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Leafy spurge is a non-native species that 
has spread at alarming rates on un ti lled 
land since it was firs t sighted in North 
Dakota in 1909 (Lym and Messersmith, 
1985) . The acreage ofleafy spurge has 
doubled very 10 years for the last 30 
years and is likely to double again in 10 
years (S troh e[ al., 1990). Found in every 
county in North Dakota, leafy spurge 
displaces existi ng and native vegetation 
(Watson, 1985) and is difficult to con
trol with curren t technology (herbicides). 

After establishment, leafy spurge 
tends to displace other vegetation and 
establish single pecies stands, reducing 
production of desi rable fo rages. Leafy 
spurge expansion has been exacerbated by 
difficulty in control. No single treatment 
will eradicate leafy spurge and effective 
conuol must be considered a long-term 
management program (Lym et aI., 1988). 

The continued expansion of leafy 
spurge and its ability to withstand eradi
cation has resulted in substantial direct 
economic losses fo r the agricul tural sector 
in N orth Dakota, South Dakota, 
Montana, and Wyoming due to infesta
tions on pasture and rangeland (Thomp
son et ai., 1990 and Bangsund and 
Leistritz, 1991) . In North Dakota, 
ran her incomes and production outlays 
associated with ranchers' herds were re
duced by $23.1 million and total business 
activity was reduced by $76.3 million in 
1990 (Bangsund and Leistritz, 1991). 

Pasture and rangeland are not the 
only types of land leafy spurge affec ts 

(Wallace, 1992). Leafy spurge also infests 
other non-ti lled land, such as road 
ditches, recreation areas, and wildlife 
production areas. The outputs of other 
non-tilled land (wi ldland) provide direct 
and indir Ct social and economic benefits 
to society. Leafy spurge infestation can 
cause similarly adverse economic impacts 
on wildland as on pasture and rangeland. 

Objectives 

The overall objective of this study was 
to develop a procedure co estimate, and co 
make an in itial estimate of the economic 
impact of leafy spurge on N orth Dakota 
wildland. Specifi c tasks included: 

1. 	 Estimating acres ofwil dland and acres 
of wildland infes ted with leafy spurge 
in North Dakota, 

2. 	Identifyi ng and quanti fying the 
outputs/benefits ofNonh Dakota 
wildland, 

3. 	Estimating [h physical impacts of 
leafy spurge on the OUCputs of North 
Dakota wildland, 

4. Estimating the economic impact of 
leafy spurge infested wildland on the 
regional (North DakOta) economy, 
and 

5. 	 Identifying the gaps in natural and 
physical science research tl1at describe 
the physical relationships between 
leafy spurge and wildland outputs. 
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Procedures 

Wildland acreage was estimated using 
existing data. Acres of wildland infested 
with leafy spurge were estimated using 
data obtained from a su~ey of repre en
ratives of the county weed boards. W ild
land benefits and the biophysical impacts 
of leafy spurge on wildland benefits were 
id~ntjfied and estimated using informa
tion from published literature and input 
from wildlife and soil science specialists. 

Wildlife-associated recreation and soil 
and water conservation were identified as 
wildland benefits. These benefit catego
ries serve as a conservative proxy for all 
wildland benefits. Wildland benefit 
values were based on wildlife-associated 
recreation expenditures and water users' 
treatm-em COSts. The North Dakota 18
sector Input-Output Model (Coon et al. , 
1990) was used to estimate regional 
economic impacts (direct and secondary 
impacts). Gaps in physical and natural 
science literature were identified as work 
progressed on the firs t fou r objectives. 

Wildland 

Wildland can be broadly defined as 
land not used for industrial, urban, or 
agricultural purposes and includes forests, 
recreation areas, and wilderness (Randall 
and Peterson. 1984). Wildland acreage 
was estimated at 4,899,000 acres, approx
imately 10 percent of toral North Dalwta 
acreage. Approximately 10 percent, or 
468.000 acres of wildland were infested 
with leafy spurge (Wallace, 1992). 

