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Abstract 
 
 

This study focused on prioritization of fuel reduction treatments in fire-prone 
landscapes with diverse ownership patterns. In the first phase, the study implemented mail 
survey and contingent valuation (CV) methods to identify Mississippi’s landowner attitudes 
towards wildfires; determine trends in treatment implementation, their costs, and 
implementation intervals; measure landowner willingness to participate in a prescribed burn 
program, and quantify willingness to pay (WTP) for implementing a prescribed burn to 
decrease wildfire hazard on landowner’s forest land. In the second phase, the study utilized 
optimization modeling and Monte Carlo simulation to develop a simulation tool that will aid 
resource managers in allocating cost-share funding to minimize a wildfire damage to the 
landscape. Results indicated that while landowners were concerned with wildfire damage, only 
a small proportion of them implemented fuel reduction treatments in the past or were planning 
to implement such treatments in the near future. Most common reasons for not planning to 
implement a fuel treatment in the future included liability due to escaped prescribed burn, 
treatment cost, lack of equipment, and lack of experience. Additionally, most landowners were 
not aware and did not participate in any wildfire mitigation program suggesting that they did 
not fully utilize existing resources and that new outreach methods will need to be developed to 
deliver program information to landowners. However, many landowners were willing to 
participate in a prescribed burn program if a prescribed burn was implemented on their behalf 
by qualified personnel. On average, landowners were willing to pay $63.57/ac for 
implementing a prescribed burn which was higher than the average cost reported by 
landowners for implementing prescribed burn, chemical vegetation control, and mechanical 
vegetation control on their land. Simulation results indicated that the optimal cost-share 
allocation was highly depended on the budget and the number of cost-share payment levels. In 
situations where a budget was limited, a risk-based allocation approach resulted in the greatest 
wildfire damage reduction because cost-share funds were allocated to most hazardous land 
parcels. While a uniform cost-share payment allocation could provide similar damage reduction 
levels, it would require a larger budget. Similarly, increasing the number of payment levels also 
resulted in wildfire damage reduction because payment levels could more precisely customized 
to landowner cost requirements. As a result, a budget could be used more effectively and a 
prescribed burns could be implemented on a larger forest land area. Results help better 
understand landowners’ opinions about wildfires and fuel reduction treatments and thus will 
facilitate development of new outreach programs that better fit landowner needs as well as help 
managers use limited budgets more effectively by prioritizing fuel reduction treatments to 
maximize wildfire mitigation benefits. 
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Objectives 
 
 

This research project examined the cost effectiveness of fuel treatments on nonindustrial 
private forest (NIPF) lands in Mississippi. The study generated results that will help managers 
more effectively prioritize fuel reduction treatments and improve their cost effectiveness. The 
proposal addressed questions related to treatment costs outlined in Task 3 (Fuels treatment 
effectiveness: Economics) of the Joint Fire Science Program (JFSP) Funding Opportunity Notice 
2013-1. Specifically, the proposal examined the cost structure associated with different treatment 
types and re-treatment intervals and determined least-cost re-treatment intervals that meet fire 
behavior objectives. Results will facilitate quantification of trade-offs associated with 
implementing various fuel treatments and facilitating more effective budget allocations. This 
project proposal addressed the following questions: 
 
Treatment costs 
1. What are the costs associated with different treatment types and retreatment intervals?1 

Implementation of fuel treatments by NIPF landowners might be dependent on treatment 
costs. A mail survey was conducted to collect information on fuel treatment types 
implemented by NIPF landowners, incurred costs, and re-treatment intervals. Based on this 
information, we developed fuel treatment cost tables and determined willingness of NIPF 
landowners to implement fuel treatments at specified payment levels. 
 

2. What are the least-cost re-treatment intervals to meet fire behavior objectives?1 
Re-treatment intervals applied by NIPF landowners might be dependent on landowner 
wildfire prevention objectives, attitudes toward fuel treatments, wildfire risk aversion, fuel 
treatment cost, and available budget. We collected this information via a mail survey and 
used a regression analysis to examine impacts of these factors on applied fuel treatment 
intervals. Further, we used an optimization model to identify least cost fuel treatment regimes 
that meet specified fire behavior objectives. 

 
Avoided wildfire costs 
1. How do fuels treatments influence wildfire management and suppression decisions and costs?2 

Wildfire management and suppression decisions and costs might be influenced by a decision 
mechanism and involvement of NIPF landowners in the decision process. We simulated three 
decision-making approaches to examine the impact of each approach. We computed the Nash 
Equilibrium Allocation (NEA), using numerical optimization techniques such as nonlinear 
programming (Bazaraa & Shetty, 2006) and examined sensitivity of the NEA to changes in 
input data. A NEA provides an allocation decision in which no single NIPF landowner can 
improve their individual wildfire prevention objective if the other allocations remain 
unchanged (Dutta 1999). Knowing the NEA structure will help decision-makers develop 
strategies related to optimal allocation plans for wildfire suppression and fuel treatments. We 
also examined impacts of decentralized decision-making by using a system-optimal model and 

                                                 
1 Contributing authors in the results section included Robert K. Grala, Jason S. Gordon, Hugh R. Medal, and 
Katarzyna Grala. 
2 Contributing authors in the results section included Hugh R. Medal, Eghbal Rashidi, Tanveer H. Bhuiyan, Max 
Moseley, and Robert K. Grala. 
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comparing its results with those produced by a landowner-optimal model. This comparison 
will help managers measure the value of providing incentives to landowners. Finally, we 
examined the effect of NIPF landowner behavior on prescribed resource allocation by 
comparing different resource allocation strategies. The first strategy allocated resources 
uniformly across forest parcels (i.e., uniform allocation), whereas the second allocated 
resources proportionally based on the characteristics of the forest parcel (i.e., proportional 
allocation). Unfortunately, these two methods may not minimize fuel treatment and other 
suppression costs because they do not consider landowner behavior. Thus, we compared the 
allocation produced by the landowner-optimal model to the uniform and proportional 
allocations to identify strategies that minimize fuel suppression costs. 

