Piqi(ni(`))− w(`)ni(`)} =

w(`)
ωi(`)

,

• Equilibrium wage-rental ratio when there is production in sector i is:

ωi(`) =

(
w(`)

zi(`)Pi(`)

) 1
αi
,

• Equilibrium labor demands and revenue per unit of land are:

ni(`) = 1−αi
αi

1
ωi(`)

,

πi(`) = Pi(`)qi(`) = ri(`)
αi

.
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Aggregation in Agriculture
• When land allocated to agriculture, expected land rents are

rA(`) = E [rj(`)] ,

rj = max
g
{rg,j(`)},

rg,j(`) = max
ng,j(`)

{
P(z; `)qg,j(`)− w(`)ng,j(`)

}
.

• Aggregate measure of agricultural productivity

zA (`) = Γ
(

αAθ − 1
αAθ

)αA
[

G

∑
g=1

Tg (`) Pg(`)θ

]1/θ

,

• Equilibrium expected land rents and labor demand and revenue per
unit of land area are:

rA(`) = E [rj(`)] = w(`)
(
zA(`)
w(`)

)1/αA
,

nA(`) = E [nj(`)] = 1−αA
αA

(
zA(`)
w(`)

)1/αA
,
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General Equilibrium

De�nition A general equilibrium consists of an expected utility u∗; a total
population N ; allocations of population density n(`), land {Li(`)}i=N ,M,A,
and employment density {ni(`)}i=N ,M,A; wages w (`); land rents r (`);
and prices

{
Pg (`)

}G
g=1 , PM (`) , PN (`) for all ` ∈ L

• Workers maximize utility and choose their location optimally
• Producers maximize pro�ts and land is allocated optimally
• Land market clears in each location
• Labor market clears in each location
• Non-tradable goods market clears in each location
• Tradeable goods prices are determined by no-arbitrage
• Expected utility adjusts to clear the labor market for whole economy

18 / 35



Specialization Pattern
• Specialization pattern and land rents determined by (PA = 1)

ω(`) = min
i=A,M,N

{ωi(`)},

ωi(`) =

[
w(`)

zi(`)Pi(`)

] 1
αi
,

• Population mobility[
βT

(
Pi(`)
ET (`)

zi(`)ωi(`)
αi

)σ−1
+ (1− βT ) (zN (`)ωi(`)

αN )σ−1
] 1

σ−1

= u(`).

N (`) =

(
u (`)
u∗

)ε

N S (u∗)

• Land shares for disaggregated agricultural goods

lg(`) = Pr

(
g = argmin

g′

{
ωg′,j(`)

})
=

Tg(`)Pg(`)θ(`)

∑G
g=1 Tg(`)Pg(`)θ(`)

.
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Spatial Balassa-Samuelson E�ect
Proposition
(Spatial Balassa-Samuelson E�ect) Assume that traded and non-traded
goods are complements (σ < 1), agriculture is land-intensive (αN < αA), and
population is mobile within Argentina (ε su�ciently large). Under these
assumptions, low trade-cost locations (locations ` with lower transport costs{

δg (`, `∗)
}G
g=1, δM (`, `∗)) have (i) higher adjusted-agricultural

productivity (z̃A (`)), (ii) higher relative prices of non-traded goods (lower
ET (`) /E (`)), (iii) higher population density (n (`)), (iv) lower agricultural
employment shares (νA (`)), and (v) lower wage-rental ratios.

• Lower transport costs make a location more attractive for producing
and consuming tradeables, thereby raising population density (n(`) ↑)
• This higher population density (n(`) ↑) is absorbed through both

– An expansion in the labor-intensive non-traded sector, which requires a
higher relative price for non-traded goods (EN (`)/E(`) ↑), given
inelastic demand between sectors (0 < σ < 1)

– A switch to more more labor-intensive techniques in both sectors, which
requires a lower wage-rental ratio (ω(`) = w(`)/r(`) ↓)
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Production Cost Parameters (Step 1)

• Estimate (αA, αN ) using model’s predictions for wage-rental ratio

ω (`) =
w (`)

r (`)
=

(1− αA) (1− αN )