Wildland is both publicly and pri
vately owned and provides a variety 
of goods and services, such as forest 
products and mineral resources, as well 
as non-market goods such as recreation, 
wildlife habitat, erosion contro!' and 
watershed benefits (Randall and Peterson, 
1984). 

Biophysical Impacts 

Leafy spurge literally chokes out other 
existing vegetation and is clearly related 
(Q a decline in native and existing wild
land vegetation (Belcher and Wilson, 
1989). A substantial change in plant 

diversity due to leafy spurge may not 
provide the necessary cover or forage to 
support existing wildlife populations. 
Assuming a change in plant biodiversity 
would affect wildlife carrying capacity, an 
impact fu nction was estimated to describe 
the relationship between leafy spurge 
infestation and wildland habitat value 
(Figure 1). 

As leafy spurge displaces native and 
existing vegetation, it changes the 
character and composition of wildland 
vegetative cover, an important factor 
influencing runoff and soil erosion. A 
change in vegeta tive cover due to leafy 
spurge may affect soil erosion and nmoff, 
thereby altering wildland soil and water 
conservation benefits. Examples of off-si te 
soil erosion damage are increased fl ood 
damage, damage to aquatic ecosys-tems, 
reduced water-based recreation oppor
tunities, increased municipal and indus
trial water treatment costs, accelerated 
loss of water stOrage capacity, and aggra
dation and silta tion of navigation and 
water conveyance channels (U.S. 
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Environmental Protection Agency, 1984; 
Ribaudo, 1986 and 1989). 

Removal of highly erodible cropland 
from production and placement into trees 
or grassland through the Conservation 
Reserve Program (CRP) has led to in
creased off-si te water quality (Ribaudo 
1989). T he diverse vegetative cover of 
C RP land increases off-site soil and water 
conservation benefits by reducing runoff 
and soil erosion. A converse situation is 
possible with leafy spurge on wildland. As 

the vegetative cover changes from more 
diverse to less diverse, moving to a leafy 
spurge monocuJrure, run-off and soil 
erosion may increase, resulting in reduced 
off-si te water quality. 

A definitive estimate of increased 
runoff and soil erosion due to leafy spurge 
is not available at this time due to the 
lack of physical science research describ
ing the relationship between runoff, soil 
erosion, and leafy spurge. However, 
assuming, 1) wildland without leafy 
spurge provides OD- and off-site soil and 
water conservation benefits analogous to 

50 60 70 80 90 100 
Leafy Spurge Infestation (%) 

Figure 1. Estimates of reduced wildland wildlife habitat value caused by various leafy spurge 
infestation rates. (Shading along the fu nction indicates there is uncertainty associated with the 
assumed relationship.) 
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CRP acres and, 2) wildland with leafy 
spurge provides fewer on- and off-site soil 
and water conservation benefits than 
wildland without leafy spurge, a percent
age reduction can be a po.tulate for pos
sible reductions in on- and off-site soil 
and water-conservation benefits due [Q a 
leafy spurge infestation. For this study, it 
is assumed a 100 percent infestation 
reduces wildland off-site water conserva
tion benefits by one-fourth (Figure 2) . 

Direct Economic Impacts 

Economic impacts are increases or 
decreases in economic activity due to the 
expansion or shrinkage of a parcicular 
firm, industry, or sector in the area econ
omy (Coon et al., 1985). Direct econom
ic im pacts from changes in wildlife
associated recreation are the changes in 
wildli(e-associated recreationisr expendi
tures. Through the purchase of special 
equipment, gasoline, food, lodging, and 
other services, the state's economy is 
impacted by the economic activity gener
ated by individuals pursuing wildlife
associated recreation. 

