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future reservoir services resulting from a marginal reduction in agricultural 
erosion. 

The HUC-level marginal benefi t values for reservoir services are derived 
from the reservoir-level marginal benefi t estimates. Values are calculated in 
four steps. First, the marginal benefi t of a 1-percent reduction in the erosion 
rate is calculated for each of the more than 70,000 reservoirs in the United 
States. Second, the marginal benefi ts are summed across the reservoirs within 
each HUC. Third, the change in erosion (number of tons) associated with a 
1-percent change in the erosion rate on agricultural lands is calculated for 
each HUC. Finally, each HUC-level marginal benefi t estimate is converted 
to a per-ton estimate by dividing the benefi t estimate by the number of tons 
represented by a 1-percent change in the erosion rate. 

The estimates of marginal reservoir benefi ts vary widely across HUCs. In 
163 HUCs, marginal benefi ts equal zero. These HUCs appear to have no 
reservoirs affected by agriculture. In the remaining watersheds, per-ton soil 
conservation benefi ts are as high as $1.38.

Navigation Industry 

Sediment buildup in shipping channels and harbors delays water traffi c 
and damages ships and barges that run aground. To avert these delays and 
damages, the navigation industry, through the Army Corps of Engineers, 
dredges harbors and shipping channels. Because the dredging is done to 
avoid future damages, the costs represent averting expenditures. 

The navigation industry model provides HUC-level estimates of the expected 
reduction in averting expenditures resulting from a 1-ton reduction in 
erosion. The model is estimated in two steps. First, an average dollar-per-ton 
cost of erosion is estimated for each site dredged by dividing total site-level 
dredging costs––where sites are harbors and segments of shipping channels–– 
by total upstream erosion. Data on erosion and a hydrologic model are used 
to estimate the total tons of erosion upstream of each site. Second, HUC-level 
per-ton benefi ts are estimated by summing the dollar-per-ton estimates across 
all relevant downstream sites (Hansen et al., 2002). 

The hydrologic data are from the River Reach File of the U.S.  
Environmental Protection Agency (EPA), which interconnects 3.2 million 
miles of streams. Estimates of agricultural erosion by HUC are based on data 
from the 1997 NRI (USDA, NRCS, 2003). Dredging-cost data are from the 
U.S. Army Corps of Engineers (1999a; 1999b). Results show that, across 
HUCs, a 1-ton reduction in soil erosion can reduce dredging costs by from 
$0.0 to $5.00.

Water-Based Recreation 

Suspended sediment in lakes, rivers, and streams harms aquatic wildlife and 
decreases the water’s aesthetic appeal, which lowers the quality of fi shing, 
swimming, and other water-contact activities. To calculate sediment’s impact 
on consumer surplus, a multisite travel-cost demand model for water-based 
   recreation is estimated,    where demand is a function of––among other things–– 
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travel costs to each site and its water quality (Feather and Hellerstein, 1997; 
Feather et al., 1999).

The travel cost model is estimated in a two-step process. First, the site selec-
tion process is characterized by a random utility model (RUM). The RUM 
is estimated using data on individual and site characteristics. The estimated 
model is then applied to each observation to predict the probability that an 
individual will select a given recreation site. The second step begins by using 
the RUM probability estimates. Based on these estimates, an expected price 
(travel cost) and expected level of environmental quality (where erosion 
levels and the size and type of water body serve as proxies) are calculated for 
each individual. The estimates of expected price and site quality are proba-
bility-weighted averages of the prices and qualities of the relevant sites. 

In the second step, the demand for water-based recreation is estimated by 
regressing the number of trips taken against expected price, expected envi-
ronmental quality, and other demand determinants. The marginal change in 
consumer surplus associated with a change in soil erosion within a HUC is 
calculated for each affected individual. The HUC-level marginal benefi t esti-
mate is the sum of individuals’ consumer surplus changes. 

