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Abstract

Regional income inequality within countries is an important contributor to global in-
equality. I investigate its relationship to economic growth using the US experience
since 1880. I modify a multi-sector general equilibrium growth model and highlight
two important forces: (1) structural change, which disproportionately benefit poor
agricultural regions; and (2) transport cost reductions, which shrinks regional price
and wage differences. Structural change contributes to Southern growth but is offset
in the Midwest by transport cost reductions. The Midwest case is of greater relevance
for developing countries with high transport costs, and suggests growth may not sig-
nificantly reduce global income inequality.
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1 Introduction

Income inequality within countries is an important and persistent contributor to global income
inequality (Bourguignon and Morrisson, 2002). Geographic and spatial differences, in particu-
lar between rural and urban or inland and coastal areas, are for many countries a key source of
within-country differences.! Recent research may suggest an inverse relationship between within-
country regional income inequality and overall economic growth.? As growth proceeds, structural
change involves farm workers moving to higher productivity non-agricultural activities and ris-
ing relative agricultural wages. Both channels will disproportionately benefit average incomes in
poorer agriculturally-intensive regions. Caselli and Coleman (2001) confirm this is a dominant
driver of convergence between the Southern and Northeastern United States since 1880. In this
paper, I examine an alternative US region - the Midwest - that shares an important feature with
many developing countries that the US South does not: high transportation costs between the poor
agricultural region to the non-agricultural core. I find transportation cost reductions dampen the
convergence effect of structural change and growth.

The development experience of the United States provides a good case study, since a long time-
series of sectoral and regional employment and earnings data is not available for current developing
countries. The United States has high-quality sectoral and regional earnings and employment
data available since 1880. The Southern and Midwestern regions also provide two alternative
environments in which to study the impact of structural change on regional convergence.> The
high transport costs between the Midwest and Northeast is similar to many developing countries,
where high transport costs are a severe problem for poor, rural, and agriculturally-intensive regions
(Gollin and Rogerson, 2010). In contrast, the Southern states are endowed with extensive river
networks and coastal access, significantly lowering the cost of transporting goods.

These two regions experienced very different development paths. Table 1 highlights the rapid

ISee, e. g. Kanbur and Zhang (2005), for China; Sahn and Stifel (2003), for Africa; or Heshmati (2004) for a good
summary.

2See, e.g., Paci and Pigliaru (1997) or Caselli and Coleman (2001).

3See Figure 1 for a graphical depiction of each region of the United States.



Table 1: Relative Earnings and Employment Shares, by Region, 1880 and 1980

Southern States Midwestern States
1880 1980 1880 1980
Ag. Employment Share 0.73 0.03 0.55 0.04
Ag. to Nonag. Relative Wage 0.34 0.72 0.43 0.65

Expressed as Fraction of Overall Average Wage in Northeastern States

Overall Wage 0.43 0.92 0.81 1.00
Nonagricultural Wage 0.83 0.93 1.18 1.01
Agricultural Wage 0.28 0.60 0.51 0.76

Own calculations using data from Lee et al. (1957) and Caselli and Coleman (2001). Agricultural earnings in 1880

includes income of farm owners not just farm labourers. Tllustrates large differences between the South and the Midwest in

average wage convergence to Northeast, despite similarities in terms of agriculture’s initial employment and relative wage.
growth of relative Southern incomes and comparatively lower growth for the initially richer Mid-
west. These patterns are puzzling in light of two facts: (1) agricultural wages in both regions
were initially low relative to other sectors; and (2) agriculture initially dominates employment in
both regions and both undergo rapid structural change. As employment moves into higher-paying
non-agricultural sectors, income in agricultural regions should rise. I will demonstrate in Section
5 that the Caselli and Coleman (2001) framework, which works very well for the South, cannot
quantitatively match the Midwest experience - in particular, the Midwest’s initially high nominal
income and comparatively low subsequent growth.

It is not that moving workers from agriculture to nonagricultural activities does not contribute
to convergence of the Midwest. Indeed, and as Caselli and Coleman (2001) also note, structural
change did contribute to what little convergence the Midwest experienced. The puzzle, to repeat,
is that it experienced so little income growth given the amount of structural change. Consider
nonagricultural wages reported in Table 1. If structural change were the only factor at work,
then one would expect Midwestern incomes to eventually exceed the Northeast - as the region’s
nonagricultural earnings are relatively high. By 1980, however, we see that the nonagricultural
earnings declined to a level similar to the Northeast. Income growth from structural change was
evidently offset by declining nonagricultural wages in the Midwest relative to the Northeast. I find

reductions in transport costs can account for this.



To demonstrate this, I explicitly introduce multiple regions with transportation costs between
them into a dual-economy model of economic growth. Structural change and growth in the poor
agricultural region is fueled by reductions in learning costs for agricultural workers to acquire
the skills necessary for non-agricultural employment. Goods transported from one region to an-
other will face a cost, which raises the consumer price of importable goods and lowers the price
of exportable goods. For the Midwest, this will result in higher manufactured goods prices and
lower agricultural goods prices. Since agricultural goods constitute a smaller fraction of consumer
spending at the time (approximately 30%), a higher wage for Midwestern workers is necessary
to prevent emigration. As transport costs decline, the relative manufactured goods prices, and
therefore the compensating differential to nominal earnings, decline as well. This offsets the con-
vergence achieved from structural change.

