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Many governments subsidize agriculture and, particularly in arid environments, these 

subsidies often include artificially-low costs of water for agricultural production. Devel

opment of the agricultural sector may support broad economic development (Vogel 1994; 

Johnson 2000; Gollin, Parente, and Rogerson 2002; Nunn and Qian 2011), though produc

tivity gains in the agricultural sector may crowd-out non-agricultural production (Foster 

and Rosenzweig 2004). This issue is central to economic policy, yet there are few empirical 

settings to examine in detail how exogenous gains for the agricultural sector affect economic 

development over time. 

This paper estimates local economic impacts from a windfall gain to the agricultural sec

tor, exploiting local variation in United States Plains counties’ access to the Ogallala aquifer. 

The Ogallala was formed by ancient runoff from the Rocky Mountains, trapped below the 

modern Great Plains, and it maintains distinct irregular boundaries that cut across modern 

soil groups. The Ogallala was first discovered in the 1890s, but it remained mainly inac

cessible. Following World War II, improved pumps and center pivot irrigation technology 

made Ogallala groundwater available for large-scale irrigated agriculture. Access to Ogallala 

groundwater greatly increased Plains’ counties agricultural land values and revenues; esti

mated land value premiums capitalize the Ogallala’s peak value at $26 billion in the 1970’s 

(Hornbeck and Keskin 2011). 

Expansion of the agricultural sector could generate benefits for the local non-agricultural 

economy, though there are two competing channels through which other economic activity 

may be restricted. First, increased agricultural land values may increase non-agricultural 

sectors’ costs for land and labor. Second, some agricultural practices may create disameni

ties for workers and increase labor costs in non-agricultural sectors. For the agricultural 

sector to generate benefits for local non-agricultural sectors, these negative impacts must be 

outweighted by productivity spillovers or increased demand for non-tradable goods. These 

competing effects are reflected in a simple Roback-style general equilibrium model. 

The empirical specifications compare changes in counties over the Ogallala with changes 

in nearby counties in the same state and soil group, controlling for longitude, latitude, average 

precipitation, and average temperature (Hornbeck and Keskin 2011). Historical county-level 

data are merged with a United States Geological Survey map of the Ogallala’s boundary. 

Ogallala counties and non-Ogallala counties were similar prior to improved groundwater 

availability, lending support to the identification assumption that Ogallala counties would 

otherwise have changed similarly to non-Ogallala counties. 

While the Ogallala generated substantial gains within the agricultural sector, the empiri

cal estimates do not indicate positive spillover impacts on the local non-agricultural economy. 

Rural farm population increased in counties over the Ogallala, but urban population declined 
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substantially and contributed to an overall decline in population. Counties over the Ogal

lala experienced little increase in manufacturing. Ogallala counties experienced some initial 

increases in revenue within the wholesale, retail, and service sectors; after an initial increase 

associated with increased agricultural land values, however, these sectors subsequently de

clined. Overall, the non-agricultural economy does not appear to have derived direct benefits 

from the agricultural sector that compensated for higher input costs. 

In understanding the mechanisms through which the agricultural sector affects non

agricultural sectors, there is some indication of temporarily higher housing costs and wages. 

The available data are limited, however, and the estimates are statistically imprecise. Despite 

higher agricultural land values, housing costs may have been kept from rising by increased 

consumption disamenities associated with agricultural production, such as increased com

mercial fertilizers, agricultural chemicals, and noxious swine farms. There is some evidence 

of displacement of urban population to nearby non-Ogallala counties, but otherwise there 

were few detectable geographic spillover effects on nearby counties. 

Overall, the empirical estimates do not indicate positive spillover impacts of the agri

cultural sector gains on the local non-agricultural economy, and there is some evidence of 

crowd-out. The absence of positive spillover impacts is particularly striking, as the empirical 

research design would overstate positive spillovers if Ogallala groundwater had direct benefits 

for non-agricultural sectors. Thus, even from a local perspective, public support of the agri

cultural sector does not appear to generate positive economic spillovers that might justify its 

distortionary impacts. Reducing agricultural subsidies, particularly by allowing higher agri

cultural water costs, may increase economic efficiency without discouraging non-agricultural 

economic growth.1 

Background on the Ogallala Aquifer and its Impacts on Agriculture 

The Ogallala aquifer lies under 174,000 square miles of the Great Plains, making it one of 

the world’s largest underground freshwater sources.2 The Ogallala was formed by ancient 

runoff from the Rocky Mountains. Its modern boundary is sharply defined by the location 

of ancient valleys and hills, which have long since been covered and obscured on the surface. 

The Ogallala was first discovered by the United States Geological Survey in the 1890s, 

but was initially considered of limited agricultural importance. Ogallala groundwater was 

only available to farmers on a limited scale through the use of early pumps, windmills, and 

irrigation techniques. Prior to the 1940’s, agricultural outcomes were similar in counties over 

1For the case of water subsidies, in particular, allowing farmers to sell water rights might increase water-use 
efficiency and still compensate farmers (Rosegrant and Binswanger 1994; Thobani 1997; Easter, Rosegrant, 
and Dinar 1998). 

2See Hornbeck and Keskin (2011) for more-detailed historical background and references. 
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the Ogallala and nearby non-Ogallala counties (Hornbeck and Keskin 2011). 

After World War II, automobile engines were adapted to power improved pumps that 

lifted groundwater cheaply and in larger volumes. Groundwater irrigation increased with 

the subsequent introduction and adoption of center pivot technology. Agricultural land 

values increased substantially in counties over the Ogallala; over time, land-use adjusted to

ward water-intensive crops and agricultural revenues increased further (Hornbeck and Keskin 

2011).3 

Agriculture accounts for the majority of Ogallala groundwater extraction. Of course, 

Ogallala groundwater may be used for non-agricultural purposes. To the extent that Ogallala 

groundwater directly benefits non-agricultural sectors, the empirical analysis will overstate 

positive impacts of the agricultural sector on the local non-agricultural economy. 