The model is estimated using behavioral data from the 1994-95 National 
Survey of Recreation and the Environment (2005) and environmental data 
from the 1997 NRI. 

Estimates from the water-based recreation model indicate that a 1-ton reduc-
tion in soil erosion can increase societal benefi ts of water-based recreation by 
from $0.0 to $8.81 across the 2,111 U.S. watersheds.

Farm Production Region Benefi t Models

The remaining 11 models deliver benefi t estimates at the FPR level. Six were 
originally derived from State or sub-State models, but the model estimates 
were aggregated and subsequently reported by FPR. The others were derived 
from national-level data on costs that were then apportioned to FPRs.

Marine Recreational Fishing

Soil erosion can harm marine fi sheries by damaging estuaries. Estuaries 
provide year-round habitat and are the principal spawning grounds for shell-
fi sh and a wide variety of fi n fi sh. Sediment and nutrients can impair estua-
rine habitats, adversely affect fi sh populations, and decrease the quality of 
marine recreational fi shing. 

Clark et al. (1985) generated a national estimate of erosion’s impact on 
marine sport fi sheries, based upon analyses by Freeman (1982). Ribaudo 
(1986) allocated this national estimate to FPRs based upon which estuaries 
were impaired and the number of saltwater angling days affected. Ribaudo 
used water quality monitoring data from the National Stream Water Quality 
Accounting Network (NASQUAN) of the U.S. Geological Survey (USGS) 
monitoring system to determine which watersheds (USGS’s Aggregated 
Sub-Areas) were impaired by sediment. He assumed that estuaries adjacent 
to sediment-impaired Aggregated Sub-Areas were also impaired. Data on the 
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location of 180 major estuaries were obtained from the National Oceanic and 
Atmospheric Administration. 

The total number of saltwater angling days within each FPR was obtained 
from the U.S. Fish and Wildlife Service’s Hunting and Fishing Survey (U.S. 
Dept. of the Interior, 1997). The number of impaired fi shing days is esti-
mated by multiplying the percentage of estuaries affected by erosion within 
an FPR by the total angling days. Affected angling days then become weights 
for allocating total damages. Damages in each FPR were divided by total 
erosion in each FPR to arrive at an average damage per ton of erosion. A unit 
reduction in erosion would produce approximately the same level of benefi ts. 
Soil conservation benefi ts, based on the marine recreational fi shing model, 
range from $0.0 in the fi ve inland FPRs to $1.57 per ton. 

Marine Commercial Fisheries

Sediment in estuaries also affects commercial fi sheries. As with modeling of 
impacts on recreational fi shing, Ribaudo (1986) used the damage function 
approach. His analysis begins with a national estimate of total damages to 
marine commercial fi sheries.  

Bell and Canterberry (1975) provide an estimate of total annual damages to 
marine fi sheries from all water pollution. Ribaudo assumes that erosion’s 
share of damages to commercial fi sheries is the same as erosion’s share of 
damages to marine recreational fi shing, as assumed by Clark et al. (1985). 
His erosion damage model allocates soil erosion damages equally across all 
impaired estuaries. Impaired estuaries are assumed to be all those that are 
part of USGS Aggregated Sub-Areas that have been designated as having 
water quality problems due to erosion. The model then links the damaged 
estuaries to the FPRs. Those estuaries that lie along the coast of an FPR are 
linked to that FPR. Total FPR-level damages are estimated by summing 
across estuaries within each FPR. Finally, per-ton damage estimates are 
derived by dividing each FPR-level damage estimate by total erosion in the 
region. 

Soil conservation benefi ts, based on the marine commercial fi sheries model, 
range from $0.0 in the fi ve inland FPRs to $0.94 per ton. 

Freshwater Commercial Fisheries

Water pollutants associated with sediment inhibit fi sh populations and 
decrease revenues of the freshwater fi sheries industry. To derive soil conser-
vation benefi ts to freshwater fi sheries, a model, based on the damage function 
approach, is estimated from data on sediment’s cost to the fi sheries.

