
A
rtificial tile drainage is the most 
extensive soil and water management 
activity in midwestern agriculture.2 

However, the true extent of tile drainage 
in the United States is largely unknown, 
in part because available estimates are 
inconsistent and, in some cases, have 
significant limitations. Tile drainage 
changes the hydrology within watersheds, 
and quantifying the amount of tile-drained 
land is increasingly important as concerns 
associated with the impact of tile drainage 
on water quality continue to rise.

The best management practices (BMPs) 
required to improve water quality in 
predominantly tile-drained watersheds 
may be different compared to BMPs in 
areas without tile drainage. An improved 
estimate of where tile drainage exists in 
Wisconsin will increase our capacity to 
target the appropriate BMPs. A detailed 
list of BMPs for tile-drained land can be 
found in the UW-Extension publication 
Tile Drainage in Wisconsin: Managing Tile-
Drained Landscapes to Prevent Nutrient 
Loss.3 

This Wisconsin-specific publication 
reviews available tile drainage estimates 
to better understand the extent of tile 
drainage throughout the state, and 
acts as an updated supplement to the 
comprehensive World Resources Institute 
report titled Assessing U.S. Farm Drainage.4 
It is largely written in response to recently 
published data from the 2012 Census of 
Agriculture, which included a question 
about tile for the first time in more than 
thirty years. Specifically, the census asked 
respondents to consider the total acres of 
their operation and to report how many 
acres were drained by tile.5

Defining tile drainage
Agricultural drainage can be subdivided 
into two main categories: (1) surface 
drainage, which includes drainage ditches, 
and (2) subsurface drainage, a term often 
used interchangeably with tile drainage. 
The Natural Resources Conservation 
Service (NRCS) defines a subsurface (or 
tile) drain as a conduit such as tile, pipe, or 
tubing installed below the ground surface 
to intercept, collect, and/or convey 
drainage water.6

History of tile drainage 
estimates
Tile drainage estimates have been 
collected in a variety of ways. These 
various attempts to measure the extent 
of tile drainage have been mostly ad hoc 
and inconsistent, making it difficult to 
accurately compare between sources and 
over time.

• In 1920, 1930, 1969, and 1974 the census 
of agriculture asked about the number 
of acres of land that benefited to some 
extent from artificial drainage.7

• In 1978 state and county soil 
conservation personnel were asked to 
estimate county drainage areas as part 
of the 1978 Census of Agriculture Special 
Report on Drainage of Agricultural Lands 
conducted by the U.S. Department of 
Commerce.8

• In 1982 the National Resource Inventory 
(NRI), a statistical survey of land use 
and natural resource conditions 
conducted by the USDA-NRCS, collected 
information on surface and tile drainage 
at state and county levels. In this survey, 
tile-drained land was counted only if it 
was part of a government-recognized 
conservation practice. 
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Key facts
• The true extent of tile drainage is 

largely unknown and available tile 
drainage estimates are inconsistent.

• Compared to other states, Wisconsin 
has a relatively small amount of tile-
drained land. Roughly 8% of cropland 
in Wisconsin is tile drained.1

• Questions remain about whether or 
not the amount of tile-drained land is 
increasing in Wisconsin.

• Eastern Wisconsin soils that drain into 
the Lake Michigan Basin represent 
the area of Wisconsin with the most 
extensive tile drainage.

• Making an effort to better estimate 
tile drainage at the county level is an 
important step toward protecting 
water quality.
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• In 1987 the USDA released the 
publication titled Farm Drainage in 
the United States: History, Status, and 
Prospects.9 This report combined 
information from the 1978 census, 
the 1982 NRI, and information from 
drainage specialists and government 
sources to determine the extent of tile-
drained cropland at the state level. It is 
considered the most comprehensive 
piece of literature available on tile 
drainage. Information from this 1987 
publication was used in concert with 
1992 cropland estimates from the USDA 
Economic Research Service (ERS) to 
calculate the “Target” estimate listed in 
table 1.

• In 1992 tile drainage was again included 
in the NRI. These estimates were based 
“on remotely-sensed data and aerial 
photography” rather than sample sites.10 
This dataset included county-level data 
for all counties in the continental United 
States. Data from the 1992 NRI are 
reported in table 1 as NRI 1992.

• In 2004 the USDA/ARS National Soil Tilth 
Lab (now the Laboratory for Agriculture 
and the Environment) investigated the 
extent of tile drainage with the use 
of a Geographic Information System 
(GIS), a system designed to analyze 
geographical data. The 1992 National 
Land Cover Dataset (NLCD) was used to 
estimate agricultural land in annual and 
row crop production. The NRCS STATSGO 
database was used to determine soils 
requiring drainage and was used with 
the NLCD to estimate the total amount 
of tile-drained cropland for each county 
and state in the United States.11

• In 2007 the World Resources Institute 
reported on the extent of tile drainage. 
They used GIS to calculate the extent 
of drainage by overlaying a cropland 
layer with a soils map to determine 
what areas of cropland are likely to be 
tile-drained based on soil type. Similar 
to the 2004 Soil Tilth Lab analysis, the 
assumption was made that if row crops 
are planted on poorly drained soils, then 
that soil has tile drainage. This GIS study 

also used the 1992 NLCD. Within the Soil 
Tilth Lab and World Resources Institute 
GIS studies, several different decisions 
were made regarding the identification 
of poorly drained soils. GIS estimates 
are reported in table 1 as GIS Based on 
Soil Drainage Class (SDC) and GIS Based 
on SDC Adjusted. Some numbers from 
the SDC were adjusted based on expert 
opinion, which established the adjusted 
estimates. “If for a given county the SDC 
value was zero and the NRI non-zero, 
the NRI was used because its survey 
methodology makes it unlikely to 
overestimate subsurface drainage.”12 For 
further reading on how poorly drained 
soils were defined, see notes 4 and 11.