If transport costs were held at their 1880 level, the income growth in the Midwest resulting
from structural change would be 30% larger than actually observed. If transport costs were not
incorporated into the model, then overall Midwestern wages would not have been as high as in
the data and the degree of income differences difficult to account for. Initially high and declining
transport costs reconciles the modest initial earnings differential, low relative agricultural wage,
and high agricultural employment share with high overall wage levels in the Midwest. Simply put,
transport cost improvements occurred as structural change proceeded and the two channels had
effects of similar magnitude but opposite direction on regional income differences. The the role of
transport costs for the Midwest may be informative about the future evolution of regional earnings
differences in many developing countries. Global income differences may therefore decline less
than one might expect from considering the structural change channel alone.

High transport costs between the Midwest and the Northeast, but not between the South and
the North, is clear in the data. The 1887 Report of the Senate Committee on Transportation Routes,
for example, finds transport costs for a bushel of wheat sent between Atlantic ports to Great Lake
ports by rail averaged 21 cents. This is a significant charge, given the average price of a bushel of

wheat was 104 cents in the 1870s (US Census Bureau, 1878). Harley (1980) compiles additional



evidence on wheat and freight prices. Depending on the route, the per bushel rate to ship wheat
from Chicago to New York in 1880 ranged between 8 to 15 cents. Further west, there was an
additional cost to ship from Kansas City to Chicago of 11 cents. The farm price of a bushel of
wheat was 118 cents in New York, 101 in Indiana, 93 in Wisconsin, 82 in Iowa, and 73 in Kansas.
The further west one is of New York, the higher the transportation costs and the lower the wheat
price. While land-route rates between Southern and Northeastern locations is not provided, the
rate to ship from Odessa, TX or New York to Liverpool, UK were nearly identical (10.4 versus 8.6
cents, respectively). This suggests ocean shipping rates from Southern ports to Northeastern ones
were substantially lower than land-based routes available to the Midwest. Indeed, wheat prices
in Odessa and New York were very similar, with the wholesale bushel price at 112.# Over time
transport costs decline dramatically - Glaeser and Kohlhase (2004) points to nearly a 90% decline
in transport costs over the century.

This paper contributes to the structural transformation and growth literature and, in particu-
lar, joins research dealing with frictions within a two-sector, multi-region framework. Broadly
speaking, this literature examines the strong negative relationship between the share of output and
employment commanded by the agricultural sector and the overall level of economic activity - a
phenomenon known as the “Kuznets fact” of growth. Recently, a variety of models have been
developed to explain these facts. These include: increasing consumer goods variety (Greenwood
and Uysal, 2005; Foellmi and Zweilmueller, 2006); preference non-homotheticities (Kongsamut
et al., 2001); differential sectoral productivity growth (Ngai and Pissarides, 2007); and, capital
deepening (Acemoglu and Guerrieri, 2006).°> While capturing the output and employment facts
quite well, these models cannot match regional income differences or the rising agricultural wages
we observe. To capture rising agricultural wages, Caselli and Coleman (2001) incorporate labour
market frictions between agriculture and non-agriculture to show that improved ability of workers

to acquire manufacturing skills can capture the rise in relative agricultural wages. Herrendorf et al.

“The farm price was not available for Odessa at this time, so I use the wholesale price. The New York wholesale
price, at 120 in Winter and 117 in Spring, is nearly identical to the annualized average farm price of 118, which
suggests this is an acceptable approximation.

3 A concise review of the issues involved may be found in Matsuyama (2005).
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(2009) investigate goods market frictions between regions, finding large reductions in transporta-
tion costs between regions are an important driving force behind westward settlement patterns in
the mid-1800s. Neither paper examines the role of transport costs between regions for income
convergence and structural change.

There is also a large literature in economic geography investigating regional convergence in
core-periphery models. The framework developed in this paper is distinct as labour and capital are
mobile between regions. Krugman and Venables (1995), for example, have immobile labour in
an international core-periphery model. There are inter-regional models, such as Krugman (1991),
where manufacturing labour is mobile but agricultural labour is fixed and sectoral labour reallo-
cation out of agriculture is not possible. In this paper, land is a productive fixed input and farm
labour can switch sectors (and regions) if it acquires nonagricultural skills. Land as a fixed factor
will prevent full concentration of manufacturing in a single region. This setup is useful to study
the interactions between sectoral reallocation (structural change) and transport costs for regional
convergence.

The remainder of the paper begins in Section 2 by outlining an explicitly multi-region model
of growth and structural change. Section 3 highlights the effect of transport costs between each
region on relative wages. It does this by considering both the firm location decisions and worker
migration incentives. The model is calibrated in Section 4 to match various moments in the US data
between 1880 and 1980. Counterfactual experiments in Section 5 establish the role of transport
cost reductions for reducing the convergence effects of structural change between the Midwest and

the Northeast. I conclude in Section 6.