The national costs of sediment’s impact on the commercial freshwater 
fi sheries industry   reported by Clark et al. (1985) are allocated across FPRs, 
based on the FPR’s share of the total river-miles with concentrations of 
suspended sediment, nitrate-nitrite, and total phosphorus above thresholds 
considered relevant for water-based recreation (Ribaudo, 1986). Estimates of 
national and regional water quality-impaired river miles are based on USGS 
NASQAN data, National Water Discharge Inventories data from Resources 
for the Future, and the EPA River Reach File (Ribaudo, 1986). Recreation-
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based water quality thresholds were obtained from EPA (Zison, Haven, and 
Mills, 1977).  Damage estimates are divided by total sheet and rill erosion in 
the FPR from the 1982 NRI to arrive at an average cost per ton of erosion. A 
unit reduction in erosion would produce a like-level of benefi ts.

Soil conservation benefi ts across FPRs range from $0.0 to $0.12 per ton. 

Steam-Electric Powerplants

Sediment and algae caused by soil erosion can affect the operation of steam-
electric powerplants––most powerplants are steam-electric––and other facili-
ties that use large amounts of water. Suspended sediment and algae can clog 
condensers, reducing the effi cient operation of cooling systems. Periodic 
removal of algae from condensers restores water infl ow rates. The benefi ts of 
reducing these costs are estimated by using the replacement cost approach.

Clark et al. (1985) generated a national estimate of annual restoration costs, 
based on a study of the cost of removing algae from water cooling systems. 
Ribaudo (1986) allocated these costs across the 10 FPRs, based on the 
amount of sediment withdrawn in water used for thermoelectric power gener-
ation. A proxy for sediment withdrawn is the product of gallons withdrawn 
and sediment concentration. Data on gallons of water withdrawn within each 
FPR were obtained from USGS. Average suspended sediment concentra-
tions in each FPR are calculated using NASQUAN monitoring data. The 
FPR restoration cost estimates are then divided by total sheet and rill erosion 
in the FPR, based on the 1982 NRI, to arrive at an average cost per ton of 
erosion. 

Soil conservation benefi ts range from $0.04 to $1.05 per ton. 

Municipal and Industrial Water Use

Treated water can still contain minerals, salts, and other materials that 
damage water-use equipment. The model of erosion’s impact on municipal 
and industrial water use is therefore based on the damage function approach. 

Clark et al. (1985) used EPA estimates of the costs of achieving Clean Water 
Act goals to estimate the annual removal and damage costs of dissolved 
materials associated with soil erosion. Ribaudo (1986) allocates these 
damages among the 10 FPRs, based on the amount of water withdrawn 
for municipal and industrial uses. Ribaudo used the same procedure as for 
steam cooling, the only difference being that gallons of water withdrawn by 
industry and households were used to create the weights. FPR-level damage 
estimates were divided by total sheet and rill erosion from the 1982 NRI to 
arrive at an average damage per ton of erosion. A unit reduction in erosion 
would produce a like-level of benefi ts.

Soil conservation benefi ts range from $0.07 to $1.44 per ton. 

Flood Damages

Suspended sediment in stream waters increases the frequency and severity 
of fl ooding. Reservoirs and fl ood plains have helped reduce fl ood damages, 
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yet damages still occur. Erosion plays a dual role in fl ood damages. First, it 
increases suspended sediment in stream fl ow, which then adds to the volume 
of the fl ow. The greater volume increases fl ood frequencies and the height 
of fl ood waters. Second, with greater concentrations of suspended sediment, 
fl oodwaters deposit more sediment, which increases damages to roads, farm 
fi elds, homes, and other fl ooded sites. With available data, the benefi ts of soil 
conservation’s impacts on fl ood damages are estimated using the damage 
function approach.

