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Categories of Rangeland Ecosystem Goods and Services
Maczko et al. (2011) describe three categories of rangeland ecosystem goods and services:
Tangible Extracted Goods: Productive inputs, such as forage, food, and fiber that are available to society through extractive activities. These
inputs are combined with other inputs through economic processes to generate goods with market value.
Tangible In Situ Services (and Disservices): Provide value (or costs) to society through direct on-site interactions with rangeland ecosystems,
as opposed to off-site after extraction. Recreational opportunities, water quality and quantity, and flood control are examples of in situ
tangible services. Wildfire severity, wind and water erosion, air quality impacts from dust and smoke are examples of in-situ disservices that
impose costs to society.
Intangible In Situ Services: Non-monetary enhancements to human experience such as the enhanced wellbeing from the knowledge that a
sensitive wildlife habitat is intact and can support native birds and animals, the scenic beauty of healthy rangeland landscapes, cultural
heritage of archeological sites, and western traditions supported by rangelands.
The three research projects highlighted in this poster quantify the economic benefits of improvements in each of these three categories of
rangeland ecosystem goods and services.

Quantifying Ecologically-Based Invasive Plant Management
Ecologically-Based Invasive Plant Management on Great Basin Rangelands
Ecologically-based invasive plant management on sagebrush rangeland generates numerous economic benefits through improvements in
ecosystem function. Benefits include increased forage productivity for domestic livestock , enhancements in ecosystem goods and services,
improved wildlife habitat, hydrological function, and decreased wildfire suppression costs. These affect diverse groups across society.

Willingness-to-Pay to Measure Ecosystem Benefits to General Public

Returns to Private Ranch Operations

Kobayashi, Rollins and Evans (2010) use contingent valuation to quantify “intangible in situ services” benefits that accrue to the general public- the benefits of preventing rangeland ecosystem from transitioning
to an invasive annual grass dominated state. They measure the annual household willingness-to-pay to support invasive plant management programs on Great Basin rangelands.

Private ranch profits are an example of a “tangible extracted good”. Kobayashi, Rollins, and Taylor (2010) develop a model to consider a private
rancher optimal ranch management in the presence of invasive annual grasses.

Data and Survey Design: Data for the analysis were collected from a representative sample of Nevada residents via mail surveys. Individuals in the sample responded to two versions of a hypothetical proposed
program that would be funded through a dedicated tax for invasive plant management on public rangelands. The two versions describe (1) a program to rehabilitate areas that could no longer support native
plants because of encroachment by invasive plants and (2) a program to prevent further areas from converting to states where they could no longer support native plants because of encroachment by invasive
plants.

Model: The rancher’s decision problem is set-up as a system of equations that are solved numerically using stochastic dynamic programming. The
rancher’s objective is to manage the ranch to maximize ranching profits. The rancher is assumed to consider the impact of herd management and
invasive species treatment decisions on future forage availability.

Annual Household Willingness-to-Pay: The authors arrive at estimates of mean household annual willingness-to-pay that range from $35 to $100, depending on household characteristics. Examples of selected
results related to gender, age and length of residency in Nevada are summarized below.

Private Rancher Results: Given parameters and assumptions in the baseline model, invasive plant management expenditures are optimal in WSS1.
Optimal herd size in WSS1 is stable at around 350 head of cattle for a 5,000 acre ranch. This result is robust for a range of treatment costs, treatment
success rates, cattle prices, and feed costs. By contrast, optimal herd size in WSS2 fluctuates around 250 head. While it is not optimal for the private
rancher to pursue invasive plant management treatments in WSS2 under the baseline assumptions, the authors find that treatments become optimal
in WSS2 at treatment success rates of over 90% and treatments costs of less than $20 per acre. When the ranch is in WSS3, the model results in the
rancher liquidating the herd and closing the operation.

Prevention v. Rehabilitation: The authors find that rangeland invasive plant management programs that target preventing undesirable ecosystem change are more highly valued than those targeting
rehabilitation. This suggests that timing of invasive plant management policy is important; all else equal, the general public is willing to invest more to maintain healthy rangelands than it is to rehabilitate
degraded rangelands.
Reference: Kobayashi, M., K. Rollins, M.D.R. Evans. 2010. Sensitivity of WTP Estimates to Definition of ‘Yes’: Reinterpreting Expressed Response Intensity, Agricultural and Resource Economics Review 39(1)
(February 2010) 37-55.

Socially Efficient Management: The authors contrast these results with results that assume socially efficient ranch management which takes into
account wildfire suppression costs (a tangible in situ disservice) and non-market benefits from health rangeland to the general public (an intangible in
situ service), as well as private profits from ranching (a tangible extracted good). The contrast between private and socially efficient ranch
management illustrates the fact that the benefits of invasive plant management extend beyond the direct benefits to private ranchers, and that
policies to promote invasive plant management by private ranchers are likely to generate social benefits.
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Reference: Kobayashi, M., K. Rollins and M. Taylor. 2010. Ranching, Invasive Annual Grasses, and the External Costs of Wildfire in the Great Basin: A
Stochastic Dynamic Programming Approach, selected paper presented at the Agricultural and Applied Economics Association 2010 Annual Meeting,
July 25-27, 2010, Denver, Colorado, 39 pp. http://purl.umn.edu/61869

These economic benefits can be measured as the change the value of flows of ecosystem goods and services. This poster highlight three
recent research projects that have quantified some of these benefits.