2 A Regional Growth Model

This section outlines an extension of the Caselli and Coleman (2001) model to explicitly incorpo-
rate multiple regions with transport costs between them. The model is dynamic, with two regions

(the core, ¢, and the periphery, p) and two sectors (agriculture and a manufactured good). As in



Kongsamut et al. (2001), and others, the agricultural good faces a subsistence requirement, and
therefore has an income elasticity below unity. The manufactured good may be consumed or in-
vested to accumulate capital. Each region can trade either good with the other region by incurring
an iceberg transportation cost, with a fraction (A < 1) of the original shipped goods arriving at the
destination. Workers may select either sector to work in, but must receive manufacturing skills in

order to become employed in the manufacturing sector.

2.1 Firms

There are two types of perfectly-competitive firms: goods producing firms and transportation firms.

2.1.1 Goods Producing

An agricultural sector, a, and a manufacturing sector, m, exist in each of the two regions, populated
by perfectly competitive firms. Each produces output using land, labour, and capital with constant
returns to scale. To ensure a balanced growth path exists, I assume a unit elasticity of factor
substitution.® Thus, for each region i € {p,c} and sector s € {a,m},
Yslt = Aéthl;%LézasKsit(li%i%)- ey
Y, T, L, and K, respectively denote output, land, labour, and capital. I assume total factor produc-
tivity (A) is such that AY, = A¢ and AL, > AS, = 0 for all t = |0, ..,0). The comparative advantage
of the core, ¢, is thus in manufacturing and it will completely specialize. Growth in productiv-
ity is exogenous and common across regions. Denote the TFP growth in agriculture as g, and in
nonagriculture as g,.
To simplify notation, the periphery’s agriculture is selected as the numeraire (P}, = 1). Man-
ufacturing sector output may be consumed or invested in new capital goods, the stock of which

depreciates at rate 6. Agricultural goods may only be consumed and not stored. Regional land en-

6See Kongsamut et al. (2001). For an alternative specification involving more general CES preferences, see Ngai
and Pissarides (2007).



dowments are exogenously set, with the periphery’s fraction of the total denoted by @. Including
land in the production function ensures a deterministic distribution of manufacturing production
between the regions by creating diminishing returns to scale in the regionally mobile factors (labour
and capital). Firms may use land and capital in either sector and both factors can be costly con-
verted from use in one sector to another. In contrast, labour may only move between sectors if it
possesses the necessary manufacturing skills, the accumulation of which I present in Section 2.2.1.

Each firm exists in a competitive environment and, therefore, takes output prices, P;,, as given.
In addition, factor markets are competitive and land rents, wages, and capital rents - respectively,
q:» Wi, and r; - are also exogenous to each firm. They each use the production technology from
Equation (1) to maximize profits,

Hét - Pyl _ witLéZ — qi,Tsit — ré,Ksit Vi=p,cands € {a,m}.

St st

2.1.2 Transportation

Transportation firms earn profits by arbitraging goods price differences across regions. Goods
bought by a transport firm in one region may be transported to consumers in another region by
incurring an iceberg-cost, A, similar to Herrendorf et al. (2009). Formally, if D, and B, rep-
resent the quantity of good s delivered to and bought from region i, it must be the case that
D, = ABf, Vi,j = p,c,i # j. For {i,j} € {{p,c},{c,p}} and s € {a,m} the transport firm’s
maximization problem is

max 7, = Pé,Dél + Prl;ztDim - PétBét - pﬁ;,Bi;l,.

Dy By
Complete specialization of the core in manufacturing ensures D%, = DS, = B, = BS, = 0.

Specifically, to deliver one unit of manufactured goods to the periphery, earning P, in revenue,

the transport firm must purchase 1/A units of the good in the core, costing (%) Py, A zero profit

condition on transport firms means for each unit revenue and costs must equal. The same hold for



agricultural goods in the opposite direction. Overall, this implies,

APy = Py, 2

P, = 1/A,. 3)

2.2 Households

Each region contains one household and a continuum of agents within each. The total national pop-
ulation is normalized to one. As is standard in models of structural change, each agent is endowed
with preferences that treat consumer goods asymmetrically, with agricultural goods contributing to
utility only above a subsistence level, a. This results in an income inelastic demand for agricultural
goods, which causes agriculture’s share of consumption and employment to decline with income.
An agent’s wealth is given by the present value of labour and non-labour income. Each agent se-
lects a region of residence and each regional household determines the allocation of agents across
sectors. That is, individual agents are sovereign in every respect but for their choice of occupation.
To ensure individual agents are indifferent between occupations, household consumption, denoted
¢, 1s evenly divided among its members. Finally, non-labour income from land and capital rents is
generated by ownership stakes available to all agents regardless of residency.’

Formally, the household of region i € {p,c} faces the following problem

max i B! [Tlog(czt —a)+(1—1) log(cﬁm)]

{Cét 7C£nt 7142[ 7L£nt 7i}zo';0 t=0
subject to

[ )

Z (Pétcitt +Pzi¢tcfm) < Z (LZIWZI + Lintwint) +A;
t=0 t=0

= LélHét + LfntHrint +A4;,

"Land and capital rents will equalize across regions.



where (H.,,H!,) and A, are, respectively, the present value of lifetime labour and non-labour earn-

ings for region i from time ¢ onwards.® Optimal allocations between consumption goods are such
that the marginal rate of substitution equals the output price ratio,
Um(céncinz) 1 _chzt_a Pzizt

at>“mt) . = ™ vic{p,c}. 4)
Ua (Clat ) C;nt) T Cont Py { }

In equilibrium, to ensure agents are indifferent between regions of residence, total household

utility is identical between regions; that is,

tlog(cg —a) + (1 —1)log(cy) = tlog(cy —a)+ (1 —1)log(cpy)- )