The total cost of agricultural sediment-related fl ood damages was obtained 
from Clark et al. (1985). The national damage estimate was allocated to FPRs 
based on the distribution of total (sediment and nonsediment) fl ood damages 
reported by the U.S. Water Resources Council (1978). The FPR-level fl ood 
damage estimates were then divided by total agricultural erosion within the 
regions to generate dollar-per-ton benefi t estimates. 

Soil conservation benefi ts of reduced fl ood damages range from $0.10 to 
$0.77 per ton. 

Irrigation Ditches and Canals

Nutrients and sediment originating on fi elds can cause excessive sediment 
buildup and weed growth in irrigation canals, impeding water fl ow in irriga-
tion systems. Removing the sediment and weeds can restore the irrigation 
system to its original condition. With data on sediment and weed removal 
costs, soil conservation benefi ts are calculated using the replacement cost 
approach. 

 Clark and others (1985) estimated that approximately 15 to 35 percent of the 
operation and maintenance costs for irrigation systems is for weed control 
and ditch clearing. Ribaudo (1989) used the midpoint of this range, along 
with data on maintenance costs from the 1978 Census of Agriculture’s Ranch 
and Irrigation Survey (U.S. Bureau of the Census, 1982) to estimate annual 
weed control and ditch-clearing costs associated with erosion for each State, 
which he then aggregated to the FPR level. Dividing this value by total sheet 
and rill erosion provides an estimate of the cost per ton of erosion. 

We have used Ribaudo’s approach and assumptions, erosion estimates from 
NRCS (2007), and weed control and ditch maintenance costs from the 2001 
Census of Agriculture to generate a more up-to-date estimate of soil erosion’s 
impact on irrigation ditches and canals. 

Soil conservation benefi ts range from $0.01 to $1.02 per ton.

Soil Productivity

Erosion carries topsoil off fi elds, which reduces the land’s productivity. 
Some, but not all, yield loss can be offset by increasing nutrient use. Because 
soil loss decreases output and increases costs, the damage function approach 
is appropriate for modeling erosion’s impact on soil productivity. 

The Erosion Productivity Impact Calculator (EPIC) model (Williams et al., 
1985) was used to estimate soil and yield losses and increases in input use 
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across 12,000 combinations of geographic regions, soil groups, crops, tillage, 
and conservation practices (Ribaudo et al., 1990). (The analysis assumes that 
farmers, in order to maximize profi ts, increase nutrient use to offset some 
of the productivity impacts of soil loss). These estimates were aggregated 
to generate FPR-level estimates of soil loss and the value of its productivity 
impact (Ribaudo et al., 1990). Per-ton estimates were derived by dividing 
total productivity impacts by total erosion (water and wind).

Values of soil productivity are based on the assumption that the land is in 
production. Benefi ts will not accrue while the land is fallow. Calculations for 
valuing the productivity effects of retired lands must discount benefi ts from 
the time when the land returns to production.

Soil conservation benefi ts, based on the soil productivity model, range from 
$0.26 to $1.27 per ton. 

Road Drainage Ditches

Sediment carried off farms can fi ll roadside ditches, reducing the capacity 
of ditches to store and move fl oodwaters. Floodwaters can damage roads 
and impede traffi c fl ows. Appropriate maintenance prevents or reduces these 
costs. With data on road maintenance costs, a model, based on the averting- 
expenditures approach, was developed to estimate the value of this benefi t of 
soil conservation. 

Ribaudo (1989) estimated a model where the annual cost of road mainte-
nance was specifi ed as a function of gross sheet and rill erosion, rural road 
mileage, and the cost of removing a cubic yard of sediment. Data on ditch 
maintenance costs were obtained from 33 State highway departments. 

Results indicate that each ton of gross erosion reduction translates into an 
average reduction in ditch maintenance costs of $0.20. 

Municipal Water Treatment

Sediment in surface waters can increase municipal water treatment costs. 
Sediment, in effect, damages or degrades the quality of water. A model that 
captures municipalities’ willingness to pay to improve water quality can be 
estimated using the damage function approach. 