αN (1− αA) + (αA − αN ) νA (`)

1
n (`)

• Consistent with the nontraded sector being labor intensive, we
estimate labor shares of (1− αA) = 0.39 and (1− αN ) = 0.58
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Demand Parameters (Step 2)

• Estimate elasticity of substitution (σ) and weight of tradeables (βT )
using relationship in the model between tradeables expenditure share
(sT (`)) and relative tradeables price index (ET (`)/E(`))

ln sT (`) = ln

[
(1− αN ) νA (`)

(1− αA) + (αA − αN ) νA (`)

]
= κ0 + κ1 ln

(
ET (`)
E (`)

)
+ ln hT (`)

• From spatial Balassa-Samuelson e�ect, transport costs to world
markets are a valid instrument for the relative tradeables price index
• Instrument the relative tradeables price index using a measure of

travel time to the nearest top-four port based on colonial postal routes
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Demand Parameters (Step 2)

In column 1 of table 3, we report the results of estimating equation (40)
with OLS. We find a positive and statistically significant relationship
between the agricultural employment share and the relative price of
tradeables. Consistent with the model’s assumptions, we find an implied
elasticity of substitution of less than one (j 5 0:65), and an implied
weight of tradeables in consumer expenditure of bT 5 0:75. One poten-
tial concern about this specification is that unobserved local preference
shocks for tradeables in the error term (h T‘) could affect both the ag-
ricultural employment share (nA‘) and the relative tradeables price
index (ET‘=E‘). From the spatial Balassa-Samuelson effect in the model,
transport costs to world markets are a valid instrument for the relative
tradeables price index. Therefore, we instrument the relative tradeables
price index by using a measure of travel time to the nearest top-four
port. To address the concern that travel time could be influenced by the

TABLE 3
Tradeables Expenditure Share (s

T‘) and Relative Tradeables

Price Index (E
T‘/E‘)

Log Share of

Tradeables in

Expenditure (sT‘)

Log Relative Price

of Tradeables

(ET‘/E‘)

(1) (2) (3)

Regression constant (k0) 2.293*** 2.263*** 23.576***
(.042) (.055) (.535)

Log relative price of tradeables
(ET‘/E‘) (k1) .350*** .506* . . .

(.124) (.272)
Log IV travel time top-four port . . . . . . .255***

(.041)
Implied j .650 .494 . . .
Implied bT .746 .768 . . .
Estimation OLS IV (second stage) OLS (first stage)
Observations 63 63 63
R2 .11 . . . .381
First-stage F-statistic . . . . . . 38.38

Note.—Observations are a cross section of Argentinian districts for which data on the
tradeables price index (ET‘) and overall price index (E‘) are available. Log share of
tradeables in expenditure (sT‘) is measured using the model’s predictions and the ob-
served agricultural employment share (nA‘), as in eq. (40). Log relative price of tradeables
(ET‘=E‘) is measured using aggregate household expenditure shares, prices for traded goods,
and land values per hectare as a measure of housing costs. IV travel time top-four port is the
lowest-cost travel time to the nearest top-four port (Buenos Aires, Rosario, La Plata, or Bahía
Blanca) using a transport network consisting of colonial postal routes (weight 1), coast/nav-
igable rivers (weight 3), and land (weight 4.5). First-stage F-statistic is a test of the statistical
significance of the instruments in the first-stage regression. In the IV specification, the second-
stageR 2 is not reported, because it does not have ameaningful interpretation.Heteroskedas-
ticity robust standard errors are in parentheses.
* Significant at the 10% level.
*** Significant at the 1% level.
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Population Mobility Parameters (Step 3)

• Estimate domestic population mobility parameter (ε) using domestic
population mobility condition

ln n (`) = κn+
ε

1 + ε
ln

[
r (`)

[αN (1− αA) + (αA − αN ) νA (`)] E (`)

]
+hn (`)

