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What Gains from Transportation Infrastructure?

What is the value of something?

Economics generally values things based on how much people are
willing to pay for them

e Fogel's Nobel Prize, social savings method
e Land values, hedonic method
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What Gains from Transportation Infrastructure?

What is the value of something?

Economics generally values things based on how much people are
willing to pay for them

e Fogel's Nobel Prize, social savings method
e Land values, hedonic method

But, the gains can be much larger
o When the economy has “distortions”
e Aggregate productivity growth without technological innovation
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Canonical Infrastructure: The Railroads

Did railroads have substantial impact on American economic growth?
e Fogel argued no: social savings upper bound (2.7% of GDP)

Social Savings:
e Cost of accommodating the absence of a technology
e Upper bound because it does not allow activity to decline

Implies one technology cannot substantially drive economic growth
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Change in Transportation Network

Waterways and No Railroads
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Change in Transportation Network
Waterways and 1850 Railroads
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Change in Transportation Network
Waterways and 1860 Railroads
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Change in Transportation Network
Waterways and 1870 Railroads
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Change in Transportation Network
Waterways and 1880 Railroads
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Change in Transportation Network
Waterways and 1890 Railroads
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Change in Transportation Network
Waterways and 1900 Railroads

Hornbeck Amplified Gains from Transportation



A “Market Access” Approach

Hedonic Method: impacts capitalized in land values

But, the impacts of what?
Railroads are almost everywhere, and affecting everywhere
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o Estimate effects from expansion of RR network, and its removal
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A “Market Access” Approach

Hedonic Method: impacts capitalized in land values

But, the impacts of what?
Railroads are almost everywhere, and affecting everywhere

Solution: changes in market access (Donaldson and Hornbeck, 2016)
e Mapping transportation routes
o Estimate effects from expansion of RR network, and its removal

Estimated impact on land values: worth 3.2% of GDP

Opens a path for further analysis
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Constructing a Network Database

Network database of transportation modes
e Navigable waterways, time invariant
¢ Railroad maps, 1860 — 1900
e Wagon routes
e Transshipment points (rail-wagon, rail-water, harbors, etc)

Transportation rates per ton mile (Fogel 1964)
e 0.63 cents for railroads
e 0.49 cents for rivers
e 50 cents for transshipment
e 23.1 cents for wagons

Solve for lowest-cost route between counties ¢ and d in each ¢
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Measuring Railroad Impacts through “Market Access”

Model of supply and demand, with trade costs and factor mobility:
e Consumers have preferences over goods varieties

e Producers have Cobb-Douglas production function for varieties
(using labor, capital, land, and materials), with varying productivity
and production function elasticities

e Output and Materials costly to trade, iceberg 7
e Capital and Labor freely mobile, r and real wage constant
e Land fixed, rental price is endogenous

Output and input choices impacted by “Market Access:”
e Full version: MA, = 3", 7' Y.,MA !
e Approximation: MA(L). = Y. 7;"La
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Changes in Log Market Access
1860 to 1870
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Changes in Log Market Access

1870 to 1880
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Changes in Log Market Access
1880 to 1890
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Changes in Log Market Access
1890 to 1900
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Broader Impacts of Market Access

Impacts on land value are only a (small) part of the story

Land is the fixed factor, but surplus is not paid to factors:
e Pro=R.— > EF

How does market integration impact aggregate productivity?
(Hornbeck and Rotemberg, 2024)
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Broader Impacts of Market Access

Impacts on land value are only a (small) part of the story

Land is the fixed factor, but surplus is not paid to factors:
e Pro=R.— Y, Ek

How does market integration impact aggregate productivity?
(Hornbeck and Rotemberg, 2024)

Much larger effects:
e Aggregate productivity loss without railroads: 27% of GDP
e Aggregate loss under proposed canal network: 24% of GDP
e 48% social return on railroad capital, 10x the private return
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Data from Census of Manufacturers

Digitized county-by-industry tabulations
e 1860, 1870, 1880

Value of output, material costs, labor costs, capital stock
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County-By-Industry Tables

AVERAGE NUMBER OF
HAKDS EMPLOYED.

Total
No. of
estab- ; amerit ot | vupoeot | Vitgeor
3 tal, in W
Gountles and industries, Steb- | Gapi Siion: ot |Bilfisen durlnggth matenats, | produeta.
. el abovel6 |abovols| en
years, | yenrs. | youths.
FrEDERICK—Ccontinned.
Turhifnre e e .- - 16 , 360 $6, 055 $18, 042 $30, 595
Iron and steel.. . 2 575,000 50, 000 185, 000
Lenther, curried. 3 21,850 2,410 0, 420
Leather, taned. Z Wl A 101,100 16,762 208, 857
12 65,050 20,415 ) 690
Liquors, distilled . 3 31,000 1,780 20,180
Printing and yuhliﬂhmg 5 21,800 8,850 , 7Ol
Snddlery and harness 19 21,850 6,155 47,301
Susl, dooxs, and blinds. 3 , 000 11, 641 48, 000
TinWAre, COPPeTTVATD, 14 83,881 10,100 55, 976
Tobaceo, cigars and e 1 11,800 2 .. 4 6,002 2,007
GamnErT: '
Flonring. and 1 18, 1,084 20,405 , 535
Lumber, snwe 2 308,750 45,0640 219, 287 800, 516
Toolen goods . 2 [ 305 - 87 0, 722
Haurorp:
3 40,500 4,300 32,050 41, 560
Flouring- and grist-mill products ........ 4 169, 000 ,910 252,790 209, 364
TFruits and vegeml)h,u. annneil and pra!e'n'e 58 186, 802 83,155 838,482 535, 804
Kaolin and ground earths. 5 48,400 12, 280 , 800 1, 060
amber, sawed ... 113,150 12,322 49,842 81,607
’ 1 2,000 12,700 18,806 28,000
Howarp:
3 574,816 105 218 120 100,418 433,031 8,
17 88,200 36 0,514 1015280 124, 501
1 50,000 2 |- 7,000 o0 60,
Agri impl 12 24,250 33 .. 12,801 9,000 92,349
Fertilizers . 2 23,000 16 1,700 14, 825 21, 050
Flouring. and grigtanill products [ 40,600 B 2,776 88, 745 70, 657
TFruits and vogetables, canned and prosorved 1 22,000 10 118 6,000 8,000 35, 000
DMEONTGOMERY 3
12078 nreeen ! 1 21,00 8l 2,200 26,000 31, 500
Flouring- and grist-mill produets ...... - 30 321,650 49 11,111 174, 248 202, 177
PRINCE GEORGE'S:
1 270,000 28 35, 085 141, 518 222, 001
15 45,738 54,20 04, 40
1 000 15 31, 560 47,042 80,700
] 16,400 7,765 18,002 82,047

