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1 Introduction

A significant portion of the eastern United States has poorly drained soils that are not suitable
for crop production absent artificial drainage. Drain tile, first used in the U.S. in upstate New
York in 1835 and adopted across the upper Midwest in the following decades, made drainage
“sufficiently cheap and efficient for general adoption (French, 1859).” In order for tile drainage
to be successful, large open ditches were needed to serve as outlet drains, requiring improved
engineering approaches and collective investment. It was the combination of innovations in local
governance, engineering, and tile manufacture that allowed drainage to begin in earnest across
the country (McCrory, 1928). Today, of 215 million acres of wetlands estimated to exist in the
contiguous United States at colonization, 124 million have been drained, 80-87% for agricultural
purposes (McCorvie and Lant, 1993; Tiner, 1984)

In 1880, it was estimated the drainage of unimproved wetlands increased sale value by a factor
of five (Prince, 2008). Yet capturing these increased values required coordination among neigh-
boring landowners that was initially absent. The U.S. government passed a series of Swamp Land
Acts (1849, 1850, and 1860) which allowed 15 states to eventually claim nearly 65 million acres,
provided the lands were reclaimed via drainage (Dahl and Allord, 1982). There was little or no
initial improvement under the Acts because “piecemeal ditching” was ineffective absent open
outlet channels and coordinated drainage works, which required the passage of “[d]itch laws or
drainage laws authoriz[ing] the organization of drainage undertakings which required groups of
farmers to participate (Prince, 2008).” Large investment in drainage works required institutional
innovation, in the form of state legislation, for the creation of drainage management districts.

In addition to the local public good benefits of drainage cooperation, broad public goods were
provided via the elimination of malarial infections contemporaneously linked to marshy areas and
definitively linked to mosquitoes near the end of the century. Throughout the 1800s malaria af-
fected most of the populated regions of the United States, was one of the country’s leading causes
of death (in 1850 45.7 of every 1,000 deaths were caused by malarial fevers), and had long-term
health impacts including stunting and chronic conditions in later life (Hong, 2007). In the north-
ern United States malarial decreases occurred prior to any conscious effort on the part of public

health agencies (Barber, 1929). In the South, a slew of factors including impoverished soils made



it “financially impossible to install scientific drainage,” and malarial eradication required signifi-
cant public investment, including via the successful eradication campaign of the Works Progress
Administration (Faust, 1951; Kitchens, 2013b).

An economic framework based on local collective governance explains how drainage districts,
technological change, and private costs and benefits affect the level of investment in agricultural
drainage. In general, a standard theory of public goods would suggest that drainage investment
would be under-supplied via voluntary contributions. However, a group of farmers seeking to
to drain lands could act cooperatively, provided they solve the collective action problem (Ol-
son, 1989). Ostrom (1990) offers insight into when such cooperation is likely to occur. I argue
that drainage district laws provided sufficient legal authority for local collective investment in
drainage, through contributions of time and labor a la Bergstrom et al. (1986) as well as through
local taxing and eminent domain authority. Such local public good investment simultaneously ad-
dressed the larger public good of malaria control, making general public investment unnecessary.

In this paper, I provide evidence that this framework explains investment in drainage. While
successful drainage organizations were established by statute in the upper Midwest, their adop-
tion in the South lagged, as did tile-drainage and the eradication of malaria. Because county-level
drainage measures do not exist prior to 1920, I show the passage of the first drainage district
laws in each state coincided with a “catch-up” of improved acres and land value in counties with
poorly drained soils relative to others. I estimate artificial drainage increased the value of agricul-
tural land in the worst-drained counties by $13-29B (2020 dollars) in the eastern United states.

Drainage laws were not assigned to states exogenously, and multiple factors appear to jointly
determine whether local collective action was sufficient to provide agricultural drainage. Because
climatic and economic conditions outside the South were more conducive to the control of malar-
ial infection, I provide a descriptive analysis of the linkages between drainage and malaria. Con-
sistent with the economic framework, Southern states lagged in the passage of drainage district
laws by around 50 years. The lack of local drainage investment in the South in the 1930s, after
most drainage was complete elsewhere in the country, meant malarial eradication programs were

required using additional public investment.