• Instrument real income on RHS using a measure of travel time to the
nearest top-four port based on colonial postal routes
• Estimate the international population mobility parameter (εINT ) using

the international population mobility condition
– Relates Argentina’s share of the world population (Nt/NW

t ) and relative
expected utility (u∗t /uRWt )

– Proxy relative expected utility using relative real GDP per capita
• Obtain estimates of ε = 4.73 and εINT = 2.02
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Demand Parameters (Step 3)

ln n‘ 5 kn 1
ε

1 1 ε
ln

r‘
aN 1 2 aAð Þ 1 aA 2 aNð ÞnA‘½ �E‘

� 
1 h‘n,

(41)

where the constant is given by kn 5 N 1=ð11εÞ½ð1 2 aAÞð1 2 aNÞ=u*�ε=ð11εÞ,
the term in curly brackets corresponds to real income in each location,
and the stochastic error (h‘n) captures measurement error in the overall
consumption price index (E‘).
We estimate this population mobility condition (eq. [41]) by using the

same measure of the overall price index (E‘) used in step 2 above for the
63 districts for which these data are available. We again use the value of
land per hectare as a measure of land rents, assuming a constant propor-
tional relationship between land rents and land values, which is ab-
sorbed into the constant kn. In column 1 of table 4, we report the results
of estimating equation (41) with OLS. As predicted by the model, we
find a positive and statistically significant relationship between popula-
tion density and real income, with an implied preference dispersion pa-
rameter of ε 5 2:81.
As in the previous subsection, one potential concern with this specifi-

cation is that the measurement error (h‘n) could be correlated with the
expression for real income in curly brackets. Again, the spatial Balassa-
Samuelson effect in themodel implies that transport costs to worldmarkets

TABLE 4
Population Density and Real Income

Log Population Density (n‘) Log Real Income

(1) (2) (3)

Log real income .738*** .826*** . . .
(.118) (.153)

Log IV travel time top-four port . . . . . . 21.078***
(.163)

Implied preference dispersion (ε) 2.811 4.733 . . .
Estimation OLS IV (second stage) OLS (first stage)
Observations 63 63 63
R2 .52 . . . .39
First-stage F-statistic . . . . . . 43.69

Note.—Observations are a cross section of Argentinian districts in 1895 for which data
on the overall price index (E‘) are available. Population density (n‘) is observed in the data.
Real income is a model prediction based on the observed agricultural employment share
(nA‘), value of land per hectare (r‘), and overall price index (E‘). IV travel time top-four port
is the lowest-cost travel time to the nearest top-four port (Buenos Aires, Rosario, La Plata, or
Bahía Blanca) using a transport network consisting of colonial postal routes (weight 1),
coast/navigable rivers (weight 3), and land (weight 4.5). First-stage F-statistic is a test of
the statistical significance of the instruments in the first-stage regression. In the IV specifi-
cation, the second-stage R 2 is not reported, because it does not have a meaningful interpre-
tation. Heteroskedasticity robust standard errors are in parentheses.
*** Significant at the 1% level.
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Expected Utility (Step 4)

• Calibrate expected utility in Argentina in each year (u∗t ) such that the
model is consistent with GDP in 1914 prices (Cortes Conde 1994)

Yt = ∑
`∈L

yt (`) L (`)
Et (`)

=
u∗t

N
1
ε
t

∑
`∈L

(1− αA) + (αA − αN ) νAt (`)

(1− αA) (1− αN )
L (`)

ε+1
ε nt (`)

ε+1
ε

• where yt (`) = wt (`) [nt (`) + 1/ωt (`)] is nominal income per unit
of land and Et (`) is overall price index
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Model Inversion (Step 5)

• Given parameter estimates, (αA, αN , σ, βT , ε, εINT , u∗t , uRWt ), recover
unique values of location characteristics (z̃At (`), zNt (`), nt (`),
νAt (`)) consistent with the data being an equilibrium of the model

ETt (`)
Et (`)

=

(
1

βT

(1− αN ) νAt (`)

(1− αA) + (αA − αN ) νAt (`)

) 1
1−σ

ω (`) =
w (`)

r (`)
=

(1− αA) (1− αN )