 
 
 

Background 
 
 

Many decades of wildfire suppression have resulted in extensive forest fuels accumulation 
which increases the likelihood of large wildfires (Agee and Skinner, 2005; Donovan and Brown, 
2008). This problem is exacerbated due to the increasing number of people and valuable property 
intermingled with fire-prone wildlands (Cochrane et al., 2012; McCaffrey, 2009). Fuels 
management in these areas can reduce wildfire hazard but also restore and maintain healthy 
ecosystems (Agee and Skinner, 2005). An appropriate application of various fuel treatments can 
help decrease probability of wildfire occurrence as well as manage its size and spread (Cochrane 
et al., 2012). In reality, most fire-prone landscapes face a “fire-deficit,” with far fewer areas 
burned than needed to meet fire hazard or ecological objectives (Stephens, 2005). In particular, 
prescribed fire treatments and other fuels treatments are less utilized on NIPF lands (Haines et al., 
2001), a major problem considering their extent in many fire-prone regions and the typical 
juxtaposition of these wildlands with homes and structures. 

While some research has indicated that a majority of NIPF landowners implement some 
activities to protect themselves from hazardous wildfires (Jarrett et al., 2009), others reported that 
landowners failed to do enough to prevent wildfire occurrence on their own land (Busby and 
Albers, 2010). In some cases, landowners might simply be unaware of available wildfire 
prevention programs or think that such programs do not provide sufficient incentives to 
participate and coordinate their efforts (Jarrett et al., 2009). However, another reason might be 
that NIPF landowners often do not bear all the costs of wildfire suppression and, therefore, their 
decisions regarding implementation of fuel treatments might not coincide with the fuel treatment 
level that is in the public interest. A similar argument was made by Busby and Albers (2010) who 
indicated that, in mixed-ownership scenarios, private landowners do not have to incur wildfire 
prevention costs while they still can utilize the benefits of public wildfire protection. 

Understanding fuel treatment decisions of NIPF landowners will help develop better 
wildfire prevention strategies. In regions with mixed ownership and a large number of individual 
owners, planning large-scale or coordinated wildfire prevention requires involvement, 
cooperation, and commitment from NIPF landowners (Rummer, 2008). While NIPF landowners 
are crucial for successful coordination of wildfire prevention strategies, encouraging their greater 
participation might be challenging due to diverse ownership objectives (Jarrett et al., 2009). By 
participating in a fuel reduction program, NIPF landowners can not only help achieve public 
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wildfire prevention objectives and decrease government expenditures but also limit their private 
losses. 

Improved communication of wildfire prevention benefits by government agencies can 
help increase landowner participation in reducing fuel accumulation and decrease wildfire 
occurrence (Amacher et al., 2005). Fuels managers have at their disposal various fuel treatment 
options, such as prescribed burning, mechanical fuel reduction, herbicidal treatment, grazing, and 
manual methods to achieve desired fuel arrangements as well as satisfy their diverse forest 
management objectives (Wolcott et al., 2007). However, public agencies and NIPF landowners 
cannot make fully informed decisions regarding fuel treatments and allocation on private lands 
without knowing their costs and expected benefits. Often the inability to implement and 
coordinate wildfire prevention efforts is related to budgetary constraints and necessitates a 
comparison of fuel treatment costs and expected wildfire prevention benefits to determine the 
best allocation of available resources (Rummer, 2008). Limited information on actual fuel 
treatment costs and benefits does not allow for making reliable trade-off analyses; a full 
understanding of involved costs and benefits as well as avoided costs is critical for making 
effective decisions regarding allocation of resources related to wildfire prevention and 
suppression. 
 
 
 

Materials and Results 
 
 

The primary data used in this study was collected through a mail survey sent to 
Mississippi’s NIPF landowners. The sampling frame included NIPF landowners who owned at 
least 16 ha (40 acres) of uncultivated land in Mississippi. Names and addresses of NIPF 
landowners included in the sampling frame were obtained from county tax assessors and were 
identified based on tax rolls. The survey was deployed on a sample of 2,000 NIPF landowners 
who were invited to participate in the mail survey. Based on previous research (Grala et al., 
2009; Grala et al., 2010; Grala et al., 2012; Jarrett et al., 2009) and an expected response of rate 
30%, this sample size was sufficient to receive at least 283 completed questionnaires and 
maintain a sampling error of 5% or better at the 95% confidence interval.  

To increase the response rate, the survey followed the Tailored Design Method described 
by Dillman et al. (2009) and consisted of five mail contacts including a brief introductory letter, 
first questionnaire, thank you/reminder postcard, second replacement questionnaire, and 
third/final replacement questionnaire. Survey responses were tested for a nonresponse bias by 
comparing socio-demographic characteristics of surveyed NIPF landowners with those 
published in the National Woodland Owner Survey (NWOS) (Butler, 2016; Greene, 2008; 
Mitchell & Carson, 1989; Wooldridge, 2000). The study was completed in two phases. In Phase 
I, a mail survey was used to collect information on owned forest land and landownership goals; 
landowner opinions about wildfires, landowner willingness to implement a prescribed burn, and 
landowner socio-demographic information. In Phase II, responses survey responses were 
incorporated into cost-share simulation modeling. 
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Figure 1. A conceptual diagram illustrating research activities involved in determining benefits 
and costs of implementing fuel treatments on nonindustrial private forest (NIPF) lands in 
Mississippi. 
 