The reduction in wildlife-associated 
recreation expenditures from the 
468,000-acre wildland leafy spurge 
infestation is estimated by multiplying the 
percentage reduction in wildland habitat 
value and the percentage of wildJand that 
is leafy spurge infested by the percentage 
ofwildlife-associated recreation expendi
tures attributable to wildlands. Forty-two 
percent of those expenditores are esti
mated to be lost to the state's economy 
due to recreationists pursuing wildlife
associated recreation opportunities out of 
state (Wallace, 1992). The reduction in 
wildlife-associated recreation expendirures 
can be represented by the following 
function: 

R = (E x C)(H x W)(S) 

where 
R = Change in wildlife-associated recreation 

expendirures due to leafy spurge infestation on 
wildland 

E = Total wildlife-associated recreation expendi

rures 
C = Specieslland use coefficienr 
H = Percenrage reduction in wildlife habitat value 
W = Percentage of leafy spurge-infested wildland 

5 = Percentage of expendirures lost to state 
economy 

R = ($219,702,000 x .40)(.80 x .10)(.42) 

R =$2,952,795 

100 percent 

Increased CRPHighly Off-Site Water (ConservationErodible ReserveConservationLand Program)Benefits 

I 

.. Reduced OIf-Site Water Conservation Bene::aIOJUS to 

. Wildland 25 B
with .. - - - Wildland 

Leafy Spurge percent 

Figure 2. Conceptual relationship o/highly erodible land, Conservation Reserve Program (CRP), and 
Wildkmd. 
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The reduction in wildlife-associated 
recreation expenditures due [Q the curreO[ 
leafy spurge infesration on wildland is 
estimated to be $2.9 million. 

Direct economic impacts of soil and 
water conservation are defined in terms of 
changes in water user's defensive expendi
tures to prevent or counteract damage 
from poUucants from soil erosion and 
runoff. To illustrate, water for municipal 
and industrial use is generally treated 
before use. The changes in treatment 
costs represent the benefits (costs) of 
increased (decreased) water quality. 
Increased (decreased) water quality rep
resents direct economic impacts (either 
benefits or costs) to water users. 

The economic impacts of leafy spurge 
on wildland soil and water conservation 
were estimated by applying the assumed 
25 percent reduction in wild-land water 
conservation benefits due to the leafy 
spurge infestation to the per acre benefits 
of placing highly erodible cropland inro 
the Conservation Reserve Program (wild
lands without leafy spurge assumed 
analogous to CRP). The resultant per 
acre reduction in benefits is multiplied by 
the acres of leafy spurge infested wildland 
to estimate the value of reduced soil and 
water conservation benefits. The reduc
tion in wildland soil and water conserva
tion benefits due to the current leafy 
spurge infestation is estimated to be $0.7 
million. 

Secondary Economic Impacts 

Secondary or regional economic 
impacts are the resultant changes in bus
iness activity in other economic sectors of 
the North Dakota economy due to an 
initial change in business activity in one 
or more sectors. The North Dakota 18
Sector Input-Output Model traces the 
linkages among the business sec[Qrs and 
calculates additions or reductions in total 
business activity and business activity in 
other sectors (secondary economic im
pacts), as well as estimating the number 
of jobs gained or lost. Total (North 
Dakota) economic impact of reduced 
wildlife-associated recreation and reduc
ed soil and water conservation due to the 
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current leafy spurge infestation is the sum 
of direct and secondary economic 
impacts. 

Tourism and Recreation, Government, 
AgricuLture--Crops, and Electricity Gen
eration are the business sectors impacted 
by reduced wildl ife-associated recreation 
and soil and water conservation. Reduc
tions in business sector activity (direct 
impacts) were $2.9 million, $0.5 million, 
$0.2 million, and $7,000, respectively. 
The $3.6 million in direct economic 
impacts reduced total business activity 
(direct and secondary impacts) by $11.0 
million, enough to support 187 jobs. The 
Recreation and Tourism sector had an 
over $2.9 million reduction in gross 
business volume (gross receipts). Reduc
tions in personal income were estimated 
at over $2.1 million. 