αN (1− αA) + (αA − αN ) νA (`)

1
n (`)

z̃At (`) =
zAt (`)
ETt (`)

=
u∗t

ωt (`)
αA

(
Nt (`)

Nt

)1/ε 1
(ETt (`) /Et (`))

,

zNt(`) =
u∗t

ωt (`)
αN

(
Nt (`)

Nt

)1/ε

 1− βT

1− βT

(
ETt (`)
Et (`)

)1−σ


1

1−σ
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Land Shares (Step 6)
1 Estimate impact of railroad network on relative technology-adjusted

prices for disaggregated agricultural goods in 1914

lgt (`) = µgtτt (`, `
∗)φg lat (`)κg long (`)ϑg hgt (`)

2 Use these estimates and the observed change in the railroad network
going backwards in time to 1895 and 1869 to estimate the change in
technology-adjusted prices at Argentina’s trade hub and hence the
change in aggregate agricultural productivity (ẑAt (`)).

3 Use predictions for changes in agricultural productivity (ẑAt (`)) and
solutions for changes in adjusted agricultural productivity (̂̃zAt (`))
from Step 5 to estimate the productivity dispersion parameter (θ)

ln ẑAχ (`) = κA +
1
θ
ln

[
G

∑
g=1

lgt (`) µ̂gχτ̂χ (`, `
∗)φg

]

4 Overidenti�cation checks on model predictions using data on railroad
shipments and the value of agricultural machines
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Agricultural Specialization (Step 6)

A concern about this specification is that the expansion of the railroad
network could have been influenced by the potential for agricultural de-
velopment of interior locations. We address this concern in three ways.
First, as our specification uses agricultural land shares, any effect on
the overall level of agricultural development differences out from the
numerator and denominator. Second, we include controls for latitude
and longitude and allow the coefficients on these controls to vary across
goods to capture the differential impact of geographical location and
agroclimatic conditions. Third, we report an IV specification in column 2
of table 5, in which we instrument travel time to the nearest top-four
port using our travel time instrument based on colonial postal routes,
as used in steps 2 and 3 above. Even when we focus solely on the variation

TABLE 5
Agricultural Specialization and the Transport Network in 1914

Share of Agricultural Land Area (sg‘)

(1) (2)

Travel time top-four port:
Cereal cultivation 2.421*** 2.253***

(.083) (.082)
Other crop cultivation .088 .093

(.262) (.286)
Cattle grazing (purebred/mixed breed) 2.355*** 2.340***

(.059) (.063)
Cattle grazing (native breed) .473*** .298**

(.121) (.145)
Sheep grazing (purebred/mixed breed) 2.106 2.030

(.125) (.121)
Sheep grazing (native breed) 1.544*** 1.412***

(.268) (.302)
Latitude and longitude Yes Yes
Estimation PPML IV PPML
Observations 380 380
First-stage F-statistic . . . 3,017.24

Note.—Observations are a cross section of Argentinian districts in 1914. Each cell of the
table corresponds to a separate regression. All specifications are estimated with Poisson
pseudo maximum likelihood (PPML) to allow for zero agricultural land shares for each
good. Share of agricultural land area (sg‘) is the share of agricultural land area allocated
to each of the six disaggregated goods, as defined in sec. A.6 of the appendix: cereals, other
crops, purebred/mixed-breed cattle, native-breed cattle, purebred/mixed-breed sheep,
and native-breed sheep. Travel time top-four port is measured as the lowest-cost travel time
using the 1914 transport network to the nearest top-four port (Buenos Aires, Rosario, La
Plata, or Bahía Blanca) and the following weights for each mode of transport: railroads (1);
navigable rivers/coast (3), and land (4.5). In col. 2, travel time top-four port is instrumented
with the lowest-cost travel time to the nearest top-four port using a transport network con-
sisting of colonial postal routes (weight 1), coast/navigable rivers (weight 3), and land
(weight 4.5). Latitude and longitude are those of the centroid of each district. First-stage
F-statistic is a test of the statistical significance of the instruments in the first-stage regression.
Heteroskedasticity robust standard errors are in parentheses.
** Significant at the 5% level.
*** Significant at the 1% level.
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Agricultural Productivity (Step 6)

with an estimated coefficient (standard error) for fT of 0.061 (0.023). Us-
ing this estimate (fT) and the observed change in the railroad network
(dtð‘, ‘*Þx), we can recover the change in the tradeables price index (dET‘x)
up to a constant (kT) that is the same across all locations and captures
the change in international prices at Argentina’s trade hub (E*