2 Empirical Setting

2.1 The Economics of Drainage Investment

In wet and poorly drained soils, excess water in the root zone of cultivated crops can create water-
logging, preventing the absorption of oxygen and drastically reducing yields or killing the plants
entirely. Water is held in the soil via surrounding soil pore pressure, and the water tables can be
artificially lowered via within-soil flow if nearby drainage provides a lower pressure pathway.
The construction of open ditches to remove excess standing water and lower water tables was
utilized throughout the United States from its founding for this purpose. However, these ditches
proved impractical for agricultural production in many cases. The ditches themselves were labor-
intensive and typically three to five feet deep. To adequately drain agricultural soils, these ditches
bisected fields at regular intervals, utilizing a significant amount of the land surface area and
making planting and harvesting difficult. The ability to cover these ditches while maintaining
drainage via underdrainage was required for practical use.

Stone and pole drainage was utilized throughout the 19th Century, but was uneconomical
for general agricultural adoption. It was the advent and diffusion of clay drain tile, first used
in the United States in Seneca County, NY in 1835, that changed agriculture in the United States
(McCrory, 1928). In 1859 Henry D. French wrote in his book Farm Drainage: “[n]o system of
drainage can be made sufficiently cheap and efficient for general adoption, with other materials
than drain tiles (French, 1859).” Drain tiles were initially horseshoe shaped and then laid on flat
tile, with this method replaced by cylindrical tile starting around 1858 (McCrory, 1928). The first
tile machine was imported in 1848, with local production necessary due to the weight of tiles.
Production quickly spread with 66 tile factories established from 1850-59, 234 from 1860-69, and
840 from 1870-79 (McCrory, 1928).

The natural wetlands of the United States were viewed by Federal Government policy as “un-
productive and an economic waste” from formation until at least 1956 (Palmer, 1915). To encour-
age their development via drainage, Congress passed a series Swamp Land Acts (1849, 1850, and

1860) for reclamation. At the time, the Congressional Globe summarized the justification as follows:

The passage of this bill and the donation of these scraps of land, injurious as they exist, to the



States, and utterly valueless to this Government, is but the beginning of the work of reclama-
tion; the State Legislatures must follow, appropriate money, and redeem them from the water—
and the sooner the better for the health of the people and the prosperity of the country...These
formations of swamps and periodically overflowed lands are common to almost all Territories
of sufficient area to constitute a State. They are evils common to all countries, rendering, in
their original condition, portions of the earth not only desolate and unsusceptible of cultivation,
but fruitful promoters of disease and death. They can only be removed, or their evils gated by
means of labor and money, which, when properly employed must redeem portions of the land

from sterility, and make it valuable and useful, instead of the generator of disease.

-Rives et al. (1861) from (McCorvie and Lant, 1993)

Table 1: Swamp Land Acts

Year State Acres
1849 Louisiana 9,493,456
1850 Alabama 441,289

1850 Arkansas 7,686,575
1850 California 2,192,875

1850 Florida 20,325,013
1850 Illinois 1,460,184
1850 Indiana 1,259,231
1850 Iowa 1,196,392

1850 Michigan 5,680,310
1850 Mississippi 3,347,860
1850 Missouri 3,432,481
1850 Ohio 26,372
1850 Wisconsin 3,360,786
1860 Minnesota 4,706,503
1860 Oregon 286,108

TOTAL 84,895,415
Source: (Fretwell, 1996)

The lands made available to the states under the Acts are shown in table 1. As alluded to in
the the Congressional Globe, the Acts were a first step, and the lands still required investment for
reclamation. The initial belief that the government would simply use land sale funds to finance
drainage proved incorrect because the funds raised were insufficient and state governments were
incapable of funding these types of public works. Responsibility for the investment in reclama-

tion passed from the states to counties, who subsequently divested the lands in the hopes that
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private investors would drain them (Prince, 2008). Some large landowners did engage in drainage
projects, but generally the Swamp Land Acts led to large amounts of land in the hands of specu-
lators lacking the ability to reclaim it individually.