Conclusions 

This study is a first attempt to esti
mate regional economic impacts of leafy 
spurge on wildland in North Dakota. 
The present leafy spurge infestation on 
North Dakota wildland has direct eco
nomic impacts of over $3.6 million. 
Total forgone business activity (direct 
plus secondary impacts) is estimated to 

be $11.0 million, enough to support 
187 jobs. 

Further research is needed to refine 
the impact assessment. Specific data 
needs include: 
• expansion of the annual estimation of 

leafy spurge infestation per county to 

include the land use/cover on which 
the infestation occurs (e.g., rangeland 
or road ditches), and 

• identification of ownership ofspurge
infested land (e.g., public or private, 
federal or state). 

Biophysical research needs include: 
• 	a more precise description of the 

physical relationship between leafy 
spurge, wildland, and wildlife popula
tions, and 

• 	 physical research to describe the impact 
of leafy spurge on run-off and soil 
erosion. 

This information would help to more 
confidently assess the impacts of leafy 
spurge on differem o/pes of land as well 
as identify who is impacted by leafy 
spurge infestations and to what extent. 

The results of this first estimate of 
the economic impacts of leafy spurge on 
wildland are, of course, sensitive to the 
many assumptions made in the study. 
Reliable methods are available to refine 
the estimate of economic impacts of leafy 
spurge on wildland, provided the physi
cal relationship between leafy spurge and 
wildland outputs can be modeled. As the 
biophysical relationshi ps of leafy spurge 
and wildland are refined, the improved 
data can be applied to the framework for 
estimating economic impacts developed 
in this study. 

Without feasible control, the comin
ued expansion of leafy spurge is certain, 
as are cominued reductions in personal 
income and business activity. Direct eco
nomic impacts of leafy spurge on range 
and pastureland (reduced personal 
income and lost cash outlays) were esti
mated at $23.1 million. T oral impacts 
(direct plus secondary impacts) due co 
leafy spurge on range and pastureland in 
North Dakota were estimated at $76.3 
million. Combining the economic im
pacts of leafy spurge on rangeland ($76.3 
million) with the economic impacts of 
leafy spurge on wildland ($11.0 million) 
provides the best estimate for total (direct 
plus secondary) economic impacts due to 

the current leafy spurge infestation 
(Figure 3). Total annual economic 

Leafy Spurge Infestation 
North Dakota 

Total Direct plus Secondary Economic Impacts 
$87.3 million 

Figure 3. Bioecorwmic impact assessment ofleafy spurge in North Dakota. 
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Direct Impacts 

• 	 Reduced wildlife 
associated recreation 
$2.9 million 

• 	 Reduced soil & water 
conservation 
$0.7 million 

Total direct Impacts 
$3.6 milliion 
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Direct plus Secondary 

Economic Impacts 
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Direct Impacts 

• 	 Reduced personal 
income 
$8.7 million 

• 	 Lost cash outlays due to 
reduced livestock 
$14.4 million 

Total direct Impacts 
$23.1 m illllon 
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Direct plus Secondary 

Economic Impacts 
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impacts (direct plus secondary) in North 
Dakota are estimated at $87.3 million. 

Due to the many assumptions made 
in estimating the economic impacts of 
leafy spurge on wildland and rangeland, 
a margin of error exists. The confidence 
interval surrounding the $87.3 million 
estimate, however, is not the most impor
tant implication of this research. T hese 
approximations suggest that leafy spurge 
is a major problem in North Dakota. The 
substantial losses associated with the leafy 
spurge infestation reinforce the need for 
continued research aimed at developing 
efficient, economical control methods. 
Considering the historic and potential, 
future expansion of leafy spurge, further 
economic losses associated with contin
ued expansion are likely and will intensify 
the need for cost effective control 
methods. However, until a feasible solu
tion is found, even with the high level of 
losses associated with [he current leafy 
spurge infestation, i[ is important that the 
cost of control (using current control 
methods) does not exceed the benefit of 
control. 
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