Tx):
lndET‘x 5 kT 1 fT lndtð‘, ‘*Þx. Using this relationship, our first equation for
agricultural productivity (eq. [50]) can be rewritten as follows:

TABLE 6
Estimates for the Log Tradeables Price Index (E

T‘)

and Productivity Dispersion Parameter (vθ)

Log Tradeables

Price Index

(ET‘)

Log Growth of Adjusted

Agricultural Productivity Scaled

by the Tradeables Price Index

(1) (2) (3)

Log travel time top-four port .063** .061*** . . .
(.025) (.023)

Log agricultural productivity
predicted by land shares . . . . . . .315***

(.062)
Implied productivity disper-
sion parameter (v) . . . . . . 3.176

Latitude and longitude Yes Yes . . .
Estimation OLS IV OLS
First-stage F-statistic . . . 129.83 . . .
Observations 63 63 93
R 2 .33 . . . .24

Note.—Notes: In cols. 1 and 2, observations are a cross section of Argentinian districts
in 1895 for which data on the tradeables price index (ET‘) and overall price index (E‘) are
available. In col. 3, observations are a cross section of Argentinian districts from 1869 to
1914 that have rural population shares of above 5% and less than 95% in both years
and have positive agricultural land shares for at least one disaggregated agricultural good
in 1914. Log growth of adjusted agricultural productivity scaled by the tradeables price in-
dex is recovered from the observed population density (n‘) and agricultural employment
share (nA‘) using our model inversion and from our data on the tradeables price index
(ET‘), as shown on the left-hand side of eq. (54). Log agricultural productivity predicted
by land shares is the land share–weighted average of changes in relative technology-adjusted
prices at Argentina’s trade hub and changes in travel times to Argentina’s trade hub, as
shown on the right-hand side of eq. (54). Travel time top-four port is measured as the lowest-cost
travel time using the transport network to the closest top-four port (Buenos Aires, Rosario,
La Plata, or Bahía Blanca) and the following weights for each mode of transport: railroads
(1); navigable rivers/coast (3), and land (4.5). In col. 2, travel time top-four port is instru-
mented with the lowest-cost travel time to the closest top-four port using a transport network
consisting of colonial postal routes (weight 1), coast/navigable rivers (weight 3), and land
(weight 4.5). Latitude and longitude are those of the centroid of each district. First-stage
F-statistic is a test of the statistical significance of the instruments in the first-stage regression.
In the IV specification in col. 2, the second-stage R 2 is not reported, because it does not have
a meaningful interpretation. Heteroskedasticity robust standard errors are in parentheses.
** Significant at the 5% level.
*** Significant at the 1% level.
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Counterfactuals

• Starting from data in 1914, reverse external integration (raise
transatlantic freight rates) and reverse internal integration (remove
the railroad network), going backwards in time to year 1869
• Use property that (z̃At (`)), zNt (`), NW

t , uRWt ) are su�cient statistics
for all aggregate variables, including (nt (`), νAt (`))

– Make assumptions about external and internal integration, which
determine the su�cient statistics {̃zAt (`), zNt (`), NW

t , uRWt }.
– Second, given these four su�cient statistics, solve for the counterfactual

values of all aggregate variables of the model {nt (`), νAt (`), ωt (`),
ETt (`), Et (`)}

• First, report counterfactuals in which directly change the aggregate
su�cient statistics {̃zAt (`), zNt (`), NW

t , uRWt }
• Second, directly examine the impact of external and internal

integration by changing transatlantic freight rates, travel times based
on the construction of the railroad network, or both
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Counterfactuals

total population, and expected utility fall to 13.6%, 26.7%, and 51.7% of
their 1914 values, respectively.38