 

Types of fuel treatments applied on NIPF lands, incurred treatment costs, and 
expected wildfire prevention benefits. This portion of the study summarized information on 
fuel reduction treatments on NIPF lands, geographic distribution of applied treatments, 
landowner interest in implements fuel treatments, landowner opinions about wildfires and 
smoke, wildfire occurrence; and landowner socio-demographic characteristics. Landowner 
responses were elicited using closed-ended questions with ordered choices, close-ended 
questions with unordered choices, rank questions, and open-ended questions. Case frequencies, 
percentage distributions as well as mean and median ranking scores were calculated to evaluate 
landowner responses. Pearson’s Chi-square and Mann-Whitney tests were used to examine 
statistical differences in responses between NIPF landowners who implemented fuel treatments 
on their forest land and those who did not implement any treatments. The analysis was 
completed using SPSS Statistics. 
 

Willingness of NIPF landowners to pay for fuel treatments to prevent the 
occurrence of wildfires. This portion of the study collected information on landowners’ 
willingness to implement a prescribed on their forest land. The contingent valuation method 
(CVM) was used to create a hypothetical scenario to determine landowner willingness to pay 
(WTP) for fuel treatments. Landowners were asked to assume that they owned 40-acre tract of 
loblolly pine tract managed for timber. The stand was 20 years old and was scheduled for 
harvest at age of 35 years. Landowners were presented with an opportunity to implement a 
prescribed burn by a consulting forester. The foresters would develop a written prescribed burn 
plan, obtain a prescribed burn permit, rent needed equipment, hire labor and certified burn 
manager, and implement the burn at per acre (ac) fee. Landowners were randomly assigned 
preselected payment levels and a dichotomous choice question was used to elicit their response 
whether they would be willing to implement a prescribed burn on their land at a presented 
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payment level. A binary probit regression model was constructed to quantify landowner WTP 
and determine impacts of attitudinal factors, and landowner socio-demographic characteristics 
on reported WTP amounts (Greene, 2008; Wooldridge, 2000). The study used Delta method to 
estimate a mean WTP. The analysis was completed using SAS and SPSS. 
 

A cost-share allocation model for fuel reduction treatments. This study portion 
focused portion on developing a decision-making tool that will help managers allocate limited 
cost-share resources among landowners in order to maximize wildfire risk reduction. The model 
unique feature is that it incorporated uncertainty related to whether landowners would implement 
a fuel reduction treatment on their land or not. The model incorporated stochastic programming 
with endogenous uncertainty where the probability that a landowner will implement a fuel 
reduction treatment at a proposed cost-share level was treated as endogenous to the model.  The 
cost-share allocation problem was modeled as a two-stage stochastic mixed-integer programming 
model.  

The first stage, MinExpDamage, involved allocation of available cost-share resources 
among landowners and determination of which landowners will decide to participate or not 
participate in the cost-share program. This stage determined an optimal of cost-share assistance 
to each landowner in order to minimize damage due to wildfire. The second stage simulated the 
spread of wildfire and quantified the damage to the landscape using FlamMap and Monte Carlo 
Simulation for a specified level of cost-share assistance and accounting for landscape 
characteristics, fuel brakes placements, and fire ignition location. 
 
 
 

Results and Discussion 
 
 
 Of 2,000 sent questionnaires, 569 were returned completed and useable for analysis. An 
adjusted response rate was 32.24% after accounting for non-eligible, deceased, non-reachable 
landowners and those who refused to participate in the survey. The survey response rate was 
consistent with other studies examining opinions of Mississippi landowners (Mutandwa et al. 
2016a and 2016b). A summary of landowner socio-demographic characteristics is presented in 
Table 1. Landowner’s mean age was 67 years with majority of landowners being males (77.2%) 
and 28.2% being females. In terms of education, 77.0% of landowners had some college or 
higher education, of which 48.4% had four-year college as well as Mater’s, Doctoral, and 
professional degrees. Only a small portion of landowners had high school, General Educational 
Development, or less than high school education. Landowners differed in terms of their 
residence proximity to s wildland area. Majority of landowners (24.2%) lived more than three 
miles away from a wildland area. However, 17.2% lived within a wildland area and 11.1% were 
adjacent to such area. A small proportion (12.2%) lived within 100 yards to one mile from a 
wildland area. More than half landowners (61.4%) were members of various natural resource-
based organizations. However, individual landowners could belong to multiple organizations. 
Most frequently landowners belonged to county forestry (11.9%) and agriculture or farm-based 
(11.9%) organizations, followed by state/national forestry (9.1%) and agriculture of farm-based 
(7.3%) organizations, conservational or environmental organizations (7.1%), and community 
service organizations (6.6%). Other organization types accounted for less than 5.0%. An average 
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before-taxes household income was $64,515 with 55.48% of landowners reporting income up to 
$80,000 and 44.52% above $80,000. The average household income reported by forest 
landowner was larger than the national average of $54,906 for year 2015 (U.S. Census Bureau 
2017). Results related to landowner’s gender, age, and income were consisted with NWOS 
estimates reported for landowners owning at least 10 ac of forest land (Butler and Butler 2016, 
Butler at al. 2016). 
 
Table 1. Nonindustrial private forest (NIPF) landowner socio-demographic characteristics based 
on responses to the mail survey conducted in Mississippi in 2015. 

Socio-demographic characteristic Frequency (%)a 
Age (mean = 67 years) 
Gender 
   Male 
   Female 

 
77.2 
28.2

Education 
   Less than high school 
   High school or General Education (GED) test 
   Some college 
   Two-year college degree 
   Four-year college degree 
   Master’s Degree 
   Doctoral Degree 
   Professional Degree (JD, MD) 

 
3.3 

19.7 
20.2 
8.4 

26.0 
12.9 
3.5 
6.0

Proximity of residence to wildland area 
   Within wildland area 
   Adjacent to wildland area 
   Between 100 and 300 yards 
   More than 300 yards but less and 1 mile 
   Between 1 and 3 miles 
   More than 3 miles 
   Don’t know 

 
17.9 
11.1 
7.2 
5.2 
9.2 

24.2 
25.3

Membership in organizations1 
   State/national forestry organization 
   State/national wildlife organization 
   State/national agriculture or farm-based organization 
   County forestry organization 
   County wildlife organization 
   County agriculture or farm-based organization 
   Conservation or environmental organization 
   Community service organization 
   Other 

 
9.1 
3.9 
7.3 

11.9 
1.6 

10.7 
7.1 
6.6 
3.2

Household income (mean=$64,515) 
aIndividual percentages add to more than 100% due to membership multiple organizations. 