A model of the effect of sediment on water treatment costs was estimated, 
using a water treatment cost model developed by Holmes (1988). The model 
expresses operation and maintenance costs of a treatment plant per million 
gallons of water withdrawn, as a function of the amount of water treated, 
the water’s turbidity, labor cost, and electricity cost. This water treatment 
cost model was estimated with data from 294 treatment systems around the 
country. 

To apply the treatment cost model to changes in erosion, Ribaudo (1989) 
estimates a water turbidity model, where turbidity is a log-linear func-
tion of soil erosion, streamfl ow, and water storage capacity. He uses the 
turbidity model to estimate the change in water turbidity within a USGS 
Aggregated Sub-Area due to a change in erosion. He then uses the treatment 
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cost model to calculate the marginal benefi ts of reductions in turbidity for 
each Aggregated Sub-Area. The per-unit costs were multiplied by estimated 
changes in turbidity given a marginal change in erosion. To develop FPR 
estimates of marginal per-ton benefi ts, estimates within each FPR were 
summed and weighted by the quantity of surface water the municipalities 
withdraw. 

Soil conservation benefi ts, based on the municipal water treatment model, 
range from $0.05 to $1.16 per ton. 

Dust Cleaning

Wind-borne particulates pass through cracks and openings in homes and 
settle on fl oors and furniture. Cleaning is necessary to get rid of the dust. 
Available cleaning-cost data and a replacement cost model are used to esti-
mate the benefi ts of reduced wind erosion. 

Huszar and Piper (1986) estimated a household-cleaning-cost model (which 
was subsequently improved by Huszar, 1989), where costs are a nonlinear 
function of household characteristics and wind erosion within the house-
hold’s resident county. Their cost model is estimated with data from a survey 
of households in New Mexico. Ribaudo et al. (1990) used the model, along 
with data from 1980 Household Census and data on wind-erosion from the 
1982 NRI, to estimate household cleaning costs and changes in costs due to 
changes in erosion by State for all States in the Northern and Southern Plains, 
Mountain, and Pacifi c FPRs. Marginal, per-ton benefi t values were derived 
by dividing the changes in cleaning costs by the associated changes in wind 
erosion (Ribaudo et al., 1990).

Soil conservation benefi ts, based on the dust cleaning model, range from $0.0 
in the six eastern FPRs to $1.14 per ton. 

Most of the per-ton benefi t estimates of the 11 FPR models are less than 
$0.50 (table 1). Though per-ton values are not high, each provides insight 
into the benefi ts of soil conservation programs and practices. Furthermore, 
the values provide a rough perspective on where the value of a reduction in 
erosion might be greatest. 
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Soil Conservation Benefi ts: HUC- 
and County-Level Values

The HUC-level water quality benefi t categories (reservoir services, naviga-
tion, and water-based recreation) vary across HUCs. For those water quality 
benefi t categories based on FPR-level estimates, values are broken down 
to HUC-level estimates based on the location of the HUC. Most HUCs lie 
in a single FPR. In these cases, the HUC-level values are set equal to the 
FPR-level values. Where HUCs lie in more than one FPR, the HUC-level 
values are erosion-weighted average values of the appropriate FPRs. The 
HUC-level sums of all categories of water-erosion benefi ts range from $1.11 
to $17.55 per ton (fi g. 3). 

Values of wind-erosion impacts are estimated at the FPR level. The same 
approach as that used for HUC-level water quality benefi ts is used to 
generate HUC-level estimates of wind-erosion values. Wind-erosion benefi t 
values, for the most part, follow FPR boundaries (fi g. 4). Values vary along 
the borders of FPRs, where HUC-level estimates are weighted averages of he 
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Soil Conservation Benefi ts: HUC- 
and County-Level Values

The HUC-level water quality benefi t categories (reservoir services, naviga-
tion, and water-based recreation) vary across HUCs. For those water quality 
benefi t categories based on FPR-level estimates, values are broken down 
to HUC-level estimates based on the location of the HUC. Most HUCs lie 
in a single FPR. In these cases, the HUC-level values are set equal to the 
FPR-level values. Where HUCs lie in more than one FPR, the HUC-level 
values are erosion-weighted average values of the appropriate FPRs. The 
HUC-level sums of all categories of water-erosion benefi ts range from $1.11 
to $17.55 per ton (fi g. 3). 