Ecological Framework: The State-and-Transition Model
Ecological Framework: The State-and-Transition Model
The task of quantifying the economic benefits of ecologically-based invasive plant management on sagebrush rangelands requires adopting a
consistent and scientifically-valid ecological framework that allows both the benefits of preventing undesirable ecological change as a result
of invasive plants and of rehabilitating rangeland degraded by invasive plants to be evaluated. The three research projects described here
evaluate benefits using a stylized version of the state-and-transition model (STM) framework from rangeland ecology (Stringham, Krueger,
and Shaver, 2003). This framework allows use to evaluate the benefits of ecologically-based invasive plant management in terms of
preventing undesirable ecological change as a result of invasive plants and of rehabilitating rangeland degraded by invasive plants.

Wildfire Suppression Costs Averted
Increases in wildfire severity and frequency on rangelands with plant communities dominated by invasive annual grasses are examples of “tangible in situ” ecosystem disservices. Taylor et al.
(2011) implement a simulation model to estimate the value of invasive plants management treatments in terms of the expected differences in wildfire suppression costs with and without
treatment for the Wyoming Sagebrush Steppe (WSS) and Mountain Big Sagebrush (MBS) ecosystems.

Wyoming Sagebrush Steppe STM:
the Figure to the left illustrates a
stylized version of a state-andtransition model for the Wyoming
Big Sagebrush (WSS) system. The
WSS system is generally found at
elevations of between 4,700 and
6,500 feet and comprise roughly
37.8 million acres in the Great
Basin (26% of the 145 million acre
Great Basin).

Model: The simulation model, treats wildfire occurrences, treatment success given that treatment is undertaken, and per acre wildfire suppression costs as random variables. Each run of the
model considers the evolution of the landscape with and without vegetation treatments over 200 years with different randomly generated realizations of these random variables in each year.
Results are generated using 10,000 runs .
Wyoming Sagebrush Steppe: Expected net fire suppression costs averted are $271.70 per acre in WSS1, and treatment is not economically efficient in either the overgrown sagebrush state,
WSS2, or the annual grass dominated state, WSS3. While treated land in WSS2 and WSS3 can be rehabilitated to WSS1, it is still not economically efficient for society to pursue rehabilitation
from the perspective of reduced wildfire suppression expenditures alone.
Treatment and Long-Run Annual Grass Domination: Treated land in WSS1 will always remain in WSS1; in contrast, without treatment, the model predicts that after 200 years the systems will
have transitioned to WSS2 7.3% of the time and to WSS3 92.7% of the time. This indicates that treatment in WSS1 serves to avoid the long-run conversion of the system to an annual grass
dominated state (WSS3).
Mountain Big Sagebrush: Expected net benefits from treatment are $89.80 per acre in health sagebrush state, MBS1a, and $357.90 per acre in the pinyon-juniper and mature sagebrush state,
MBS1b, and treatment is not economically efficient in either MBS2 or MBS3. In MBS2, average wildfire suppression costs are higher with treatment than without. This outcome is driven by the
consequences of treatment failure in MBS2, which results in the systems transitioning to MBS3 and, as a result, more frequent wildfire and higher wildfire suppression costs. Because of the high
cost of treatment failure in MBS2, average wildfire suppression costs are lower if treatment is not applied, despite the fact that the land will transition to MBS3 after a wildfire. Treatment is not
efficient in MBS3, despite the large wildfire suppression cost saving associated with rehabilitation to MBS1, because of very low treatment success rates and relatively high treatment costs.
Reference: Taylor, Michael H., Kimberly Rollins, Mimako Kobayashi, and Robin J. Tausch. 2011. “The Economics of Fuel Management: Wildfire, Invasive Plants, and the Evolution of Sagebrush
Rangelands in the Western United States”. UNR Joint Economics Working Paper 11-002.

Optimal Treatment Strategy and Fuel and Cow Stock Dynamics (5,000acre ranch, state 1, treatment cost = $1.00/acre)
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Treatment Cost and Treatment Success Rate: The figures below analyze the relationship between fuel treatment success rate, treatment cost, and expected net benefits for annual grass
dominated state in WSS-2 and WSS-3. These figures describe “break-even” treatment costs for a range of treatment success rates. The break-even treatment cost is defined so that the expected
net benefits from treatment predicted by the simulation model are not statistically different from zero. The shaded regions below the “break-even” curves contain all economically efficient
treatment cost/success rate combinations . The figures confirm that our default treatment cost/success rate combinations in WSS-2 and WSS-3 fall outside the shaded area, and that treatment in
both states could become economically efficient if either the cost of treatment were lowered or the treatment success rate were increased.

0

0
1

6

11

16

21

26

31

36

41

46

51

56

61

66

71

76

81

86

91

96

Time
Treatment

Cow Stock (without treatment)

Fuel Stock (without treatment)

Fuel Stock (with treatment)

Cow Stock (with treatment)

101

Fuel Stock (feet); Treatment Area (000 acres)

Ave Wildfire NET Suppression
Costs Savings (NPV)

Initial Ecological State

Cow Stock (head)

Avg. Total Suppression Costs
(NPV) – With Treatment

State 2

60

Optimal Cow Stock Dynamics on 5,000-acre Ranch

Initial Ecological State

Avg. Total Suppression Costs
(NPV) – No Treatment

55

Results for the Wyoming Sagebrush Steppe System
($ per acre; 2010 dollars; 3% discount rate; 200 Years; 10,000 runs) (%5, %95)

Results for the Mountain Big Sagebrush System
($ per acre; 2010 dollars; 3% discount rate; 200 Years; 10,000 runs) (%5, %95)
Mountain Big Sagebrush STM:
the Figure to the right illustrates a
stylized version of a state-andtransition model for the Mountain
Big Sagebrush system. The MBS
system is generally found at
elevations of over 6,500 feet and
comprise 9.1 million acres in the
Great Basin (6.3% of total area in
the Great Basin).
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