Farmers in nearby counties do not access Ogallala groundwater using pipelines or any 

system of exchange. Agriculture over the Ogallala may indirectly affect non-Ogallala counties 

through other economic channels, though agricultural outcomes are estimated to change 

similarly in nearby non-Ogallala counties and further non-Ogallala counties (Hornbeck and 

Keskin 2011). 

Appendix Figure 1 maps counties over the Ogallala and counties within 100km of the 

Ogallala boundary, shaded to reflect the irrigated percent of county land (from Hornbeck 

and Keskin 2011). In 1935, there was little irrigation in all sample counties, aside from a few 

counties on major rivers (panel A). By 1974, irrigation increased substantially in counties 

over the Ogallala, while counties within 100km were relatively unchanged (panel B). 

Appendix Figure 2 shows spatial patterns in agricultural land values that are consistent 

with substantial economic gains in the agricultural sector from increased access to Ogallala 

groundwater (from Hornbeck and Keskin 2011). There are strong regional determinants of 

land values; within local areas, however, Ogallala counties and non-Ogallala counties had 

similar land values in 1920 (panel A). By 1964, land values are generally higher over the 

Ogallala than in nearby counties not over the Ogallala (panel B).4 

II A Model of Cross-Sector Spillover Impacts 

To explore the impacts on non-agricultural sectors from a windfall gain to the agricultural 

sector, we outline a basic two-sector Roback-style model (Roback 1982).5 Sectors affect each 

3Most areas retain sufficient groundwater to supply irrigation pumps; as water levels decline, however, 
small sections of the Ogallala have become unavailable for large-scale irrigation. 

4Counties are shaded in each year to reflect their quintile in the distribution of counties’ average value of 
agricultural land per county acre. 

5This model is similar to the framework outlined by Foster and Rosenzweig (2004), though we allow for 
perfect labor mobility in focusing on the United States rather than India. If labor mobility is restricted, 
there are larger crowd-out effects of the agricultural sector on the non-agricultural sector through increased 
local wages. 
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other through shared factor markets. We also allow for the agricultural sector to create 

consumption disamenities for the local population (e.g., though increased use of agricul

tural chemicals) or production amenities for the local non-agricultural sector (e.g., through 

customer-supplier relationships). Second, we consider the within-county sectoral effects and 

cross-county geographic effects when goods are not traded internationally and workers are 

able to commute. 

II.A Two-Sector Model with Internationally Traded Goods 

We allow for two production sectors: agriculture and industry. In each sector, all firms use 

labor L, capital K, and land T to produce an internationally traded good whose price is 

fixed and is normalized to one. Firms in each county c and sector s maximize the following 

expression: 

max f s(As
c, L, K, T ) − wcL − rcK − qcT 

L,K,T 

where wc, rc, and qc are input prices and As
c is a sector-specific productivity shifter. In 

particular, AA
c is allowed to depend on whether county c can access groundwater from the 

Ogallala aquifer. 

Let Ls∗(w, r, q) be the optimal level of labor inputs in sector s, given the prevailing wage, 

cost of capital, and cost of land. Similarly, let Ks∗(w, r, q) and T s∗(w, r, q) be the optimal 

level of capital and land, respectively. In equilibrium, the marginal product of each factor is 

set equal to its price. 

The supply of land is fixed in each location. Capital is internationally traded, so its price 

does not depend on local demand or supply conditions. Labor is supplied by the workers who 

live in each location; for simplicity, we assume that all residents provide a fixed amount of 

labor. Workers’ indirect utility depends on wages and the cost of housing, which is increasing 

in the price of land. We assume that workers are fully mobile.6 

When counties over the Ogallala aquifer become able to access its groundwater, the de

mand for farmland increases over the Ogallala. If the demand for industrial land is inelastic, 

then the county-wide price of land can increase substantially with little increase in total 

farmland. Due to an increase in the opportunity cost of land, the cost of housing increases 

and workers are only willing to remain if wages increase. Industrial firms’ cost of labor and 

land both increase, so industrial output and the industrial workforce decline. 

The predicted change in total population depends on how much access to the Ogallala 

increases demand for labor in the agricultural sector, compared to how much higher land 

prices and wages decrease demand for labor in the industrial sector. The rural farm popula

6If labor were imperfectly mobile, then expansion of the agricultural sector (and increased labor demand) 
would increase labor costs further for the non-agricultural sector (Foster and Rosenzweig 2004). 
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tion is predicted to increase, while the rural non-farm population and the urban population 

are predicted to decline.7 In the absence of any consumption disamentities or production 

amenities, the model predicts increases in land values, housing costs, and wages. 

Agricultural Disamenities for Local Population: Agricultural production may create con

sumption disamenities for the local population. Consider the case in which a person’s indi

rect utility is decreasing in total agricultural output; in practice, this may reflect particular 

agricultural practices associated with groundwater access, such as increased exposure to 

agricultural chemicals, fertilizers, and noxious swine farms. 

When counties now gain access to the Ogallala aquifer, there is still an increase in the 

demand for farmland and the value of agricultural land. The cost of housing will increase by 

less, or may even decline, yet workers must receive a wage premium to remain in Ogallala 

counties. The industrial sector faces higher costs for land and labor, so there will be a decline 

in industrial output and the industrial workforce. 

Agricultural Amenities for Local Industrial Firms: Agricultural production may also 

create production amenities for the industrial sector. While recent estimates of agglomeration 

and co-agglomeration spillovers have focused on relationships within the industrial sector 

(Ellison, Glaeser, and Kerr 2010; Greenstone, Hornbeck, and Moretti 2010), agricultural 

production may affect the industrial sector through similar channels. For example, local 

customer-supplier relationships may increase productivity or lower transaction costs if some 

outputs of the agricultural sector are intermediate inputs for the industrial sector and vice 

versa.8 Rather than extend the model to include intermediate goods or knowledge sharing, 

we simply allow for industrial productivity to be increasing in total county agricultural 

output.9 

For interpreting any increases in the industrial sector as evidence for production ameni

ties, a crucial assumption is that Ogallala groundwater is not a direct input for the industrial 

sector. In practice, some industrial firms may use Ogallala groundwater as a direct input, 

which would overstate the presence of production amenities from the agricultural sector. 