Surveyed landowners cumulatively owned 97,305 ac of forest land. On average, they 
owned 185 ac; however, there was a substantial variation in the area of owned forest land (S.D. = 
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344.34 ac) with an average ownership ranging from 54 to 1,215 ac (Figure 2) and individual 
ownership as large as 5,000 ac (Table 2, Figure 3) 
 
 
Table 2. A total forest land area owned by nonindustrial private forest (NIPF) Mississippi 
landowners participating in 2015 mail survey. 

 
 
 

 
 
Figure 2. Distribution of an average forest land owned as reported Mississippi nonindustrial 
private forest (NIPF) landowners participating in the mail survey in 2015. 

Statistics Forest land area owned 

(acres) 

Minimum 0
Maximum 5,000
Mean 184.99
Std. Deviation 344.45
Total 97,305
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Figure 3. Distribution of a total forest land owned as reported Mississippi nonindustrial private 
forest (NIPF) landowners participating in the mail survey in 2015. 
 
 

Landowners owned forest land for a variety of reasons, from which production of 
traditional forest products, wildlife habitat, long-term investment, legacy to heirs, and personal 
recreation received high importance rankings (4 on 1-5 Likert scale where 1 – unimportant, 2 
of little importance, 3 – moderately important, 4 – important, and 5 – very important). A fee-
based recreation was assigned a little importance (2 on 1-5 Likert scale) (Table 3). Majority of 
landowners (82.4%) did not have a written management for their forested tracts, 14.6% had 
such plan, and 2.9% were unsure. Of those landowners who had the plan, only 13.6% indicated 
that fuel reduction treatments were part of the plan, whereas 72.4% reported that fuel 
treatments were not part of the plan and 14.0% were unsure. 

Some landowners have experienced wildfires on their forest land as well as indicated 
that wildfires occurred on neighboring properties (Table 3). Approximately 20.2% of 
landowners reported wildfires on their forest land, whereas 18.2% reported wildfires on 
neighboring properties. In terms of wildfire occurrence on forest land owned by landowners, an 
area affected by wildfires ranged substantially from one to 260 ac. In total, wildfires occurred 
on 3,463 ac owned by landowners and a mean wildfire size was 35.34 ac. Wildfire occurrence 
on neighboring properties affected substantially larger forest land area with wildfires occurring 
on forest tracts as large as 1,000 ac and a mean wildfire size of 73.45 ac. Landowners indicated 
that a total of 4,407 ac of neighboring forest lands were affected by wildfire occurrence. 
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Table 3. Wildfire occurrence in Mississippi based on nonindustrial private forest (NIPF) 
landowner responses to a mail survey conducted in 2015. 

Wildfire occurrence Frequency 
(%) 

Past wildfire past occurrence on landowner property 
   Yes 
   No 
   Don’t know 

20.2
72.8
7.0

Past wildfire occurrence on landowner neighbor’s property 
   Yes 
   No 
   Don’t know 

18.2
58.7
23.1

 
 

Majority of landowners (86.6%) were concerned with a property damage due to a 
wildfire, whereas a relatively smaller proportion of landowners (67.6%) was also concerned 
with a smoke damage due to wildfire resulting in a vehicular accident or a sickness (Table 4). 
On average, both issues were assigned a mean ranking scores of 4 on a 1-5 Likert scale with 
the following ranking categories: 1 – strongly disagree, 2 – disagree, 3 – undecided, 4 – agree, 
and 5 – strongly agree. However, only 4.3% of landowners knew someone who experienced 
personal health effects due wildfire smoke (Table 4). Most landowner expressing the highest 
level of concern (5 on 1-5 Likert scale) owned a forest land in counties in southwestern, 
southcentral, and southeast Mississippi, whereas landowners in northwest and north east 
Mississippi expressed a moderate concern (4 on 1-5 Likert scale) (Figure 3). 
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Table 4. Landowner concern and experience with wildfires based on responses to a mail survey 
conducted in 2015. 

Importance of wildfire damage Frequency 

(%) 
Importance of property damage due wildfire as an issue 
   Strongly agree 
   Agree 
   Undecided 
   Disagree 
   Strongly disagree 

55.0
31.6
7.2
4.5
1.6

Importance of smoke damage due to wildfire as an issue 
   Strongly agree 
   Agree 
   Undecided 
   Disagree 
   Strongly disagree 

32.0
35.6
67.6
85.9
96.7

Experience of personal health effects due to wildland fire 
smoke 
   Yes 
   No  

4.3
95.7

 
 

 

Figure 4. Distribution of a landowner concern with property damage due to a wildfire based on 
responses to a mail survey conducted in 2015. 
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Figure 5. Distribution of a landowner concern with smoke damage due to a wildfire based on 
responses to a mail survey conducted in 2015. 
 
 

Landowners expressed a varying interest in implementing fuel reduction treatments on 
their land and they were interested in treating from 13.23% to 49.52% of their land depending 
on a forest land type (Table 4). Most commonly, landowners were interested in implementing 
treatments on pine plantation lands where they were willing to treat 49.2% of owned forest land 
area. On average, landowners were interested in treating 16.39% (145.61 ac) of pine 
plantations with a total of potentially treatable area amounting to 24,803 ac. In terms of natural 
pine stands, landowners were willing to treat 38.63% (3,040 ac) of their land and, on average, 
they were interested in treating 34.88 ac. These two forest types were followed by natural 
mixed pine and hardwood stands, natural hardwood stands, and bottomland hardwoods were 
landowners were interested in treating 29.00, 18.68, and 13.23% of owned forest land area. 
These percentages corresponded to potentially treatable total forest land areas of 4,473, 1,188, 
and 1,393 ac, whereas average treatable forest land areas corresponded to 32.89, 15.84, and 
16.39 ac. 
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Table 5. Landowner interest in treating a forest land with fuel reduction treatments by a forest 
land type based on responses to a mail survey conducted in 2015. 