• The 2012 Census of Agriculture asked 
survey respondents how much of their 
land is tile drained.13 These estimates 
are reported in table 1 as 2012 Census of 
Agriculture.

TABLE 1. Estimates of tile drainage in select Midwest states (reported on an area or percent of total 
cropland basis) based on five different historic approaches.15  
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WI 0.7 7% 0.7 6% 0.9 8% 0.9 8% 0.8 8%

IA 8.9 33% 6 22% 8.7 32% 8.8 32% 12.6 48%

IL 7.9 33% 5 21% 11.6 48% 11.6 48% 8.9 37%

IN 5.5 41% 6.5 49% 5.7 42% 5.6 42% 5.7 45%

MN 2.5 11% 3.4 14% 2.4 10% 2.4 10% 6.5 30%

MI 2.1 26% 2.3 29% 3.7 45% 3.7 45% 2.6 34%

MO 0.7 4% 0.1 1% 0.6 3% 0.9 8% 0.9 6%

OH 5.8 49% 6.7 56% 5.7 42% 5.6 42% 5.0 46%
a Based on 1992 USDA-ERS total cropland estimates and drained land percentages from Farm Drainage in the 

United States.16

b Indicates some county totals were changed to NRI value when SDC = 0 and NRI > 0, or based on expert 
opinion. All GIS analysis was conducted in 2007 using NLCD from 1992.
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Wisconsin tile drainage 
estimates
Compared to other states in the Midwest, 
Wisconsin has a relatively small amount of 
tile-drained land. Roughly 8% of cropland 
in Wisconsin is tile drained (table 1).14 In 
addition, tile-drained land in Wisconsin 
is often more of a patchwork, existing 
in only parts of fields. This factor makes 
data collection and interpretation more 
challenging, as farmers may struggle to 
accurately estimate the drainage area or 
may not consider their tile patchwork to 
qualify as tile drained. 

The 2012 census results for Wisconsin are 
similar to GIS-based data, and are only 
slightly greater than the 1992 NRI results. 
Based on this information, it appears 
the amount of tile-drained cropland has 
increased very little, if at all, in Wisconsin. 
Estimates for other states show more 
substantial increases, which could be 
actual or the result of methodological 
differences between datasets, the use of an 
outdated land cover dataset, or other 
factors making it difficult to identify a clear 
trend. For more information on making 
comparisons between datasets, see note 4.

Conversations with tile professionals in 
Wisconsin indicate that there is an increase 
in demand for their services. Some of this 
increased demand could be related to tile 
line updates, which would not increase 
the amount of land drained by tile but 
instead would mean that land is being 
more intensely drained or old clay tiles are 
being updated with newer plastic tile lines. 
Whether or not this increased demand for 
tile professionals is leading to an increase 
in Wisconsin’s tile drainage acres, it is clear 
that eastern Wisconsin soils that drain into 
the Lake Michigan Basin represent the area 
of the state with the most extensive tile 
drainage. 

Importance of tile 
drainage estimates
Many studies have shown that tile drainage 
can be a major contributor of nitrogen (N) 
and phosphorus to surface waters. It is well 
understood that nitrogen losses in tile-
drained landscapes are partially due to tile 
drainage.17 Many studies show that when 
agronomic optimum nitrogen rates are 
applied, large losses of nitrate-N (NO3-N) 
can still occur (e.g., up to 26 lb/ac/yr of 
NO3-N in Indiana,18 and up to 34 lb/ac/yr of 
NO3-N in Iowa19).

In Wisconsin, phosphorus losses from tile 
drains have been substantial (up to 72% 
of the total phosphorus loss from a field) 
in fields receiving liquid dairy manure.20 
Thus, promotion of BMPs that only address 
the reduction in phosphorus from surface 
runoff will only impact a small portion of 
the phosphorus loss in watersheds with 
substantial tile drainage, such as those in 
northeastern Wisconsin (figure 1). Parts of 
eastern Wisconsin also have risk factors for 

higher delivery of phosphorus through 
drain tiles including phosphorus-rich, 
flat, and clayey soils that receive animal 
manure.21 These lands are part of the Lake 
Michigan Basin, where the concern over 
phosphorus loss is elevated. 

Even if the 2012 Census of Agriculture 
underestimates the amount of tile-drained 
cropland in Wisconsin, the results still 
have great value, and allow us to target 
tile drainage BMP efforts in the state. The 
census highlights that eastern Wisconsin 
counties have the greatest concentration 
of tile-drained cropland, and that the 
majority of counties in the state have at 
least some tile. 

Striving to better estimate tile drainage 
at the county level and utilizing the 
information presented in the 2012 census 
are important steps toward protecting 
water quality. Considering these data 
can improve the efficiency of farm-level 
nutrient use through targeted BMPs that 
reflect tile drainage on a watershed basis.

FIGURE 1. Percent of tile-drained cropland in the upper Midwest, 2012.
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