Similarly, workers may directly consume Ogallala groundwater, which would lower local 

wages and overstate the presence of production amenities. 

When counties gain access to the Ogallala aquifer, the primary impacts are an increase 

7In principle, access to Ogallala groundwater may be labor-saving and the rural farm population could 
also decline. 

8We continue to assume that final goods are traded internationally, though this assumption is relaxed in 
the next section. 

9Productivity spillovers between both the agricultural and industrial sectors could generate multiple 
equilibria; for theoretical simplicity, we allow only model spillovers from the agricultural sector to the indus
trial sector. In practice, the empirical results could capture changes from a lower-output equilibrium to a 
higher-output equilibrium. 
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in the demand for farmland and the value of agricultural land. Agricultural production 

increases; if agriculture generates production amenities for industry that outweigh higher 

costs for land and labor, then the industrial sector may also expand. Higher labor demand 

(and higher wages) attract workers into the county until land prices (and housing costs) 

increase sufficiently to establish equilibrium. 

Combined Comparative Statics: Combining the direct price effects, consumption dis-

amenities, and production amenities, the competing effects on the industrial sector can be 

summarized by considering changes in the initial level of profits for incumbent industrial 

firms. We consider the “short-run” change in industrial firms’ profits after a county gains 

access to the Ogallala, the agricultural sector expands, and population adjusts, but before 

changes in the size of the industrial sector. We write the “short-run” level of industrial firm 

profits, Π∗ , as: 

 	  
Π ∗	 = f I AI (O), L ∗ (w(O), r, q(O)) , K ∗ (w(O), r, q(O)) , T ∗ (w(O), r, q(O))

− w(O)L ∗ (w(O), r, q(O)) − rK ∗ (w(O), r, q(O)) − q(O)T ∗ (w(O), r, q(O)) , 

where we now allow for productivity, wages, and land prices to depend on the agricultural 

sector’s access to the Ogallala. 

Consider the total derivative of an industrial firm’s short-run profits with respect to a 

change in access to the Ogallala:   
dΠ∗ ∂f ∂A 

= ×	 (1)
dO ∂A ∂O              

∂w ∂L∗ ∂f	 ∂K∗ ∂f ∂T ∗ ∂f 
+	 − w − L ∗ + − r + − q

∂O ∂w ∂L	 ∂w ∂K ∂w ∂T               
∂q ∂L∗ ∂f ∂K∗ ∂f ∂T ∗ ∂f ∗+	 − w + − r + − q − T . 
∂O ∂q ∂L ∂q ∂K ∂q ∂T 

If firms are price takers and all factors are paid their marginal product, equation (1) simplifies 

to:   
dΠ∗ ∂f ∂A ∂w ∂q 

= × − L ∗ − T ∗ .	 (2)
dO ∂A ∂O ∂O ∂O 

Equation (2) makes clear that industrial firms are affected through three channels. The first 

term increases industrial firm profits and encourages expansion, if access to the Ogallala 

causes the agricultural sector to create production amenities for the industrial sector. The 

second term decreases industrial firm profits and encourages contraction, if access to the 

Ogallala increases local wages through increased consumption disamenities or higher housing 
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costs for workers.10 The third term also decreases industrial firm profits and encourages 

contraction, if access to the Ogallala increases local land prices through increased demand 

for agricultural land. 

As access to Ogallala groundwater leads to expansion of the agricultural sector, the main 

empirical predictions are: 

1) Non-agricultural sectors will contract, unless direct productivity spillovers compensate 

for higher costs of land and labor. 

2) Wages will increase, even if workers are fully mobile, due to consumption disamenities 

from the agricultural sector or higher housing costs. 

3) Housing costs may decrease or increase, depending on the relative magnitude of con

sumption disamenities and competition for land from the agricultural sector. 

II.B Extended Model with Locally Traded Goods and Commuting 

The above model assumes that goods are traded internationally; as this assumption is re

laxed, expansion of the agricultural sector has a more positive impact on the local industrial 

sector. Ogallala counties may also generate spillover impacts on nearby non-Ogallala coun

ties. 

If some portion of industrial goods are consumed locally, then expansion of the agri

cultural sector may increase demand for the local industrial sector. In particular, if the 

agricultural sector uses inputs supplied by the local industrial sector, then increased demand 

from the agricultural sector will encourage expansion of the industrial sector (aside from any 

associated productivity spillovers).11 This increase in local demand can be represented, in 

a reduced-form way, by a greater impact of the agricultural sector on (revenue) production 

amenities in the industrial sector. 

If some portion of agricultural goods are consumed locally, then agricultural prices will 

fall in Ogallala counties. First, if the industrial sector uses inputs supplied by the local 

agricultural sector, then lower input prices would encourage industrial expansion. Second, 

if workers directly consume local agricultural products, then workers would be willing to 

accept lower wages and industrial firms would benefit from lower labor costs.12 

If agricultural markets are local, then agricultural land values would also decline in 

nearby non-Ogallala counties. Lower land values in nearby areas would attract workers 

10If workers are imperfectly mobile, then wages may also increase due to increased competition for labor 
from the agricultural sector (Foster and Rosenzweig 2004). 

11If local workers own land or if agricultural renters capture a substantial portion of increased returns 
(Kirwan 2009), then higher agricultural land values will also increase local workers’ assets and their demand 
for industrial goods. 

12Depending on changes in the industrial sector, local changes in industrial prices would also affect workers. 
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and industrial firms to these areas.13 There would be particular displacement of workers 

from Ogallala counties to nearby non-Ogallala counties if workers are able to commute and 

if commuting avoids some portion of the agricultural sector’s consumption disamenities. 

The main additional empirical predictions are: 

1) Local markets for industrial goods are observationally similar to “production ameni

ties,” encouraging expansion of the industrial sector and increased population. 

2) Local markets for agricultural goods are reflected in decreased agricultural land values 

in nearby non-Ogallala counties; through a decrease in land values, this may encourage 

expansion of the industrial sector and population in nearby non-Ogallala counties. 