Values of wind-erosion impacts are estimated at the FPR level. The same 
approach as that used for HUC-level water quality benefi ts is used to 
generate HUC-level estimates of wind-erosion values. Wind-erosion benefi t 
values, for the most part, follow FPR boundaries (fi g. 4). Values vary along 
the borders of FPRs, where HUC-level estimates are weighted averages of he 
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Figure 3 

Range and distribution of all water-erosion benefit values, by HUC

HUC-level1 water-erosion benefit categories are: reservoir services, navigation, water-based recreation, marine 
fisheries, freshwater fisheries, municipal industrial, steam electric, irrigation ditches, flood damages, soil productivity, 
road ditches, and municipal water treatment. Only reservoir services, navigation, and water-based recreation are 
estimated at the HUC level. Other values are based on FPR-level2 estimates.

1HUCs are watersheds defined by the U.S. Geological Survey’s 8-digit hydrologic unit codes.
2FPRs are USDA’s multi-state Farm Production Regions.
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value of two or more FPRs. When the HUC-level wind-erosion benefi t values 
are summed, values range from $0.41 to $1.54 per ton. 

The county-level estimates of the benefi t values that are derived from 
HUC-level models (reservoir services, navigation, and water-based recre-
ation) are erosion-weighted average values. Note that for counties that lie 
in a single HUC, the county-level values equal the HUC-level values. The 
county-level benefi t values are, in effect, taken directly from the FPR-level 
estimates because counties do not cross FPR borders. The county-level sums 
of the water-erosion benefi t estimates range from $1.70 to $18.24 per ton 
(fi g. 5). The county-level sums of the wind erosion benefi t values range from 
$0.41 to $1.54 per ton. Because both wind-erosion benefi t values have been 
estimated at the FPR level, values follow FPR boundaries (fi g. 6). 

Although many of the benefi t models were formulated some time ago, the 
values they generate are the most complete summary of soil erosion reduc-
tion benefi ts available. More accurate assessment of soil conservation bene-
fi ts will be possible in the future if additional research improves the accuracy 
and geo-resolution of available estimates or expands upon the benefi ts that 
have been assessed to date.

$/ton/year

< .75

.75 - 1.00

1.00 - 1.25

> 1.25

HUC-level wind erosion benefit categories are dust cleaning and soil productivity.  Values are based on FPR-level2 estimates.

1HUCs are watersheds defined by the U.S. Geological Survey’s 8-digit hydrologic unit codes.
2FPRs are USDA’s multi-state Farm Production Regions.

Figure 4

Range and distribution of all wind-erosion benefit values, by HUC1
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Figure 6

Range and distribution of all wind-erosion benefit values, by county

County-level wind erosion benefit categories are dust cleaning and soil productivity. Values are based on FPR-level1 estimates.

1FPRs are USDA’s multi-state Farm Production Regions.
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Figure 5

Range and distribution of all water-erosion benefit values, by county

County-level water-erosion benefit categories are: reservoir services, navigation, water-based recreation, marine fisheries, 
freshwater fisheries, municipal industrial, steam electric, irrigation ditches, flood damages, soil productivity, road ditches, and 
municipal water treatment. None are estimated at the county level. Reservoir services, navigation, and water-based recreation 
are estimated at the HUC level.1 Other values are based on FPR-level estimates.2

1HUCs are watersheds defined by the U.S. Geological Survey’s 8-digit hydrologic unit codes.
2FPRs are USDA’s multi-state Farm Production Regions.
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