20/28



Establishment-level Manuscripts

Poge No. 2. Poge No. 3.
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Measuring County Productivity

Define county productivity broadly as its aggregate surplus:
e Pre=R.— >, Ef
e How much output value is not used up by input costs (Solow 1957)
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Measuring County Productivity
Define county productivity broadly as its aggregate surplus:

e Pre=R.— >, Ef
e How much output value is not used up by input costs (Solow 1957)

Impact of market access on log productivity:

o OInPrc _ [IRcInR —Z EQInEX] 1
dInMA — | 8InMA k @InMA | Pr.
dInPr. __ | dInR k 0InEF | R

® InMA [8Ian‘\ ~ 2 kS omMA| Pre

e sk is the revenue share of input k
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Measuring County Productivity
Define county productivity broadly as its aggregate surplus:

e Pre=R.— >, Ef

e How much output value is not used up by input costs (Solow 1957)

Impact of market access on log productivity:

o OInPrc _ [IRcInR —Z EQInEX] 1
dInMA — | 9InMA k InMA | Pr.
° OInPr. _ | OInR, _Z k alnE R
dInMA — | 9InMA kSc o MA Pr.

e sk is the revenue share of input k

Impact can be decomposed into two components (TFPR and AE):

0InEf R

dInMA

dlnPr. __ dInR k OInEk
it = (| Fins - Teokgns| + | Talok — Dz | ) &

OInMA —
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Measuring County Productivity
Define county productivity broadly as its aggregate surplus:
e Pre=R.— >, Ef
e How much output value is not used up by input costs (Solow 1957)

Impact of market access on log productivity:
dlnP OR:InR, EDInEK] 1
nrre __ [ cInNRe Zk c]

9InMA — | 9InMA 9InMA | Pr.
OnPre _ [ 0lR. ok OInEF ] R
9InMA — | 9InMA kScaInMA | Dr,

e sk is the revenue share of input k
Impact can be decomposed into two components (TFPR and AE):
gll:z\%x - ([aaanJ\I/}fq — 2k O/cca%:,nz\%} [Zk( )88h|1n]\]/51A}) PR7CC
County input gaps: (af — s¥)

o Reflect value marginal products greater than marginal costs
e Markups, input frictions, other distortions
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Estimated Growth in Productivity

Substantial estimated relative impacts on productivity:

e From 1860 to 1880, 1 s.d. greater increase in market access
increased manufacturing productivity by 20%

e Effect driven by county AE, little change in county TFPR
e Insensitive to controls for local railroad construction

Little impact of MA on input gaps, but:

e Increased MA induced general expansion in economic activity, in
the presence of distortions
e Shifted inputs to places with greater distortions
— Leon Moses: location matters

e Increased aggregate input-use
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Figure 4. Counterfactual Changes in Market Access, by County
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Appendix Figure 9. County-level Gaps in the Counterfactual Analysis
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Figure 5. Counterfactual Changes in Productivity, by County
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Why Such Large Effects?

Large impacts driven by factor misallocation

e Increased inputs in marginally productive counties
(where value marginal product exceeds marginal cost)

e Historical inefficiencies not especially high: less than modern US,
modern developing countries
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When resources are allocated inefficiently, widely-used
infrastructure/technologies have substantially larger economic benefits
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Why Such Large Effects?

Large impacts driven by factor misallocation

e Increased inputs in marginally productive counties
(where value marginal product exceeds marginal cost)

e Historical inefficiencies not especially high: less than modern US,
modern developing countries

When resources are allocated inefficiently, widely-used
infrastructure/technologies have substantially larger economic benefits

Hard: make places more efficient
Easy: expand activity in places that are inefficient

Hard: increase aggregate productivity through TFP growth
(Mokyr: “Lever of Riches” and “Gifts from Athena”)
Easy: increase aggregate productivity through greater input-use
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In Sum

Substantial productivity impacts from market access (and railroads)
e Key: presence of misallocation
e Social savings are not a meaningful upper bound
e Land values miss substantial economic gains

Reducing inefficiencies is good, but:

e Increased inputs generates much larger economic gains in the
presence of market inefficiencies

e With great problems come great possibilities

Future: establishment-level data, with values and quantities
e Agenda on causes and consequences of productivity growth
e Website launched today: CMFdata.org
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