3) If workers are able to commute, then geographic spillover effects will be more pro

nounced, particularly if commuting workers are able to avoid consumption disamenities from 

agriculture over the Ogallala. 

III Data Construction and County Differences by Ogallala Share 

Historical county-level data are drawn from the US Censuses of Agriculture and Population 

(Gutmann 2005; Haines 2005).14 The main variables of interest include: irrigated acres 

and total acres of farmland; value of agricultural land and revenue; total population and 

population by rural farm, rural non-farm, and urban; the number of establishments and 

total output for manufacturing, wholesale, retail, and service sectors; retail sales per capita; 

manufacturing payroll per worker; median dwelling value; and median dwelling rent. The 

empirical analysis focuses on a balanced panel of Plains counties, from 1920 to 2002, for 

which data are available in every period of analysis. To account for occasional changes 

in county borders, data are adjusted in later periods to maintain 1920 county definitions 

(Hornbeck 2010). 

Figure 1 maps the Ogallala aquifer, overlaid with county borders in 1920. The shaded area 

represents the United States Geological Survey’s estimated original boundary of the aquifer, 

prior to intensive use for agriculture. The main sample is restricted to counties within 100 

kilometers of the aquifer boundary. Changes in water levels are potentially endogenous to 

agricultural activity, so the empirical analysis assigns groundwater availability using USGS 

pre-development Ogallala boundaries. 

The empirical research design exploits spatial variation in access to Ogallala groundwater, 

comparing counties over the Ogallala with nearby similar counties. To focus on comparisons 

among “nearby similar counties,” as in Hornbeck and Keskin (2011), the empirical spec

ifications control for average differences by state, soil group, longitude, latitude, average 

13If the agricultural sector creates production amenities that increase industrial productivity in nearby 
counties, then industrial firms will also be attracted to nearby non-Ogallala areas. 

14We thank Haines and collaborators for providing additional data. 
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precipitation, and average temperature.15 

Table 1 reports differences between Ogallala and non-Ogallala counties in 1940, prior 

to the widespread availability of Ogallala groundwater for irrigation. For the outcome vari

ables of interest, there are some unconditional differences between Ogallala and non-Ogallala 

counties (column 2). For specifications that increasingly include the control variables, how

ever, there are few substantial or statistically significant differences by county Ogallala share 

(columns 3 – 5). When data are available for these outcome variables prior to 1940, sub

sequent tables also report small differential pre-changes by county Ogallala share. These 

estimates lend support to the identification assumption that Ogallala counties would have 

continued to change similarly to non-Ogallala counties, if not for increased access to Ogallala 

groundwater. 

IV Empirical Framework 

In the initial empirical specifications, outcome Y in county c is regressed on the fraction of 

county area over the Ogallala, state fixed effects αs, the fraction of county area in each soil 

group γg, and linear functions of four county characteristics Xc (average rainfall, average 

temperature, longitude, and latitude). These cross-sectional specifications are pooled across 

all time periods, with each coefficient allowed to vary in each time period: 

Yct = βtOgallalaSharec + αst + γgt + θtXc +  ct (3) 

In each time period, the estimated β reports the average difference between counties entirely 

over the Ogallala and counties never over the Ogallala.16 

The estimated β’s can be interpreted as the impact of the Ogallala in each year, under 

the identification assumption that sample counties would have had the same average out

comes in each year if not for the Ogallala. In practice, this identification assumption must 

hold after controlling for other differences correlated with state, soil group, precipitation, 

temperature, longitude, and latitude. In this way, the research design exploits the sharp 

15State fixed effects capture differences in region, state agricultural extension services, and other state-
level policies. Soil group fixed effects proxy for detailed regional determinants of agricultural production: for 
example, “Alluvial Soils” occur along major rivers and predict higher irrigation in 1935 and “Sand and Silt” 
in North-Central Nebraska is unproductive for agriculture. The Ogallala boundary cuts across major soil 
groups; importantly, as the analysis effectively compares Ogallala and non-Ogallala counties within the same 
soil group. Climate and geographic location may also influence agricultural production, even within-state 
and within-soil group. Because non-Ogallala counties surround the Ogallala region, there is variation in 
Ogallala access within similar climate, longitude, and latitude. 

16Some counties are partly over the Ogallala, and this specification assumes that the effect of the Ogallala 
is linear in the fraction of county area over the Ogallala. From graphing county residual changes in irrigated 
farmland against county residual Ogallala shares, the effect of the Ogallala appears roughly linear in the 
share of county area over the Ogallala. 
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spatial discontinuity created by the Ogallala’s irregular boundary. 

Differences in the estimated β’s, from one year to another year, report the average change 

for an Ogallala county relative to a non-Ogallala county over that time period. The change in 

β’s can be interpreted as the changing impact of the Ogallala, under the weaker identification 

assumption that sample counties would have had the same average changes if not for the 

Ogallala. Differencing the estimated coefficients is numerically equivalent to estimating 

equation (3) in differences or with county fixed effects.17 

Equation (3) is modified to report directly the estimated changes in county-level out

comes, relative to 1940: 

Yct − Yc1940 = βtOgallalaSharec + αst + γgt + θtXc + ct (4) 

The estimated coefficients report relative changes for counties over the Ogallala, compared 

to any differences in 1940. 

The Ogallala’s impact may vary over the analyzed region. For example, the Ogallala 

may have less impact in areas with unproductive soil and more impact in areas with water 

deficiencies. For simplicity, the analysis reports the impact of the Ogallala on the average 

acre of land over the Ogallala. For this purpose, the regressions are weighted by county size. 

For the statistical inference, standard errors are clustered at the county level to adjust for 

heteroskedasticity and within-county correlation over time. 

V Results 

V.A Estimated Impacts on the Agricultural Sector 

Table 2 reports estimated direct impacts of the Ogallala on the agricultural sector (Hornbeck 

and Keskin 2011). From estimating equation (3), columns 1 – 4 report year-specific cross-

sectional differences by Ogallala share in: acres of irrigated farmland per county acre, acres 

of total farmland per county acre, the log value of agricultural land and buildings, and the 

log value of agricultural revenue. 