Forest Land Type Forest Land Owned 
(ac) 

Acres Landowner 
Would Like to Treat 
with Fuel Reduction 

Treatments 

Percentag
e 

(%) 

Mean Total Mean Total 

Pine plantations 197.18 50,083 145.05 24,803 49.52 

Bottomland 
hardwoods 

76.30 10,530 16.39 1,393 13.23 

Natural pine stands 57.86 7,869 34.55 3,040 38.63 

Natural hardwood 
stands 

51.71 6,360 15.84 1,188 18.68 

Natural mixed pine 
and hardwood stands 

71.07 15,423 32.89 4,473 29.00 

Other 41.70 959 20.21 283 29.51 

 
 
 
 

 

Figure 6. Distribution of forest land owned that landowners in Mississippi were interested in 
managing with fuel reduction treatments based 2015 mail survey. 
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A relatively large proportion of landowners implemented some type of fuel reduction 
treatments on their forest lands in the past (Table 6). Most frequently, it was a prescribed burn 
which was implemented on 11,167 acres at average cost of $10.70/ac and interval of three 
years between treatments. A mechanical vegetation control was implemented, on average, 
every six years at the cost of $55.91/ac. The total forest land area treated with mechanical 
vegetation control amounted to 2,662 acres. A chemical vegetation control was implemented 
less frequently with an average interval of eight years and the cost of $53.75/ac. However, in 
terms of area treated it was the second preferred treatment after prescribed burn (6,623 acres). 
A relatively small proportion of landowners (1.4%) implemented other fuel treatments that 
included a site preparation, grazing, mowing fire lanes, collecting logging debris, and thinning.  
 
 

Table 6. Implementation of fuel reduction treatments by Mississippi landowners based on 
responses to a mail survey conducted in 2015.  

Fuel Reduction Treatmenta Area Treated 
(ac) 

Average Cost 
($/ac) 

Average 
Implementation 

Intervalb 
(years) 

Prescribed burn 11,167 10.70 3 

Mechanical vegetation control 2,662 55.91 6 

Chemical vegetation control 6,623 53.75 8 
a58.1% of landowners did not implement any fuel treatment, whereas 1.4% implemented other 
fuel reduction treatments. bRounded to full years. 
 
 

Landowners had various forest land management objectives when implementing fuel 
reduction treatments (Figure 7). Most landowners implemented treatments to manage undesired 
vegetation (60.90%), promote tree growth (57.70%), improve wildlife habitat (56.30%), reduce 
a likelihood of wildfire (54.70%), and reduce spread of diseases (49.00%). A smaller number of 
landowners implemented fuel reduction treatments to improve forest appearance (32.30%), 
dispose logging residues (26.10%), and prepare a forest site for replanting (25.40%). 
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Percentage (%)
 

 
 
Figure 7. Landowner primary objective for implementing fuel reduction treatments based on 
2015 mail survey. 
 
 
 A relatively large proportion of landowners (29.10%) was likely or very likely to 
implement a fuel reduction treatment in the next five years (Figure 8). However, even a larger 
proportion (41.00%) of landowners indicated they were very unlikely or very unlikely to 
implement a fuel treatment, whereas 29.90% were neutral. Areas on a likely fuel reduction 
treatment implementation concentrated mostly in two county clusters in southwestern and 
southeastern Mississippi (Figure 9). A landowner decision to implement a fuel reduction 
treatment was, to some extent, influenced by a neighbor’s decision to implement such 
treatment (Figure 10) where 9.70% of landowners indicated that neighbor’s decision to 
implement would definitely affect their decision and 52.60% indicated that maybe it would 
affect their decision. For 37.70% of landowners a neighbor’s decision to implement a fuel 
reduction treatment would not have any bearing on their own decision to do so.  

There were numerous reasons that landowners reported for not implementing fuel 
reduction treatments in the future (Figure 11). The most important reasons involved a potential 
liability due to escaped prescribed burn fire (4.1 on 1-5 Likert scale where 1 – unimportant, 2 – 
of little importance, 3 – moderately important, 4 – important, and 5 – very important), fuel 
treatment cost (4.0), lack of needed equipment (3.8), lack of experience (3.8), and smoke-
related vehicular accident or a sickness (3.6). Other reason of moderate importance included 
complaints from neighbors (3.3), difficulty in obtaining a prescribed burn fire permit (3.3), and 
implementation of similar treatments by neighbors (3.2).  
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Figure 8. A likelihood that a Mississippi forest landowner will implement a fuel reduction 
treatment in the next five years based on responses to a mail survey conducted in 2015. 

 
 

 

Figure 9. Distribution of likelihood that a Mississippi forest landowner will implement a fuel 
reduction treatment in the next five years based on 2015 mail survey. 
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Figure 10. A likelihood that a neighbor’s decision to implement a fuel reduction treatment will 
prompt a landowner to implement a treatment on her/his land based on 2015 mail survey. 
 
 

 
 

Figure 11. Importance of factors in landowner’s decision to implement a fuel reduction treatment 
in the next five years based on 2015 mail survey and 5-point Likert scale: 1 – unimportant, 2 – of 
little importance, 3 – moderately important, 4 – important, and 5 – very important.  
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Majority of landowners were not familiar and did not participate in any of the listed 
wildfire- or prescribed burn-related programs (79.4 to 93.5% depending on the program) (Table 
7). A small proportion of landowners was familiar with the program but did not participate (3.7 
to 15.2% depending on the program). A number of landowners participating in programs was 
also relatively low and ranged from one to 6.1%, depending on the program. Most commonly, 
landowners participated in Environmental Quality Incentives Program (EQIP) (6.1%), Wildlife 
Habitat Incentive Program (WHIP) offered by NRCS (5.5%), and Firewise (3.9%). 
 