2.2.1 Occupational Choice

Occupational choice enters the household problem only through its effect on lifetime wealth. A
household selects agents to acquire manufacturing skills only if the expected present discounted
value of lifetime manufacturing earnings are sufficient to compensate for the foregone labour earn-
ings while learning takes place. Following Caselli and Coleman (2001), each agent is endowed
with an intellectual handicap, which determines the length of time required to acquire manufac-
turing skills. This handicap is the product of a population wide parameter (&) and an individual
component ({j;). The former captures the overall costs in training labour while the latter captures
person-specific costs of learning. The product, {;;&;, represents the fraction of a period necessary
to receive training. The cost of switching sectors for person j at time 7 is {j;&wy,, and the benefits
are the increased labour earnings in manufacturing. Finally, given that the core region perfectly

specializes in manufacturing, human capital decisions take place in the periphery. The peripheral

81 assume non-homothetic preferences and an elasticity of substitution equal to one, which implies income effects
alone generate structural change. Recently, Herrendorf et al. (2011) suggest when modeling expenditure categories as
final expenditures, income effects and non-homotheticities match data well. If expenditure categories are in a value-
added form (as they are in this paper), the homothetic preferences used by Ngai and Pissarides (2007) matches data
best. The data requirements to implement the consumption value-added approach, however, limits its use in the early
time periods explored in this paper. Herrendorf et al. (2011) can only investigate post-war US data, where agriculture’s
share of employment never exceeds 10%, much lower than in 1880.
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household selects agent-j to engage in manufacturing production at time-f if and only if

Hy, —HL > Ci&wh,,

2 1 Hh, —HY,
=6 = EM’ (6)

Wine

where {, is the cutoff value for an individual’s learning handicap. Those with individual learning
costs above this threshold ({j; > &) will select remain in agriculture. To ensure a steady-state
exists where at least some individuals are without manufacturing skills, an exogenous survival rate
A is assumed. Dying agents are replaced by an equal number of newborn agents without any skills
in the periphery.

The lifetime value of labour earnings in each sector s € {a,m} can be written recursively as the

current period earnings plus the expected discounted next-period value,

p p Car =@ P
Hy = wg+— —ﬁ)LHs(zH)' (7)
Ca(t—H) —a
Cpt—a_ BUa(ca(tH)vcm(tH)) . : . :
where *—— B = Un(Cor o) is the value of period-(z + 1) peripheral agricultural goods (the
ali+1) alCar,Cm

numeraire) in terms of period-t goods.

Given this structure, it is possible to derive the labour supply equations for each sector. Denote
with [; the average time (in terms of fraction of a period) a given generation spends in sector s.
As in Caselli and Coleman (2001), I assume f({;) = 3Cj2 is the distribution function of individual
handicap parameters. The population average time spent acquiring skills is then simply the mean
value of {;;& for those individuals who opted to switch. Given that, the time spend in the manu-
facturing sector is simply whatever time is left after acquiring skills. Mathematically, this may be

represented by

4 ]
I = i &Cif(dg)) = (3/4)E8, (8)

= /0 (- &L ) =8 17, ©)
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In aggregate, the number of individuals in agriculture is the fraction of the previous period’s
agricultural labour force that is still alive plus the newborn individuals who do not switch. If
all learning is complete within a model period (a decade), the average number of individuals in

training is the fraction of newborns who switch. That is,

Ly = (1-Lb, )(A=A)lg+L7, A, (10)
Ly = (1-L7 )(1=A)L. (11)

a(t—1)

Manufacturing labour, given that is it able to move across borders, will be uniquely determined

through equilibrium in the labour market and equality of utility between regions.

2.3 Competitive Equilibrium

A competitive equilibrium in this economy is characterized by, for all i € {p,c} and s € {a,m},

allocations {ci,,Li 1! T! K!

LLLL LT K, S,}t ° o> output prices {P, t}t ° - factor prices {g;,r;,w st}t ° o» and oc-

cupational choice variables {Hy, C,}t“’:o such that: given output and factor prices, households max-
imize utility and firms maximize profits; households are indifferent between residing in either
region; and both input and output markets clear.

The system of equations characterising such an equilibrium is given by the Equations governing
production, (1); output prices, (2) and (3); human capital acquisition, (6) and (7); labour supply,

(8-11); consumption, (4); residency, (5); the following input market clearing conditions

TS, = 1-o, (12)
ThH+Th = o, (13)
Lb+LP +1h+LS, = 1, (14)
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the Euler equations, one for each region,

mi+l) - _ ﬁ{%ﬂ—é} Vie{p,c} (15)
mt

and agricultural and manufacturing goods markets clearing

Loy = D,
(1 _Llcnt)cgt +Bgt = cha
Lo Cone +K;$1(z+1) +By = Y+ (1-06)K,,

(U= Lo)em + Ky + Ky = Yot Do+ (1= 8)(Kpy + Kgp).

where, since the total population is normalized to one, the core and peripheral populations are,

respectively, LS, and (1 —LS,).