In 1935, irrigation was a statistically insignificant 0.4 percentage points lower in Ogallala 

counties than in non-Ogallala counties (Column 1). By 1950, irrigation was 1.6 percentage 

points higher in Ogallala counties than in non-Ogallala counties. As groundwater irrigation 

technology improved and agricultural production adjusted, this difference increased to 11.6 

percentage points by 1978. Ogallala counties maintained substantially higher irrigation levels 

17Differencing and fixed effects are equivalent for two time periods; for this multi-period regression, the 
specification is essentially separable for any two time periods. The explanatory variables are fully interacted 
with time, such that the impact of each variable is allowed to vary in each year. The sample is also balanced 
in each regression, such that every county has data in every analyzed period. Thus, the estimated coefficients 
in any one year are not influenced by county outcomes in any other year. 
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through 1997. 

The fraction of county land in farms was similar in Ogallala and non-Ogallala counties 

through 1959, though higher in some periods (Column 2). Since the 1960’s, the fraction of 

county land in farms has been consistently higher by 5 to 7 percentage points in Ogallala 

counties. This small relative increase mainly reflects a slower absolute decline in farmland 

than in non-Ogallala counties. 

In the 1950’s, after the introduction of improved pumping and irrigation technologies, 

the value of agricultural land and buildings became consistently higher in counties over the 

Ogallala (Column 3).18 The land value premium peaks at 49% in 1964 (0.402 log points), 

and has since declined to 19% in 2002 (0.170 log points). 

Agricultural revenues have been higher over the Ogallala since the late 1940’s, but in

creased substantially in the 1970’s as agriculture shifted toward greater corn acreages over 

the Ogallala. The impact on revenues has increased in recent periods, as land values have 

declined, suggesting that the marginal return to water remains high and decreased land 

values reflect market expectations of exhaustion. 

Subsequent specifications compare changes in county outcomes relative to 1940, as the 

Ogallala began to have a consistent direct impact on the agricultural sector in the 1940’s. 

Depending on the channels through which the agricultural sector affects non-agricultural 

outcomes, the indirect impacts of the Ogallala may be more immediate or more gradual. 

V.B Estimated Impacts on Population 

Table 3 reports estimated impacts of the Ogallala on population; relative to the omitted 

year of 1940, each column compares changes in Ogallala counties and non-Ogallala counties 

from estimating equation (4). As the Ogallala became available for widespread irrigation, 

the overall population declined moderately in percents (column 1) and levels (column 2). 

Examining the changes in population by category, Ogallala counties experienced a moderate 

increase in rural farm population (column 3). By contrast, there were moderate declines in 

rural non-farm population and particularly in urban population (columns 4 and 5). 

V.C Estimated Impacts on Non-Agricultural Sectors 

Table 4 reports estimated impacts of the Ogallala on four non-agricultural sectors: manufac

turing, wholesale, retail, and services. We presume that these four sectors are ordered from 

producing more-internationally-traded goods to more-locally-traded goods, so we expect the 

impacts of local demand to be concentrated in the latter sectors. Any sector may experience 

18Over this long time period, data are only available for the combined value of agricultural land and 
buildings. From 1900 to 1940, when data are available separately for land and buildings, the value of land 
is the much larger component. 
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direct productivity spillovers through customer-supplier relationships, but we expect these 

to be more-concentrated in manufacturing. 

As the Ogallala became available for agricultural production, counties over the Ogallala 

experienced little change in the number of manufacturing establishments (column 1). For a 

smaller sample of counties, there were statistically insignificant increases in manufacturing 

value added (column 2). Estimated impacts on manufacturing do not increase as Ogallala 

groundwater became increasingly exploited, casting further doubt on whether there is an 

indirect benefit to the manufacturing sector. These estimates may also overstate any indirect 

benefits, to the extent that Ogallala groundwater is used directly in manufacturing. 

Over this same period, Ogallala counties experienced little change or moderate decline 

in the number of establishments and total sales in the wholesale, retail, and service sectors 

(columns 3 – 8). There is some evidence of an increase in wholesale/retail/service sales from 

1940 to 1950, which may reflect a temporary demand boom from the increase in agricultural 

land values. Over time, however, these positive impacts dissipated and were reversed. 

V.D Estimated Impacts on Housing Costs and Income Proxies 

Table 5 reports estimated impacts of the Ogallala on housing costs and available proxies 

for income. As agricultural land values increased from 1940 to 1950, there was a moderate 

but statistically insignificant increase in median dwelling values (column 1).19 In more 

recent periods, housing costs declined as agricultural land values also declined. There is 

insufficient statistical precision, however, and data are unavailable to control for changes in 

the composition of the housing stock. Median dwelling rents show less of an increase in 

housing costs, and decline while agricultural land values remained high (column 2). 

Despite higher agricultural land values, housing costs may have been kept from rising 

by increased consumption disamenities associated with agricultural production. Appendix 

Table 1 reports higher usage among Ogallala counties of commercial fertilizers, agricultural 

chemicals, and noxious swine farms. 

Table 5, column 3, reports changes in retail sales per capita, which is an available histor

ical proxy for average income (Fishback, Horrace, and Kantor 2005; Hornbeck forthcoming). 

This proxy for income increased as the Ogallala became increasingly exploited, though it 

declined in recent periods. Average manufacturing payroll per worker also increased, though 

the estimates are not statistically significant (column 4). These measures provide only a 

roughly proxy for local wages, and data are unavailable to adjust for changes in the compo

sition of the labor force. 
19The increase in median dwelling value is 20-25% of the increase in agricultural land value. 
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V.E Estimated Geographical Spillover Impacts 

The Ogallala may also have spillover impacts on nearby non-Ogallala counties. These 

spillover impacts are of independent interest, but also affect the interpretation of the previ

ously estimated relative impacts. There are minimal direct spillovers in access to water, as 

Ogallala water is not directly transferred to non-Ogallala counties for agricultural use. The 

Ogallala may also have limited indirect effects on agricultural prices because the Ogallala 

region represents a small share of national and world agricultural production. However, to 

the extent that some markets are more local, nearby non-Ogallala counties may be affected 

by changes in factor availability and terms-of-trade. 