 
Table 7. Familiarity and participation in wildfire programs based on responses to 2015 mail 
survey. 

Program Participated Did not 
participate but 
familiar with 
the program 

Did not 
participate and 

not familiar 
with the 
program 

Firewise 3.9 9.1 87.0 

DoD Fire Assistance Program 1.0 3.9 95.0 

Volunteer Fire Assistance 
Program 

2.4 13.4 84.2 

GSA Wildland Fire Program 1.0 3.7 95.3 

Prescribed Burn Association 2.6 11.6 85.7 

Informal group of landowners 
working together to implement 
fuel treatments 

1.2 6.6 92.2 

Certified Prescribed Burn 
Manager Training (Mississippi 
Forestry Commission and 
Mississippi State University) 

3.1 12.9 84.1 

Prescribed Fire Councils 1.2 6.0 92.8 

Fire on the Forty 3.3 4.9 91.8 

Environmental Quality 
Incentives Program (EQIP) 
offered by NRCS 

6.1 10.2 83.6 

Wildlife Habitat Incentive 
Program (WHIP) offered by 
NRCS 

5.5 15.2 79.4 
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Landowners were relatively indifferent and relatively tolerant in terms of smoke from 
various sources and management practices, except smoke from a fire ignited by an arsonist which 
received a little tolerance ranking (4 on 1-5 Likert scale where 1 – very tolerant, 2 – tolerant, 3 
moderately tolerant, 4 – of little tolerance, and 5 – intolerant) (Table 8). 
 
 
Table 8. Landowner tolerance to smoke from various sources and management activities based 
on mail survey conducted in 2015. 

Smoke Source/Management Approach Mean Rankinga 

Lightning 2.33 

Fire ignited by an arsonist 3.96 

Prescribed burn for management 2.10 

Prescribed burn ignited by land managers on public lands 2.22 

Fire ignited by land managers on private lands 2.17 

Prescribed burn ignited by land managers on private lands 2.04 

Prescribed burn to achieve forest health objectives 2.11 

Smoke from fire that is allowed to burn itself our 2.56 

Smoke from fire suppressed on one or more flanks 2.53 
aMeasured on 1-5 Likert scale were 1 – very tolerant, 2 – tolerant, 3- moderately tolerant, 4 – of 
little tolerance, 5 – intolerant. 
 
 

A total of 525 landowners provided an answer to a hypothetical scenario in which a 
consulting forester would implement a prescribed burn on their land (Table 9). Of this number, 
26.48% of landowners were willing to implement a prescribed burn at a suggested payment 
level, 43.24% were not willing to implement the burn, and 30.29% were unsure. The number of 
landowners willing to implement a prescribed burn decreased at higher payments levels. For 
example, at 44.79% of landowners were willing to pay $4.00/ac or less to implement a 
prescribed burn on their land, 32.12 % would pay $64.00/ac or less, and only 27.04% would 
pay $254.00/ac or less. A mean WTP, estimated using Delta method, was $63.57/ac. There 
were numerous reasons of why landowners were not willing to implement a prescribed buring 
on their land at offered payment levels. 
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Table 9. Landowner willingness to implement a prescribed burn at randomly selected payment 
levels based on 2015 mail survey conducted in Mississippi. 

Vote 

Payment level  

($/ac) 

1 2 4 8 16 32 64 128 256 512 Total 

Yes 30 29 14 20 13 7 2 8 3 3 139 

No 7 8 16 17 18 24 27 36 29 45 227 

Unsure 17 17 15 20 16 16 15 15 17 11 159 

Total 54 54 55 57 47 47 44 59 49 59 525 

 
 
 
 
 

 
 
Figure 12. Reason why landowners in Mississippi were not willing to implement a prescribed 
burn on their land implement based on 2015 mail survey. 
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The damage due to a wildfire was quantified by simulating a wildfire spread in a 
forested landscape that was divided into raster cells following the approach described by 
Rashidi et al. (2017) where the center of each cell was considered as a node. Nodes were 
connected with the neighboring nodes through directed arcs and together represented the 
forested landscape as a directed network (Figure 13).  

 

  
       A               B 

 
Figure 13. Representation of a forested landscape as set of raster cells (A) and a directed network 
of connected nodes (B). 
 
 

It was further assumed that if a landowner accepted a cost-share payment, a fuel 
reduction treatment was also implemented and a respective land raster cell would not be 
passable for a wildfire. Sets of wildfire scenarios and subscenarios were based on random 
location of multiple locations of wildfire ignition points. The number of ignition points in 
subscenarios was varied from one to five resulting in more than 40 million possible wildfire 
subscenarios. To overcome computational difficulties for this large number of simulations, a 
Monte Carlo Simulation (MCS) was implemented to produce a random sample of 5,000 
subscenarios, whereas FlamMap was used to quantify a wildfire spread rate and fire direction 
in each landscape grid cell. Wildfire damage was simulated using MinExpDamageMIP 
deployed on Python 2.7 with Gurobi solver for a scenario involving 10 landowners and 625 
land parcels accounting for land characteristics related to elevation, slope, and moisture content 
(Gurobi Optimization 2017). The analysis involved identification of multiple random ignition 
points (nodes) in the landscape where wildfire could ignite simultaneously. 

Model experimentation was based on a selected area in Santa Fe National Forest 
assuming 10 landowners and a total of 625 parcel. Each parcel differed in vegetation density, 
proximity to population, and economic value and, therefore, was assigned a corresponding 
numerical weight. The weight represented a wildfire risk to surrounding parcels and was used to 
allocate a cost-share assistance. Different forested landscapes were developed by renumbering 
original landowners and producing landscapes with three, four, five, and six landowners and 
reassigning owned land parcels accordingly (Table 15). While the total land area owned 
remained the same (2,161 ac), the size of individual parcels differed depending how many 
landowners were assigned to the landscape (Table 16). 
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Table 15. Landowner reassignment in the selected area of Santa Fe National. 