3 Effects of Transportation Costs

This section presents derivations highlighting the underlying channels through which transporta-
tion costs affect the model’s equilibrium.
Perfectly competitive input and output markets imply output prices equal marginal costs of

production. For the manufacturing sector of region i,

) G () )

Since manufacturing productivity is identical across regions, the ratio of marginal costs depends

; 1
b = 2,
m

only on the ratio of manufacturing wages. That is,

C
Wm

Mct (wh N\ P PP
MC;, _( ) P
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Wh

= = ATVR (16)
Win

where the second line follows from the nature of the transportation technology: AP, = P¢. The
region importing manufactured goods faces a higher price for those goods due to the transportation

cost. This higher price will encourage entry unless wages rise to ensure zero profit once again.
Alternatively, one could investigate the impact of transport costs on migration decisions. Since
living standards are identical across regions by assumption, incomes must rise if the costs of a
achieving a certain level of utility rises. Thus, if reductions in transportation costs lower regional
average price dispersion then it will also lower regional income dispersion. To see this, the equality
of utility levels between residents of each region - Equation (5) - may be combined with optimal

consumption allocation conditions - Equation (4) - and regional pricing conditions - Equations (2)

and (3) - to arrive at the relative expenditure on each good for each region. That is,

Pi(Ci—a)  PB,C,
Pict—a)  PuCn

= A7 (17)

For simplicity, first consider the case of zero agricultural subsistence consumption (@ = 0). The

budget constraint for a manufacturing worker in region i € {c, p} is

PiICL+P.C =W, +r+a=27

Taking the ratio between regions, and utilizing Equation (17), yields

Al-20-7) ¢ 1 B.Gy

Z_P . A1’2Tm
B A172(171)+A1172T1—TT
e
1
= 0% (18)

where the second equality follows from the standard result that optimal expenditure shares equal

13



Table 2: Calibration of Common, Time-Invariant, Model Parameters

Parameter Description Target / Source Value

O, &,  Labour’s Share of Output  Capital/Labour Ratios 0.6

Ya Farm Land Share Land Rental Costs 0.19
Yin Non-Farm Land Share Land Rental Costs 0.06
8a Ag. TFP Growth TFP Growth / Decade  0.168
gm Nonag. TFP Growth TFP Growth / Decade  0.084
T Ag. Preference Weight Expenditure Shares 0.01
A Survival Probability 40 year working life 0.75
o Depreciation Rate 4% annual rate 0.36
B Discount Factor 5% annual discount rate  0.60

Displays calibrated parameters that are constant through time and common across regions. Jointly calibrated parameters

are listed separately with results in Table 4b.

(1—17)/7. Note that for A = 1 we have ZP = Z¢ (which implies w}, = w¢,) and for A < 1 we have

ZP > 7€ (wh > ws,). Moreover, if we ignore land and capital rent,

A(1—A)  9A AT

Thus, as transportation costs fall ((1-A) |) peripheral manufacturing wages also fall relative to the

core (Wh /w¢, 1).

4 Calibration

To evaluate the quantitative importance of structural change and transport cost improvements for
the evolution of regional income differences, the model must be calibrated to key features of the
data. I first set the parameters (7, B8, 0, Ya» Yim> Qa> Cm» &a> &m» A» A18g0, A19go) individually from
existing literature or data. Their values are presented in Table 2. Many of the parameter values are
identical to those common in the literature. Factor shares in production, which are land shares v,
and 7%, and labour shares o, and o,, are set following Jorgenson and Gollop (1992) and Caselli

and Coleman (2001). They specifically report a labour share of 0.60 in both agriculture and non-
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agriculture. Data on labour and broad capital rental rates are used to infer land and capital shares
from the 0.40 non-labour share of output. Sectoral growth of total factor productivity, g, and g, are
also set based on Caselli and Coleman (2001) to 16.8% and 8.4% per decade, respectively. Given
an expected 40 years of life beyond a typical agent’s education decision, and using a decade as the
model period, the probability of dying, A, is set at 0.75. T target agriculture’s share of consumer
expenditures, (c,/c), at 0.31, following Caselli and Coleman (2001).°

The key parameter I use to capture the Midwest experience, the transportation cost parameters,
are set to match available price data. As noted in the introduction, the rate to transport wheat from
Kansas City to New York ranges, depending on the route, from one-quarter to one-third of the
bushel’s final value. Thus, I set transport costs to 25%, which gives A1ggg = 0.75. This compares to
a value for 1840 selected by Herrendorf et al. (2009) of 75% for agricultural goods, citing evidence
that food prices in the Northeast are roughly triple food prices in the Midwest, and a value of 50%
for industrial goods. By 1860, transport costs have improved significantly to 30-45%. My value
for 1880 is also based on regional price differences and represents further gains in transport costs
relative to the time period investigated by Herrendorf et al. (2009). Finally, to determine Ajggp,
data from Glaeser and Kohlhase (2004) points to nearly a 90% decline in transport costs over the
century, which implies Ajggg = 0.97.