To explore local spillover effects, we compare counties near the Ogallala to counties further 

from the Ogallala. Restricting the sample to counties with zero Ogallala share, equation (3) 

is modified to estimate the impact in each year of distance to the Ogallala boundary. For ease 

of interpretation, distance is measured in units of 100km and made negative. The estimated 

coefficients are interpreted as the impact of the Ogallala on the nearest sample counties, 

relative to the impact of the Ogallala on the furthest sample counties. 

Comparing counties near the Ogallala to counties further from the Ogallala, there is no 

substantial or statistically significant impact of the Ogallala on agricultural outcomes in 

nearby non-Ogallala counties (Hornbeck and Keskin 2011). When expanding the sample to 

counties 200km from the Ogallala boundary for increased statistical power, there remains 

little detectable impact of the Ogallala on nearby counties relative to further counties. 

Table 6 reports geographical spillover impacts on non-agricultural outcomes in nearby 

non-Ogallala counties, relative to further non-Ogallala counties. There is some evidence 

for increased urban population and wholesale sales in nearby counties, relative to further 

non-Ogallala counties, but less change among the other non-agricultural outcome variables. 

There are no longer increases in urban population and wholesale sales when the sample is 

expanded to counties within 200km of the Ogallala boundary. 

V.F Summary and Interpretation 

To Come. 

VI Conclusion 

To Come. 
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Figure 1.  Ogallala Region and Counties within 100km 

Notes:  The shaded area represents the original boundary of the Ogallala Aquifer, as mapped by the United States 
Geological Survey.  This map is overlaid with county borders, as defined in 1920, for all counties within 100km of 
the Ogallala boundary. 
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Table 1. Average County Characteristics in 1940 and Differences by Ogallala Share 
Coefficient on Ogallala Share: 

County Mean No Controls State State and State, Soil, 

Per county acre: (1) (2) 
Fixed Effects 

(3) 
Soil Group 

(4) 
Climate, X/Y 

(5) 
Panel A. Agriculture (per county acre) 
Farmland 0.847 0.122*** 0.048* 0.003 0.008 

(0.177) (0.025) (0.022) (0.026) (0.029) 
Irrigated Farmland (1935) 0.007 -0.002 -0.001 -0.003 -0.004 

(0.020) (0.002) (0.002) (0.003) (0.003) 
Log Value of Farmland 2.222 0.388** -0.142 -0.118 -0.027
 and Farm Buildings (1.065) (0.144) (0.121) (0.090) (0.105) 

Log Value of Farm 0.634 0.262* -0.138 -0.131 -0.064
 Revenue (0.978) (0.128) (0.132) (0.097) (0.113) 

Panel B. Population 
Total Population 14267 -7289*** -8019*** -5000* -4504 

(16213) (1648) (2209) (2416) (2826) 
Rural Farm Population 5134 -1034* -1370** -1348* -1134 

(4053) (498) (463) (605) (755) 
Rural Non-Farm 3854 -1689*** -1613*** -717 -346
 Population (3122) (396) (410) (535) (664) 

Urban Population 5311 -4584*** -5020** -2926 -2992 
(12540) (1174) (1781) (1831) (2069) 

Panel C. Non-Agricultural Sector Establishments and Output 
Log Manufacturing 1.96 -0.609*** -0.619*** -0.362 -0.349
 Establishments (1.099) (0.163) (0.185) (0.226) (0.245) 

Log Manufacturing 12.443 -1.118*** -0.873* -0.390 -0.540
 Value Added (1.695) (0.334) (0.364) (0.473) (0.520) 

Log Wholesale 3.118 -0.100 -0.162 -0.031 0.029
 Establishments (0.945) (0.130) (0.138) (0.153) (0.171) 

Log Wholesale Sales 13.972 -0.322 -0.271 -0.028 0.063 
(1.312) (0.185) (0.202) (0.234) (0.262) 

Log Retail 5.006 -0.503*** -0.500*** -0.293* -0.236
 Establishments (0.886) (0.113) (0.117) (0.137) (0.147) 

Log Retail Sales 14.673 -0.528*** -0.483** -0.227 -0.166 
(1.134) (0.149) (0.153) (0.178) (0.195) 

Log Service 3.883 -0.348** -0.434** -0.235 -0.133
 Establishments (0.954) (0.125) (0.136) (0.152) (0.172) 

Log Service Receipts 11.619 -0.539** -0.575** -0.370 -0.274 
(1.273) (0.169) (0.189) (0.212) (0.240) 

Panel D. Housing Costs and Income Proxies 
Log Median Dwelling 7.127 0.191* 0.065 0.018 -0.060
 Value (Owner-Occupied) (0.544) (0.088) (0.088) (0.090) (0.099) 

Log Median Dwelling 2.454 0.039 0.100 0.051 -0.026
 Rent (Renter-Occupied) (0.336) (0.050) (0.052) (0.060) (0.062) 

Log Retail Sales 5.497 -0.061 -0.039 0.058 0.024
 per capita (0.465) (0.067) (0.063) (0.076) (0.080) 

Log Manufacturing 8.012 0.031 0.017 0.033 0.053
 Payroll per worker (0.414) (0.075) (0.078) (0.089) (0.097) 

Notes: Column 1 reports average county characteristics in 1940, except for irrigated farmland for which data are first available in 
1935. County averages are weighted by county acres, and standard deviations are reported in parentheses. Columns 2 through 5 
report estimates from regressing each outcome on the fraction of county area over the Ogallala. Column 2 reports the 
unconditional difference. Column 3 controls for state fixed effects. Column 4 also controls for the fraction of county area in each 
soil group. Column 5 also controls for linear functions of county average precipitation, average temperature, longitude, and 
latitude. The regressions are weighted by county acres, and robust standard errors are reported in parentheses. ** denotes 
statistical significance at the 1% level, * at the 5% level. 
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Table 2. Estimated Differences in Agricultural Outcomes, by Ogallala Share and Year 
Irrigated Farmland Farmland Acres Log Value Farmland Log Farm Revenue 

per county acre per county acre per county acre per county acre 
Coefficient in year: (1) (2) (3) (4) 