The issue facing the owners of wetlands was one of coordination to invest in the local public
goods required for reclamation. Common Law prohibitions prevented individual drainage that
led water out ows onto neighboring parcels. While laying tiles constituted a private investmentin
individual agricultural production, a system of integrated outlet channels and was a prerequisite
to farm-level drainage in most cases. Such drainage projects affect the lands of many landowners,
often spanning multiple counties, and require new channels, levees, and embankments on private
lands (Wright, 1907; Prince, 2008). A 1907 report to the U.S. Senate on the status oEwamp and
Over owed Lands in the United Statdsy Wright (1907) described the problem faced in reclaiming

these lands:

In order to secure the necessary cooperation for ef cient work in all cases and to set out the detalil
of procedure so as to insure uniform practice, some legal method of compulsion has been found
necessary, and drainage statutes have been enacted by many of the States. All the persons
interested may not agree as to the necessity for the improvement, and even if they do, when
it comes to deciding what lands shall be embraced in the project, where the ditches shall be
located, how the work shall be done, and particularly, what each individual landowner shall
pay, differences of opinion are sure to arise. To overcome this diversi ed sentiment and enable
the owners of swamp and over owed lands to reclaim the same in an ef cient and equitable

manner, drainage laws have been found necessary.

Optimal investment by landowners in drainage infrastructure is described by the so-called
Samuelson Condition: the sum of farmers' marginal rate of substitution between private goods
and the public good is equal to the marginal rate of technological transformation (Samuelson,
1954). Thus, the farmers invest in producing the public good until the sum total of their marginal
bene ts is equal to the marginal cost of doing so.

Absent some mechanism for securing investment in the public good, there is reason to believe
the public good will be under-supplied (Bergstrom et al., 1986). The result of private provision

is that each sets their marginal bene t of the public good equal to the marginal cost of providing
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it, the Nash Equilibrium outcome. This outcome means too little public good is provided, but no
farmer is willing to unilaterally invest in additional drainage infrastructure because individually
their marginal bene ts are equal to their marginal costs.

Olson (1989) provides a useful framework for the dif culties of solving this investment prob-
lem, which is a problem of collective action. Each farmer is better of with drainage investment, yet
each also has an incentive to free-ride on the investment of others. Collective action in drainage
requires some mechanism by which farmers agree to move beyond the Nash outcome via cooper-
ation.

Ostrom (1990) provides guidance to the settings where local groups can successfully cooperate
in managing natural resource problems. Relevant to this work is her nding that local groups are
often successful at such management, even when central governments fail. In describing her
design principle®f successful organizations, Ostrom suggested that the right to organize locally be
recognized by the central or local government, with decisions nested in local organizations. This
was the key ingredient the drainage district provided.

In describing the emergence of irrigation districts in the western United States, Bretsen and
Hill (2006) discuss the limitations of irrigation prior to the formation of irrigation districts, in
many ways modeled after drainage districts. Large irrigation enterprises required substantial in-
vestment and rights-of-way, problems that were not solved without some governmental authority.
Edwards (2016) discusses the formation of local groundwater management districts in Kansas as
a result of state governmental laws. Groundwater management districts and irrigation districts
are similar to drainage districts in the use of state government legislation to solve a local resource
problem via local governance.

Table 2 shows the year of passage for drainage district laws for the 24 states that eventually
adopt them in the eastern United States from McCorvie and Lant (1993). Although they varied
somewhat in speci cs, drainage districts were generally legislated to be formed via a petition
from landowners in an area and typically required some combination of signatures and a vote
by the majority of land area and land owners (McCorvie and Lant, 1993). Drainage districts re-
ceived powers of eminent domain and taxation with decisions made by locally elected boards
and provided the investments met some de nition of bene ting the public at large, which courts

often interpreted a requiring public health bene ts (Prince, 2008). Another key feature of the dis-



Table 2: Year of Drainage District Legislation

State Year State Year
Michigan 1857 Kentucky 1912
Ohio 1859 Arkansas 1921
lowa 1873 Louisiana 1921
Illinois 1878 Oklahoma 1921
Kansas 1879 Virginia 1924
Nebraska 1881 Georgia 1926
Minnesota 1887 Florida 1927
Indiana 1889 Missouri 1929
Wisconsin 1891 South Dakota 1929
Texas 1904 Mississippi 1930
North Dakota 1905 North Carolina 1930
South Carolina 1911 Tennessee 1932
Source: Table is adapted from McCorvie and Lant (1993) based on data from
Austin (1931)

tricts was nancial, with districts able to issue low-interest bonds to secure cash for investment
(McCrory, 1928).

In addition to facilitating public investment, drainage districts solved the problem of the anti-
commons, where landowners under the common law were protected from changes in drainage
that led to runoff onto their land, essentially giving farmers veto power over neighbors' projects.
Bogue (1951) describes “violent opposition” from neighboring landowners to drainage projects
in lllinois, but under drainage district law these types of issues were resolved in the courts and
generally in favor of the public good, i.e. draining land.