The remaining parameters, (@, &igs0, E19s0, @, K, K§, Lf;’_ 1), have no directly observable
counterparts in data so I set them jointly to target certain model outcomes, which are observable,
with data. Since the precise values depend on the regional group and experiment being conducted,
I display these parameters along with results in Section 5 but describe their calibration here. With
constant learning costs (E1gg0 = &19g0) the targets are: (1) agricultural consumption share in 1880;
(2) relative agricultural wages in 1880; (3) relative regional wages in 1880; (4) 1880 agricultural

labour shares;'? and (5) capital returns in 1880 equal steady-state returns. When I allow learning

9The consumption of food and kindred products relative to all consumption expenditures in 1880 from the His-
torical Statistics of the United States (Series Cd378-410) is 0.29. Caselli and Coleman (2001), however, provide
an estimate of agriculture’s share of GDP net of gross investment - also using data from the Historical Statistics in
addition to Maddison (1991).

0Using data collected by Lee et al. (1957), with values of 0.485 and 0.38 respectively for the South and the
Midwest.
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costs to decline over time, (E;gg0 > E19g0) I also target (6) relative regional wages in 1980.

For clarity, I list here the jointly determined parameters and what statistic is most sensitive to
each. First, @ denotes the share of productive land allocated to the peripheral region. Increasing
this parameter will primarily increase the relative share of peripheral average income, (w?/w®).
Second, & is the population-wide learning time parameter, with a higher value indicating greater
difficulty for all agents in acquiring non-agricultural skills. This results in lower relative agricul-
tural earnings, (w,/wp,). Third, a represents the subsistence parameter that influences the food
consumption share, (c,/c). This influence is strongest in the initial period due to the low level of
overall income, and hence a high level of relative food consumption. Fourth, (K?, Kg ) are the initial
capital stocks in each region. They are adjusted to ensure capital’s marginal product is identical
in the initial period to the steady-state value, consistent with the Kaldor fact of no trend in capital
returns. Finally, Li_l is the 1870 agricultural employment share in Equation (10) for 1880 (r = 0),

it is calibrated such that LZ.O matches data.

5 Results

I use the fully calibrated model to show declining transportation costs offset the effect of structural

change on regional convergence.

5.1 The Southern States

This section will briefly report results of a calibration exercise to match the experience of the
Southern US states. This demonstrates the multi-region model reaches similar conclusions as
Caselli and Coleman (2001) when transportation costs are ignored (A = 1). Namely, declining
learning costs facilitates structural change and can drive regional convergence.

Table 3a displays the results for two scenarios. When costs to accumulating non-agricultural
skills remain constant through time, the model fails to capture the declining agricultural labour

share, rising relative agricultural wage, and rising average incomes in the South. With declining
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learning costs, however, the relative agricultural wage increases dramatically. Declining learning
costs also facilitated the movement of labour out of agriculture and in increased Southern aver-
age overall wages. Intuitively, this represents a reduction in the supply of farm workers. Thus,
improvements in the ability of workers to accumulate non-agricultural skill can drive structural
change, increase agriculture’s relative wage, and increase incomes of agriculturally intensive re-

gions. For the Midwestern States, however, this channel alone is insufficient to match the data.

5.2 The Midwestern States

It is worth repeating the puzzle in the data. Midwestern states only saw a moderate increase in
earnings relative to the Northeastern states, despite experiencing large scale movement of labour
out of relatively low paying agriculture and despite increases in agriculture’s relative wage. In this
section, I will demonstrate the above framework that matches the experience of the Southern states
so nicely will either (1) be unable to match the initially high relative Midwestern incomes or (2)
over-predict subsequent income growth. A single parsimonious adjustment to the model, including
transport costs in a manner consistent with price differentials in the data, will be sufficient to
match the Midwest experience. Transport costs will increase Midwest incomes to compensate for
high import costs of manufactures and improvements in transport technologies through time will
gradually eliminate this effect.

I begin with the baseline case, where initial transport costs are set to 25% (A1ggo = 0.75) and
improve to 3% within a century (Aj9go = 0.97). I report the results for the counterfactual exercises
in Table 4a and the set of calibrated parameters in Table 4b. The baseline specification matches
the declining share of agricultural employment and relative regional incomes. The subsistence
parameter value of 0.18 implies 31% of consumer expenditures are spent on food, to match data.
The Midwest is also allocated 71% of the land between the two regions. In the data, not adjusting
for land quality differences, Midwestern states have 78% of land. The remaining three panels
of Table 4a illustrate the impact of neglecting transport costs (A = 1) or imposing constant costs

through time (A;gg0 = Aj930 = 0.75).
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High initial transport costs are required to reasonably capture the Midwest experience. Mid-
western average incomes are so much larger than can be reconciled with agriculture’s low relative
wage and high employment share without transport costs. To illustrate this point further, I examine
moving the model away from the baseline with various other initial transport cost values in Table
5. I recalibrate all other parameters in order to match the same set of targets. As initial transport
costs fall (A1), the other parameters must compensate in order to match initial targets. Notably, as
initial transport costs fall, the total land and capital in the Midwest must rise - dramatically so for
low transport costs. The learning cost of switching to nonagricultural activities must also decline
to levels significantly below the baseline case. There must be a minimum of a 9% transport cost in
1880 for the Midwest in order to match all targets in the calibration. Allowing for 25% transport
costs eases the burden on the other model parameters to meet their targets, and the land shares and
learning costs are more reasonable.