1920 -0.007 -0.036 -0.021 
(0.038) (0.135) (0.128) 

1925 -0.010 -0.032 0.042 
(0.035) (0.112) (0.130) 

1930 0.046 0.221* 0.194 
(0.031) (0.104) (0.107) 

1935 -0.004 0.049* 0.153 
(0.003) (0.023) (0.093) 

1940 0.009 -0.027 -0.084 
(0.028) (0.105) (0.112) 

1945 0.056* 0.096 0.355** 
(0.029) (0.093) (0.103) 

1950 0.016* 0.017 0.269** 0.420** 
(0.007) (0.028) (0.085) (0.111) 

1954 0.034** 0.035 0.349** 0.382** 
(0.009) (0.032) (0.083) (0.123) 

1959 0.055** 0.006 0.345** 0.481** 
(0.011) (0.030) (0.090) (0.115) 

1964 0.066** 0.040 0.402** 0.470** 
(0.010) (0.026) (0.080) (0.128) 

1969 0.083** 0.052* 0.385** 0.571** 
(0.011) (0.024) (0.076) (0.124) 

1974 0.100** 0.050* 0.364** 0.894** 
(0.012) (0.020) (0.072) (0.130) 

1978 0.116** 0.062** 0.245** 0.798** 
(0.014) (0.019) (0.071) (0.126) 

1982 0.105** 0.067** 0.219** 0.919** 
(0.013) (0.020) (0.073) (0.130) 

1987 0.093** 0.051* 0.161* 0.868** 
(0.012) (0.020) (0.069) (0.127) 

1992 0.105** 0.045* 0.206** 1.003** 
(0.013) (0.022) (0.076) (0.141) 

1997 0.116** 0.059** 0.240** 1.166** 
(0.014) (0.022) (0.068) (0.145) 

2002 0.170* 1.284** 
(0.080) (0.153) 

Sample Counties 378 375 367 375 
Notes: Each column reports estimates from equation (3): the indicated outcome variable is regressed on the share 
of county area over the Ogallala, state fixed effects, the fraction of county area in each soil group, and linear 
functions of county average precipitation, average temperature, longitude, and latitude. All coefficients are 
allowed to vary in each year. The regressions are weighted by county acres, and robust standard errors clustered 
by county are reported in parentheses. ** denotes statistical significance at the 1% level, * at the 5% level. 
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Table 3. Estimated Changes in Population by Ogallala Share, Relative to 1940 
Population: 

Log Population Total Rural Farm Rural Non-Farm Urban 
Relative to 1940: (1) (2) (3) (4) (5) 

1920 -0.095 -646 341 

(0.084) (1083) (753) 

1930 0.008 -354 -62 -123 -174 

(0.047) (581) (235) (230) (406) 

1940 0 0 0 0 0 

1950 0.065 -619 549** 228 -1375 

(0.044) (1293) (159) (386) (1163) 

1960 0.050 -3961 995** -47 -4843 

(0.072) (3577) (324) (684) (3268) 

1970 0.022 -9806 1139* -464 -10484 

(0.090) (5707) (444) (625) (5580) 

1980 0.019 -14508 1138* -1179 -14493 

(0.100) (7824) (511) (812) (7767) 

1990 -0.052 -22007* 

(0.121) (10895) 

2000 -0.075 -30687* 

(0.131) (13832) 

Sample Counties 378 378 378 378 378 

Notes: Each column reports estimates from equation (4): the change in the indicated outcome variable, relative to 
1940, is regressed on the share of county area over the Ogallala, state fixed effects, the fraction of county area in 
each soil group, and linear functions of county average precipitation, average temperature, longitude, and latitude. 
All coefficients are allowed to vary in each year. The regressions are weighted by county acres, and robust 
standard errors clustered by county are reported in parentheses. ** denotes statistical significance at the 1% level, 
at the 5% level. 
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Table 4. Estimated Changes in Non-Agricultural Sectors by Ogallala Share, Relative to 1940 
Log Manufacturing Log Wholesale Log Retail Log Service 

Establishments Value Added Establishments Sales Establishments Sales Establishments Receipts 

Relative to 1940: (1) (2) (3) (4) (5) (6) (7) (8) 

1920 -0.040 

(0.177) 

1930 -0.162 

(0.113) 

1940 0 0 0 0 0 0 0 0 

1950 -0.021 0.321 0.075 0.357* 0.056 0.166** 0.054 0.168* 

(0.088) (0.224) (0.070) (0.138) (0.038) (0.050) (0.064) (0.072) 

1959 -0.059 0.160 -0.060 -0.193 0.074 0.201** -0.088 -0.126 

(0.115) (0.224) (0.090) (0.171) (0.056) (0.072) (0.081) (0.117) 

1969 0.109 0.325 -0.130 -0.017 0.078 0.197 -0.002 -0.126 

(0.152) (0.322) (0.100) (0.192) (0.066) (0.102) (0.087) (0.126) 

1978 0.011 0.174 0.047 -0.063 0.002 -0.029 -0.096 -0.126 

(0.162) (0.372) (0.130) (0.269) (0.084) (0.126) (0.107) (0.168) 

1987 -0.009 0.199 -0.168 -0.366 -0.067 -0.148 -0.214 -0.302 

(0.184) (0.437) (0.150) (0.271) (0.102) (0.152) (0.154) (0.195) 

1997 -0.203 -0.359 -0.076 -0.201 

(0.163) (0.256) (0.128) (0.176) 

Sample Counties 204 153 356 235 374 340 366 345 

Notes: Each column reports estimates from equation (4): the change in the indicated outcome variable, relative to 1940, is regressed on the share of 
county area over the Ogallala, state fixed effects, the fraction of county area in each soil group, and linear functions of county average precipitation, 
average temperature, longitude, and latitude. All coefficients are allowed to vary in each year. The regressions are weighted by county acres, and robust 
standard errors clustered by county are reported in parentheses. ** denotes statistical significance at the 1% level, at the 5% level. 
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Table 5. Estimated Changes in Housing Costs and Income Proxies, Relative to 1940 
Log Median 