Original 
landowners 

Number of landowners 
3 4 5 6 

1 1 1 1 1 
2 2 2 2 2 
3 3 3 3 3 
4 1 4 4 4 
5 2 1 5 5 
6 3 2 1 6 
7 1 3 2 1 
8 2 4 3 2 
9 3 1 4 3 
10 1 2 5 4 

 
 
 
 
Table 16. Forest land acreage owned by each reassignment landowner. 

Landowner Number of landowner 

3 4 5 6 

1       1,207.4 615.8 366.7 332.1 

2 484.3 484.3 304.4 480.9 

3 470.5 470.5 646.9 477.4 

4 - 591.6 422.1 422.1 

5 - - 422.1 276.8 

6 - - - 173.0 

 
 

A risk-based allocation of cost-share funding was based on a combination of landowner, 
allocation, and cost-share budget levels (Table 17). Based on these parameters, the amount of 
allocated approximate cost-share assistance varied from $0.00 to $38.41 per ac (Table 18). 
 
Table 17. Parameters used to simulate allocation of cost-share funding to minimize landscape 
damage due to wildfire. 

Parameter Value 

Number of landowners 3, 4, 5, 6 

Number of allocation levels 2, 5, 10, 15 

Budget level $20,000, $40,000, $60,000, $80,000, $100,000 
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Table 18. An approximated cost-share amount for each allocation level and the total number of 
allocation levels. 

Level Number of levels 

             2             5            10             15 

0 $0.00 $0.00 $0.00 $0.00 

1 $19.91 $4.98 $2.21 $1.42 

2 - $14.94 $6.64 $4.27 

3 - $24.89 $11.06 $7.11 

4 - $34.85 $15.49 $9.96 

5 - - $19.91 $12.80 

6 - - $24.34 $15.65 

7 - - $28.77 $18.49 

8 - - $33.19 $21.34 

9 - - $37.62 $24.18 

10 - - - $27.03 

11 - - - $29.87 

12 - - - $32.72 

13 - - - $35.56 

14 - - - $38.41 

 
 

An overall cost-share budget had a substantial impact on the expected wildfire damage to 
the landscape. Larger cost-share assistance to individual landowners and larger overall cost-share 
budget were associated with smaller expected damage because larger individual cost-share 
amounts offered to landowners increased the probability that they will participate in the cost-
share program, whereas a larger overall cost-share budget allowed for offering larger cost-share 
payments to all landowners. The greatest reduction in the number of damaged cells were 
observed for a budget of up to $80,000 (Table 19). A budget increase from $80,000 to $100,000 
resulted in a relatively minimal reduction in damaged cells, whereas budget increases beyond 
$100,000 did not produce any additional reduction in damaged landscape cells. This trend took 
place because the maximum individual cost-share allocation to a landowner was $38.41 per ac 
and a required total budget to offer this maximum payment to every landowner was $83,004. 
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Table 19. Improvements in expected wildfire damage to the landscape at different budget and 
allocation levels. 

Number of 
landowners 

Budget Number of allocation levels Average 
improvement 

(%)
      5      10       15 

3 20,000 134.98 131.09 131.87 - 

40,000 88.86 87.82 86.64 51.10 

60,000 56.64 55.31 53.90 58.80 

80,000 35.19 31.18 31.38 69.70 

100,000 35.19 29.71 38.32 4.90 

120,000 35.19 29.71 28.32 0.00 

140,000 35.19 29.71 28.32 0.00 

4 20,000 127.96 124.74 124.70 - 

40,000 86.68 84.29 83.45 48.30 

60,000 52.30 52.49 51.96 62.30 

80,000 33.80 30.02 29.74 67.50 

100,000 33.80 28.54 27.20 4.50 

120,000 33.80 28.54 27.20 0.00 

140,000 33.80 28.54 27.20 0.00 

5 20,000 122.97 122.92 122.32 - 

40,000 82.89 82.87 82.41 48.40 

60,000 52.01 49.93 49.77 63.60 

80,000 32.48 28.39 28.50 69.80 

100,000 32.48 27.41 26.12 3.90 

120,000 32.48 27.41 26.12 0.00 

140,000 32.48 27.41 26.12 0.00 

6 20,000 121.89 121.01 120.87 - 

40,000 82.69 81.47 81.43 48.10 

60,000 50.78 49.70 49.56 63.70 

80,000 32.57 28.50 28.39 67.70 

100,000 32.57 27.48 26.19 3.70 

120,000 32.57 27.48 26.19 0.00 

140,000 32.57 27.48 26.19 0.00 
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A change in the number of allocation levels was also associated with different numbers of 
damaged landscape cells where a greater number of allocation levels translated into a greater 
reduction in damaged cells (Tables 20 and 21). The greatest reductions were observed for 
allocation level increases from five to 10 and then 15. This relation was due to the fact that a 
larger number of allocation levels allowed for determining more precise cost-share payment 
amounts that individual landowners would be willing to accept and thus, in terms of wildfire 
damage reduction, utilize a budget in a more effective manner. 
 
 
Table 20. Improvements in expected wildfire damage to the landscape at different allocation 
levels for an experiments with three landowners. 

Number of 
allocation 
levels 

Budget Average 

Improvement 
(%) 

$20,000 $40,000 $60,000 $80,000 $100,000 

Improvement level (%) 

2 - - - - - -

5 2.27 11.02 48.12 138.41 138.41 67.65

10 2.97 1.19 2.42 12.85 18.43 7.57

15 -0.59 1.36 2.61 -0.62 4.92 1.54

20 0.16 0.62 0.57 2.55 2.30 1.24

50 0.73 0.68 0.47 -0.05 3.05 1.15

 
 
 
Table 21. Improvements in expected wildfire damage to the landscape at different allocation 
levels for an experiments with four landowners. 