In our second counterfactual, we set adjusted agricultural productivity
(~zA‘t) equal to its value in 1869 andhold nontradedproductivity (zN‘t), total
world population (N W

t ), and expected utility in the rest of the world (uRW
t )

constant at their 1914 values. As shown in row 2 in panel B, we find that
expected utility in Argentina falls substantially, to 66.3% of its 1914 value.
Given our assumption of constant expected utility in the rest of the world,
this decline in expected utility in Argentina leads to a substantial popula-
tion outflow, with total population falling to 43.7%of its 1914 value.We find
that real GDP declines to 33.8% of its 1914 value.

38 This fall in real GDP of 13.6% from 1869 to 1914 for the districts in our model sample
in both years is close to the fall of 10.2% in real GDP across all districts, which from our
calibration in sec. VI.D equals the fall in Argentina’s aggregate real GDP in Cortés Conde
(1994).

TABLE 7
Counterfactual Predictions for Real GDP, Total Population,

and Expected Utility in Argentina

Row Counterfactual Exercise
Real GDP,
1869/1914

Total Population,
1869/1914

Expected Utility,
1869/1914

A. Observed Data

1 All sufficient statistics back
to 1869 .136 .267 .517

B. Adjusted Agricultural Productivity

2 Adjusted agricultural produc-
tivity (~zA‘t) back to 1869 .338 .437 .663

C. External and Internal Integration

3 Agricultural productivity (zA‘t)
back to 1869 .660 .747 .865

4 Transatlantic freights back to
1869 .823 .862 .929

5 Railroad network back to 1869 .872 .906 .952
6 Transatlantic freights and rail-

road back to 1869 .720 .782 .885

Note.—Table reports counterfactual values in 1869 divided by actual values in 1914. The
rows report counterfactuals, starting from the observed equilibrium in the data in our
baseline year of 1914. Row 1 changes all our sufficient statistics (~zA‘t , zN‘t, N W

t , uRW
t ) back

to their 1869 values from our model inversion, which reproduces the observed equilibrium
in the data in 1869. Row 2 changes only adjusted agricultural productivity (~zA‘t) back to its
1869 value from our model inversion. Row 3 changes adjusted agricultural productivity
(~zA‘t) by the change in agricultural productivity (czA‘x) back to 1869 from our land shares
estimation in eq. (55). Row 4 changes adjusted agricultural productivity (~zA‘t) by changes
in transatlantic freight rates back to 1869, using eqq. (56) and (57). Row 5 changes ad-
justed agricultural productivity (~zA‘t) by removing the railroad network back to 1869, us-
ing eqq. (58) and (59). Row 6 changes adjusted agricultural productivity (~zA‘t) by both
changes in transatlantic freight rates and the removal of the railroad network back to
1869.
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Robustness Checks

• Allow for endogenous changes in the international terms of trade in
response to changes in economic activity within Argentina

• Allow for endogenous productivity because of agglomeration forces in
both the agricultural and non-traded sectors

• Allow for non-homothetic CES preferences
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Conclusions
• We provide new theory and evidence on economic development and

international trade from 19th-century Argentina
• Reduced-form evidence on patterns of economic development

– Population density sharply decreasing in distance from leading ports
– Gradient greater for urban population density and steepens over time
– Causal impact of railroads on level and composition of economic activity

• Develop a theoretical model to account for this reduced-form evidence
that emphasizes a spatial Balassa-Samuelson e�ect

– Locations with better access to world markets have higher population
densities, higher urban population shares, higher relative prices of
non-traded goods, and higher land prices relative to wages

– These locations specialize in most transport-cost sensitive traded goods

• In counterfactuals, �nd substantial impacts of external and internal
integration on economic development

– Reductions in transatlantic freight rates from 1869 to 1914 raised
Argentina’s GDP, population, and welfare by 17.7%, 13.8%, and 7.1%

– Construction of the railroad network increased GDP, population, and
welfare by 12.8%, 9.4%, and 4.8%
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Thank You
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