I illustrate the extreme case of no transport costs in panel (ii) of Table 4a. The bold cell
highlights the income difference between regions is too large, with the Midwest overall income
62% of Northeast rather than 81% as in data. I recalibrate the model in panel (iii) to allow the
parameters to try and match the true income differences as well as possible. In this case, nearly all
land (99%) is allocated to the Midwest, and learning costs are set extremely low in 1880. Despite
these modifications, which only increase the Midwestern income to 73% of the Northeast, the
model without transportation costs cannot match the data for 1880. By introducing transportation
costs, peripheral earnings rise to compensate for higher manufactured goods prices, and therefore
lead to a higher initial relative income for the region.

To illustrate the importance of declining transport costs, panel (iv) displays the effect of holding
transportation costs at their 1880 value of 0.75. The model predicts the Midwest would have
surpassed (by 32%) the Northeast in terms of income. This decline in transport costs eliminates
nearly two-thirds of average Midwestern nominal income growth, which rises only 19 percentage
points relative to the Northeast instead of the 51 implied by experiment (iv). I conclude the high

cost of transport in 1880 that declined to a relatively modest level by 1980 is sufficient to allow
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the model to match the relative income levels in the data, without unreasonable values for the
Midwestern land share or costs of acquiring non-agricultural skills.

There is one other dimension that could be utilized to test the predictions of the model: worker
between-region migration patterns. The model predicts that in 1880 the size of Midwestern em-
ployment relative to the sum of employment in the Midwest and Northeast is 0.58. In the data,
this figure is approximately 0.51 at this time. Reductions in transport costs lead workers to migrate
towards the Midwest, as manufactured (imported) goods become cheaper. By 1980, the share both
region’s total employment residing in the Midwest is 0.67. The data for 1980, however, shows
only a moderate increase above the initial 0.51 share. By 2000, however, the figure is closer to
0.65. For other initial transport cost parameters, the regional distribution of employment becomes
even more skewed towards the Midwest. At transport costs approach only 10%, for example, the
share of both region’s employment in the Midwest exceeds 90%. While a proper accounting of
migration patterns must account for international migration and differences in birth and death rates

between regions, the model does not seem to a terrible job even in this dimension.!!

5.2.1 Higher Manufacturing TFP in the Midwest?

If Midwestern TFP in manufacturing was higher than the Northeast then the model would do better
at matching the relative earnings data without high initial transport costs. Prices, however, would
be equalized across regions. The earlier discussion implies this is not the case, with large price
differences existing for a homogeneous good between various Midwestern cities and New York.
Even for non-agricultural goods there are price differences. Haines (1989) finds that clothing in
Kansas is 29% higher than the national average and furniture in Indiana is 16% above the national
average. Taking a simple average across states, Midwestern clothing is over 6% higher than the

Northeast, fuel is over 5% higher, and other non-agricultural goods are nearly 8% higher, although

"For an interesting investigating for the effect of transport cost improvements on westward settlement patterns in
an earlier time period, see Vandenbroucke (2008) or Herrendorf et al. (2009). The model presented here displays the
same relationship between transport costs and regional employment distributions as found by these researchers. Lower
transport costs between the Midwest and the Northeast lead workers to migrate towards the Midwest as the cost of
manufactured goods (imports) declines.
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no difference exists for furniture. While these price differences are smaller than implied by the
model (roughly one-third to half as much in 1890, which is Haines (1989)’s year of study), TFP
differences is not likely the entire story.

A mixture of the two stories is illustrative but leads the model’s regional employment distribu-
tion to become an even worse fit. If manufacturing TFP was 10% higher in the Midwest than the
Northeast and transport costs were only 10% (instead of 25%), then similar parameter values as
earlier would allow the model to match the data well. Specifically, the initial Midwestern land share
() is 0.73, the initial learning cost parameter (;gg0) is 1.74, and the subsistence parameter (a) is
almost 0.20. The Midwestern initial capital stock is also slightly larger at 0.0389 instead of 0.036.
While these are similar to the baseline calibration, the employment distribution misses the data
by an even greater amount. The baseline model already over predicts Midwest employment, and
a combination of higher TFP and lower initial transport costs increases that over-prediction. The
model in this case suggests 62% of the total employment in both regions resides in the Midwest,
rather than the 51% in the data and the 58% in the baseline calibration. This slow overall average
growth of Midwestern incomes also requires a slower TFP growth rate relative to the Northeast
in order to account for this. There is little evidence that there is a large difference in overall TFP
growth rates between the two regions. The declining transport costs is both consistent with data

and does not require differential TFP growth rates between regions.

6 Conclusion

Within-country income differences are an important source of global income inequality. This pa-
per contributes to research that finds declining employment in relatively low-paying agriculture
and rising agricultural wages relative to other sectors will disproportionately benefit agriculturally
intensive areas, leading to regional convergence. The approach in this paper is to account for trans-
port costs between agricultural and non-agricultural regions, which decline as growth and structural

change take place. This feature is common among developing countries, where transportation is-
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sues have been a topic of much research. To examine this channel, I augment an established general
equilibrium model of structural transformation to incorporate between-region transportation costs.
I find reductions in transportation costs offset nominal income gains from structural change, thus
limiting convergence. Simply put, if transportation costs between regions are neglected, structural
change resulting from improved methods of human capital accumulation will imply too large an
increase in earnings for agricultural regions. I empirically evaluate the model with the experience
of both the Midwest and the South, matching both cases well. These results suggest the potential
for structural change and growth to reduce regional, and therefore global, income inequality is

limited.
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Tables and Figures

Table 3: Various Model Simulations, South and Northeast

(a) Comparing Model Output to Data

Data Model
1880 1980 1880 1980

(i) Constant Learning Costs
Ag. Employment Share 048* 002 048 041
Ag. to Nonag. Relative Wage 034* 072 034 0.02
Overall Wage Relative to Northeast  0.43* 092 043 0.38