Number of 
allocation 
levels 

Budget Average 

Improvement 
(%) 

$20,000 $40,000 $60,000 $80,000 $100,000 

Improvement level (%) 

2 - - - - - -

5 6.17 10.92 55.41 140.44 140.44 70.67

10 2.59 2.83 -0.37 12.59 18.44 7.22

15 0.03 1.01 1.02 0.94 4.92 1.58

20 0.20 -0.10 0.49 0.75 2.29 0.73

50 0.12 0.61 0.62 0.46 3.94 1.16
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Conclusions 
 
 

Most landowners were concerned with a property damage due to a wildfire as well as a 
smoke damage. However, majority of them did not implement any fuel reduction treatments to 
reduce wildfire risk hazard on their land. Most commonly, in terms of frequency and total area 
application, landowners implemented a prescribed burn, chemical vegetation control, and 
mechanical vegetation control. Most likely, it was due the costs associated with implementing 
these fuel treatments where a prescribed burn was associated with the lowest average cost and a 
mechanical vegetation control with the highest. Most commonly, fuel reduction treatments were 
implemented for purposes related to vegetation control, tree growth, and wildlife habitat, 
whereas a wildfire hazard mitigation had medium frequency. Additionally, most landowners 
were not familiar and did not participate in wildfire mitigation programs indicating the need to 
intensify and diversify outreach efforts to reach relevant landowners with information on 
available technical and financial resources related wildfire mitigation and fuel treatment 
implementation.  

Only one-third of landowners were planning to implement a fuel reduction treatment in 
the next five years, and those who did not plan to do so most frequently reported lability due 
escaped fire, cost, lack of equipment, and lack of experience indicating a need for both technical 
and financial assistance. While a relatively small proportion of landowners participated or were 
aware of existing wildfire programs, there was a substantially larger number of landowners who 
were willing to participate in a program where all activities related to a prescribed burn were 
implemented on their behalf by qualified personnel for a fee. On average, landowners were 
willing to pay a fee that was higher than a reported average cost of implementing a fuel 
treatment on landowner land. Thus, while a cost was most commonly reported a factor 
prohibiting implementation of a fuel treatment, it is also possible that technical limitations 
might be equally or more important particularly when implementing fuel treatments requiring 
advanced training such as a prescribed burn. 

A modeled wildfire damage varied depending on whether a financial assistance was 
allocated based on damage risk or uniformly allocated among landowners. For the same budget, 
a risk-based allocation resulted in a smaller wildfire damage because financial resources were 
allocated to the most hazardous land parcels by offering owners of these parcels larger cost-
share payments. The maximum reduction in wildfire damage due to a risk-based allocation was 
27%. In terms of uniform allocation, the expected wildfire damage could also be decreased but 
this approach would require larger budgets because all landowners would have to be offered the 
same larger cost-share payment which might be challenging due to limited budgets. Therefore, 
when budgets are limited and relatively small, a prioritization of cost-share payments and 
prescribed burns to high wildfire risk areas would facilitate the largest reduction in wildfire 
damage. 
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Appendix B: List of Completed/Planned 
Scientific/Technical Publications/Science Delivery 

Products 
 
 

1. Articles in peer-reviewed journals 
 
Bhuiyan, T.H., Medal, H.R., Moseley, M., Rashidi, E., and Grala, R.K. In Preparation. 
A cost-share allocation model for fuels treatment under uncertain landowner behavior. 
To be submitted to European Journal of Operational Research in 2017. 
 
Grala, K., Grala, R.K., Hussain, A, Cooke III, W.H., and Varner III, J.M. 2017. Impact 
of human factors on wildfire occurrence in Mississippi, United States. Forest Policy and 
Economics 81: 38-47. 
 
Rashidi, E., Medal, H., Gordon, J., Grala, R., and Varner, M. 2017. A maximal 
covering location-based model for analyzing the vulnerability of landscapes to 
wildfires: Assessing the worst-case scenario. European Journal of Operational Research 
258(3): 1095-1105. 

 
 

2. Graduate dissertation 
 

Shrestha, A. In preparation. Fuel Reduction Treatments by Nonindustrial Private Forest 
Landowners in Mississippi. Ph.D. Dissertation. Mississippi State University. 

 
 

3. Conference presentations and posters 
 

Shrestha, A., Grala, R.K., Grado, S.C., Roberts, S.D., and Gordon, J.S. 2017. Fuel 
reduction treatments by nonindustrial private forest landowners in Mississippi. 
Graduate Student Research Symposium, March 25, 2017, Mississippi State University. 
Poster. 
 
Shrestha, A., Grala, R.K., Grado, S.C., Roberts, S.D., and Gordon, J.S. 2016. 
Implementation of fuel reduction treatments on nonindustrial private forest lands in 
Mississippi. International Society of Forest Resource Economics 2016 Conference. 
April 3-5, 2016. Raleigh, North Carolina. Refereed. Poster. 
 
Grala, R.K., Medal, H.R., Gordon, J.S., Varner, J.M., Grado, S.C. and Grala K. 2016. 
Willingness of forest landowners to implement fuel treatments. International Society of 
Forest Resource Economics 2016 Conference. April 3-5, 2016. Raleigh, North 
Carolina. Paper presentation. Presented by J.S. Gordon. 
 
Grala, R.K., Grala, K. Varner, J.M. Munn, I.A., Grado, S.C., Cooke, W.H., and Medal 
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H.R. 2015. Reduction of wildfire hazard in Mississippi through implementation of fuel 
treatments. Society of American Foresters 2015 National Convention. November 3-7, 
2015. Baton Rouge, Louisiana. Paper presentation. 
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(NIPF) lands. http://webdev.cfr.msstate.edu/wildfire/  

 
 
 
 
 