The passage of drainage laws was viewed contemporaneously as a key determinant of drainage
investment. When Wright (1907) wrote to the U.S. Senate about drainage, the Midwest had largely

established drainage laws while the south had not (refer to table 2 for the dates):

Throughout the United States the progress that has been made by the several States in land
drainage has depended more upon the character of the drainage laws than on the geographical
location of the State or the fertility of its soils. The swamps of the Yazoo Delta, Mississippi, and
those of the eastern part of North Carolina are more fertile and are susceptible of producing a
eld crop worth much more per acre than the lands in Indiana or lllinois, yet practically all the
swamps in the latter States have been drained under the provisions of wise and bene cent State

drainage laws, while little or nothing has been done to drain the lands of North Carolina and



Mississippi.

Ultimately, it was the emerging understanding of the value of drained land, drainage technol-
ogy, and drainage district legislation that facilitated the development of the lands from the Swamp
Land Acts. Up to the year 1908 claims for 65,582,503 acres had been approved, and over 63,000,000
acres actually patented to the states (Palmer, 1915; Bogue, 1951).

While Mississippi, Florida, and Louisiana in the South received signi cant grants, Alabama's
grant was less than half a million acres and Virginia, North and South Carolina, Georgia, and Ten-
nessee were not included (see table 1). It appears that without the incentive to facilitate drainage
to allow their states to claim land under the Swamp Land Act, these states (with the notable ex-
ception of South Carolina) were late in passing drainage district legislation (see table 2).

A number of institutional and state-speci ¢ geographic factors (e.g. the original colonies did
not have government-owned surplus swamp lands) affected the passage of drainage district leg-
islation and the formation of districts. But where drainage occurred was also affected by endoge-
nous county and state characteristics. The framework of investment in a public good via local
cooperation facilitated by state law provided in this section aids in understanding the factors that

contributed to the success of farm drainage:

1. Investment in drainage is increasing in private agricultural bene ts: Quality of the soil; suit-

ability to high-value crops; and the effectiveness of drainage.

2. Investment in drainage is decreasing in the technical costs of drainage. Technical costs in-
cluded: distance to tile factories; the availability of tile technology; and the dissemination of

area-speci ¢ drainage practices.

3. Investment in drainage is decreasing in the costs of organizing and collective action. Such
costs are related to the number of landowners; local institutional capacity; and the presence

of drainage laws to facilitate cooperation.

While this framework is not entirely tested in the present paper, it provides some insight into
the jointly determined decisions of investing in drainage and the passage of drainage district laws.

Laws facilitated drainage, but the need for drainage laws was often a bottom-up phenomenon.



As such, areas where drainage was expected to be most valuable, where landowners were most

familiar with its potential or where local institutional capacity was highest, moved rst.

2.2 Malaria

Malaria is caused by the parasite Plasmodium and transmitted to humans via the Anopheles
mosquito. By 1850 malaria had established itself throughout most of the United States (except
northern New England and certain mountainous regions in the East and West) and the period end-
ing in 1899 represented the climax of the disease in the country (Faust, 1951). In 1850, 45.7 of every
1,000 deaths were caused by malarial fevers and severe long-term health impacts of non-fatal cases
included stunting and other chronic conditions (Hong, 2007). The importance of drainage for the
eradication of malaria was well-understood, even prior to the understanding of disease pathology.

In the northern United States, malaria had decreased without any conscious effort on the part
of public health agencies (Barber, 1929). By 1900 the disease had retreated into the South, pri-
marily due to agricultural drainage beginning in the 1870s, but the burden of malaria persisted
throughout the South until the 1910s, when eradication campaigns began, and much later in some
areas (Hong, 2011).

An account of malaria in Virginia described by Barber (1929) suggested that the increase in
malaria in the low lying coastal plain of Virginia subsequent to 1870, and well after a post-Civil
War increase in malaria generally, was primarily attributable to the “abandonment of the land, and
especially of the bottom land, leading to poor drainage,” as a result of shifting agricultural pro-
duction of corn in the Midwest making unpro table lowland corn farming in Virginia. Similarly
in North Carolina, the decrease in malaria rates from 1896 to 1913 was attributable to agricultural
drainage management: “they cleaned up and drained more land and kept it freer from standing
water (Barber, 1929).'