(ii) Declining Learning Costs
Overall Ag. Employment Share 0.48* 0.02 048 0.07
Southern Ag. to Nonag. Relative Wage 0.34* 0.72* 0.34 0.72

Southern Wage Relative to NE 043* 092 043 0.96
(b) Jointly Calibrated Parameters
Scenario

Constant Declining
Model L. . .

Description Learning Learning

Parameter

Costs Costs
a Food Subsistence 0.23 0.23
(0] Southern Land 0.64 0.64
€180 1880 Learning Cost 1.97 1.73
1980 1980 Learning Cost 1.97 0.50
A1880 1880 Transport Cost 1.00 1.00
A1980 1980 Transport Cost 1.00 1.00
Kleeo 1880 Southern Capital 0.03 0.03
Kigso 1880 Northeastern Capital 0.05 0.05

* denotes target. Targets for 1880 include: (1) agriculture’s overall employment share; (2) relative agricultural
wages in the Midwest; (3) over Midwest incomes relative to the Northeast. Also targetted is the 1980 Midwest incomes
relative to the Northeast. Initial capital stock ensures 1880 capital returns equal the steady-state returns. Results of
various model simulations in Panel (a). Parameter values in Panel (b).
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Table 4: Various Model Simulations, Midwest and Northeast

(a) Comparing Model Output to Data

Data Model
1880 1980 1880 1980

(i) Declining Transportation Costs (Baseline)
Ag. Employment Share 0.39* 0.03 0.39 0.06
Ag. to Nonag. Relative Wage 043* 065* 043 0.65
Overall Wage Relative to Northeast 0.81 * 1.00 0.81 1.00

(ii) No Transportation Costs
Overall Ag. Employment Share  0.39* 0.03 0.38 0.06
MW Ag. to Nonag. Relative Wage 0.43* 0.65* 043 0.65
MW Wage Relative to NE 0.81* 1.00 0.58 0.97

(iii) No Transportation Costs (Recalibrated)
Overall Ag. Employment Share  0.39* 0.03 039 0.06
MW Ag. to Nonag. Relative Wage 043 * 0.65* 043 0.65
MW Wage Relative to NE 0.81* 1.00 0.73 0.97

(iv) Constant Transportation Costs
Ag. Employment Share 0.39* 0.03 0.39 0.06
Ag. to Nonag. Relative Wage 043* 065* 043 0.65
Overall Wage Relative to Northeast 0.81 * 1.00 0.81 1.32

(b) Jointly Calibrated Parameters

Scenario
Declining No
No Constant
Model L. Transport Transport
Description Transport Transport
Parameter Costs Costs
Costs Costs
(Baseline) (Recalibrated)
a Food Subsistence 0.18 0.18 0.21 0.18
(0] Midwestern Land 0.71 0.71 0.99 0.71
&1880 1880 Learning Cost 2.26 2.26 0.89 2.26
1980 1980 Learning Cost 0.62 0.62 0.64 0.62
A1s80 1880 Transport Cost 0.75 1.00 1.00 0.75
A1980 1980 Transport Cost 0.97 1.00 1.00 0.75
ngso 1880 Midwestern Capital 0.04 0.04 0.08 0.04
Kigso 1880 Northeastern Capital 0.05 0.05 0.001 0.05

* denotes target. Targets for 1880 include: (1) agriculture’s overall employment share; (2) relative agricultural wages in the Midwest;
(3) over Midwest incomes relative to the Northeast. Also targetted is the 1980 Midwest incomes relative to the Northeast. Initial capital
stock ensures 1880 capital returns equal the steady-state returns. Results of various model simulations in Panel (a). Parameter values in
Panel (b).
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Table 5: Calibrated Parameters for Alternative Initial Midwestern Transport Costs

Model Initial Midwestern Transport Costs

Parameter Description 25% 20% 15% 10%
(Baseline)

a Food Subsistence 0.18 0.19 0.20 0.20
w Midwestern Land 0.71 0.77 0.86 0.97
&1880 1880 Learning Cost 2.26 1.31 0.96 0.84
1980 1980 Learning Cost 0.62 0.63 0.64 0.64
Kfsso 1880 Midwestern Capital 0.04 0.05 0.06 0.07
Kigso 1880 Northeastern Capital 0.05 0.04 0.02 0.01

Displays model parameters necessary to match data for various initial transport cost parameters. Targets for 1880 include: (1)
agriculture’s overall employment share; (2) relative agricultural wages in the Midwest; (3) over Midwest incomes relative to the Northeast.

Also targetted is the 1980 Midwest incomes relative to the Northeast. Initial capital stock ensures 1880 capital returns equal the steady-state
returns.
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Figure 1: US Census Regions
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Image produced by the US Bureau of Transportation Statistics; Source: US Census Bureau.
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