Dwelling Value 
(Owner Occupied) 

Log Median 
Dwelling Rent 

(Renter Occupied) 

Log Retail Sales 
per capita 

Log Manufacturing 
Payroll per Worker 

Relative to 1940: (1) (2) (3) (4) 

1940 0 0 0 0 

1950 0.064 0.048 0.072 0.056 

(0.066) (0.064) (0.050) (0.097) 

1959 0.071 -0.008 0.120* 0.151 

(0.078) (0.069) (0.059) (0.099) 

1969 0.055 -0.035 0.178** 0.067 

(0.085) (0.067) (0.062) (0.096) 

1982 0.023 -0.019 -0.053 

(0.094) (0.068) (0.080) 

1992 0.015 -0.012 -0.068 

(0.093) (0.060) (0.083) 

Sample Counties 350 304 364 178 

Notes: Each column reports estimates from equation (4): the change in the indicated outcome variable, relative to 
1940, is regressed on the share of county area over the Ogallala, state fixed effects, the fraction of county area in 
each soil group, and linear functions of county average precipitation, average temperature, longitude, and latitude. 
For column 4, data in 1940 are unavailable and the reported changes are relative to 1930. All coefficients are 
allowed to vary in each year. The regressions are weighted by county acres, and robust standard errors clustered 
by county are reported in parentheses. ** denotes statistical significance at the 1% level, at the 5% level. 
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Table 6. Estimated Geographic Spillovers: Nearby Non-Ogallala Counties vs. Counties 100km from the Ogallala 

Relative to 1940: 
1920 

Log 
(1) 

-0.275** 

Rural Farm 
(2) 

Popul
Rural Non-Farm 

(3) 

ation: 
Urban 

(4) 
-2483 

Manufacturing 
(5) 

Wholesale 
(6) 

Value Added o
Retail 

(7) 

r Total Sales: 
Services 

(8) 

1930 
(0.101) 
-0.035 -106 -292 

(1419) 
-378 

1940 
(0.048) 

0 
(410) 

0 
(578) 

0 
(492) 

0 0 0 0 0 

1950 0.139 -83 299 4574 -0.079 0.477 0.112 0.248 

1960 
(0.089) 
0.127 

(283) 
-592 

(741) 
2511 

(3094) 
14495 

(0.371) 
-0.227 

(0.433) 
0.671 

(0.091) 
0.213 

(0.190) 
0.253 

1970 
(0.171) 
0.010 

(472) 
-521 

(1504) 
604 

(7577) 
26084* 

(0.351) 
-0.440 

(0.513) 
0.781 

(0.150) 
0.244 

(0.282) 
0.294 

1980 
(0.186) 
-0.032 

(550) 
-664 

(1510) 
750 

(12628) 
34914* 

(0.421) 
-0.054 

(0.516) 
1.026 

(0.214) 
0.245 

(0.326) 
-0.077 

1990 
(0.203) 
0.005 

(634) (1683) (17475) (0.558) 
-0.019 

(0.635) 
1.297* 

(0.259) 
0.356 

(0.369) 
0.362 

2000 
(0.236) 
-0.040 

(0.727) (0.643) (0.304) (0.424) 

Sample Counties 
(0.251) 
143 143 143 143 75 87 121 136 

Notes: For counties with zero area over the Ogallala, each column reports estimates from a modified equation (4): coefficients report the impact of "Negative 
Distance to Ogallala Boundary," measured in 100km units. Coefficients reflect average outcomes in counties next to the Ogallala boundary, relative to 
counties 100km away. Otherwise, the specifications are as described in Tables 3-5. ** denotes statistical significance at the 1% level, at the 5% level. 
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Appendix Figure 1.  Irrigated Percent of County Area in 1935 and 1974 

A.  Irrigation in 1935 B.  Irrigation in 1974 

Notes:  Appendix Figures 1a and 1b show 368 counties within 100km of the Ogallala boundary, shaded to reflect the 
percent of county land irrigated in 1935 and 1974. White areas are omitted from the sample. 
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Appendix Figure 2.  Value of Agricultural Land per County Acre, Shaded by Quintile in 
Each Year 

A. Land Value in 1920 B. Land Value in 1964 

Notes:  Counties are shaded to reflect their quintile in the distribution of counties' average value of agricultural land 
per county acre in 1920 (Panel A) and 1964 (Panel B). The lightest gray represents the 20% least valuable counties, 
while the darkest gray represents the 20% most valuable counties. White areas are omitted from the sample 
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A1. Estimated Differences in Agricultural Disamenities by Ogallala Share and Year 
Log Expenditure on Log Expenditure on Log Swine 

Commercial Fertilizer Agricultural Chemicals 

Coefficient in year: (1) (2) (3) 

1920 0.145 

(0.172) 

1930 0.585** 

(0.140) 

1940 0.324 

(0.167) 

1950 0.481** 

(0.183) 

1954 0.233 0.432* 

(0.316) (0.180) 

1959 0.614** 

(0.173) 

1964 1.156** 0.685** 

(0.261) (0.189) 

1969 1.139** 1.000** 0.739** 

(0.198) (0.184) (0.205) 

1974 1.544** 1.200** 0.694** 

(0.241) (0.196) (0.253) 

1982 1.231** 1.171** 0.659* 

(0.181) (0.221) (0.258) 

1987 1.200** 0.905** 0.788** 

(0.195) (0.164) (0.274) 

1992 1.245** 0.935** 0.570 

(0.187) (0.178) (0.294) 

2002 1.295** 1.226** 1.116* 

(0.224) (0.215) (0.503) 

Sample Counties 354 362 249 

Notes: Each column reports estimates from equation (3): the indicated outcome variable is regressed on the 
share of county area over the Ogallala, state fixed effects, the fraction of county area in each soil group, and 
linear functions of county average precipitation, average temperature, longitude, and latitude. All 
coefficients are allowed to vary in each year. The regressions are weighted by county acres, and robust 
standard errors clustered by county are reported in parentheses. ** denotes statistical significance at the 1% 
level, at the 5% level. 
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