Wright (1907)'s report to the U.S. Senate attributed the reductions in malaria in northern re-

gions to drainage:

The effect of draining swamp and over owed lands upon the public health is shown by a decrease
of malarial diseases and of mortality due to them . Such diseases prevailed to an alarming extent

in the greater portions of Indiana , lllinois , and lowa , prior to the construction of extended
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drainage systems in those States. The census of 1870 gives the number of deaths from malaria
for the preceding year as 52.5 per thousand of the total, while the census of 1890 gives the deaths
due to malaria at 8.6 for one thousand . During that time large areas of land in those States were
drained, with the result that lands which were formerly swamp and un t for cultivation were
converted into productive farms. Itis safe to conclude that these changes in malarial conditions

were due to draining.

Wright later discusses the lack of progress on drainage and its relationship to the lack of malar-
ial reductions in the South. While outside the southern malaria belt counties appear to have han-
dled the malaria problem directly through “scienti cally planned drainage,” and despite some
anecdotal accounts of progress against malaria in drained regions of the South (Barber, 1929;
Wright, 1907), a number of factors, including impoverished soils, made it “ hancially impossi-
ble to install scienti c drainage” in many areas. (Faust, 1951).

Ultimately, it was public health investments in the South that were successful in malaria re-
ductions, although not all projects worked as planned: Tennessee Valley Authority anti-malaria
programs did not fully offset the enhanced breeding areas created by the dams themselves and
Works Progress Administration projects were often make-work projects that did little to improve
drainage (Kitchens, 2013a; Humphreys, 1998). Two factors ultimately explain the reduction of
malaria in the South, out-migration as a result of farm programs and general depopulation (Bar-
reca et al., 2012; Humphreys, 1998) and New Deal investments in malaria eradication and the use
of insecticides (Sledge and Mohler, 2013; Kitchens, 2013b).

Better mosquito habitat, lower standards of living and more exposure to infection, more lim-
ited medical treatment availability, and a lack of agricultural drainage led the South to lag in
malaria eradication relative to the Midwest. Farm drainage in the Midwest provided a valuable
private good. Drainage district laws allowed state governments, which were generally unable
to develop swamp lands themselves, to harness the value of the private good to facilitate local
investment in public works. The diffusion of tile drainage technology from Upstate New York fa-
cilitated adoption along the swampy areas south of the Great Lakes. The Great Lakes states were
the rstto pass drainage laws and decreases malaria deaths followed.

In contrast, in the South it has been suggested that different soil and wetland types made the
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adoption of tile drainage from the Midwest less straightforward. The legacy of monoculture and
soil depletion further limited the bene ts of drainage investment. The lack of local institutional
capacity and cooperation following the Civil War, and generally as a result of the social structures
of the South, delayed drainage district legislation. The bene ts relative to the costs of private
investmentin farm drainage do not appear to have been large enough by the 1930s to have allowed
suf cient private provision of local drainage to affect the public health problem of malaria. Given
states' general inability to reclaim lands absent local districts, federal malaria reduction programs,

where public good production was nanced externally, were necessary to eradicate the disease.

3 Data & Empirical Strategy

3.1 Data

| construct a 109-year panel from 1850-1969 onlmproved Acresand Total Farm Valuefrom United
States Censuses of Agriculture collected once per decade and digitized by Haines et al. (2019). We
focus on counties east of the 100th Meridian, generally the dividing point between the humid and
semiarid portions of the United States. Areas east of this line can be farmed without irrigation
and were generally settled or being settled during the entire panel. ' The USDA also conducted
drainage censuses in 1920, 1930, and 1969 which recorded the number obrained Acresn a county.
| construct measures of Percent of County Improvednd Percent of County Drainety dividing by
total county area.

| use a Soil Drainage Index (DI) to represent the natural wetness of soil in a given county
(Schaetzl et al., 2009). The Dl is an ordinal measure of long-term soil wetness ranging from O to
99. Soils with a DI of around 60 are generally termed “somewhat poorly drained,” while higher
DI values represent more poorly drained up to 99, open water. Using a 240 meter cell resolution
raster | extract the median DI value for each county. | then construct two variables to represent
high DI (poor natural drainage). The rst and primary measure is for counties with a median DI
greater than 60, DI High. Figure 2 shows the relationship between median DI and the observed

percent of a county drained in each of 1920, 1930, and 1969. The DI=60 cutoff represents a natural

1This analysis is preliminary and currently uses 1920 county shapes. Additional work is needed to scale county data
based on changing county boundaries. Generally this issue is more problematic for earlier time periods.
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