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Moving fire forward... 

Restoring landscapes to historical conditions serves very important ecological objectives. To be a truly 
sustainable endeavor, restoration projects should be socially desirable and economically feasible. Completion of 
approval under the National Environmental Policy Act of 1969 offers a systematic process to facilitate public 
participation and to gauge social desirability of federal land management and associated environmental impacts. 
When it comes to costs, federally-funded projects also have to estimate the likely economic impacts of actions 
such as restoration projects. Dr. Nianfu Song and I, at the University of Missouri’s School of Natural Resources 
completed a report titled “Economic Impacts of the Implementation of the Missouri Pine-Oak Woodlands 
Restoration Project at the Mark Twain National Forest, 2012-2019,” (link HERE) where we examined some of 
the economic implications of investing in this project under the US Forest Service Collaborative Forest 
Landscape Restoration Program (CFLRP). The CFLRP “Missouri Pine-Oak Woodlands Restoration” project 
(link HERE) is slated for implementation over 126,000 acres within the Mark Twain National Forest (MTNF) in 
Missouri. 

When conducting economic analyses one should define the geographic scope of the area under assessment, its 
time horizon, and which impacts will be included. In this particular case, those metrics were defined as the nine 
counties surrounding areas under CFLRP treatment, the period of project implementation (2012-2019), and 
tangible economic impacts such as jobs, income, and value added. The first two dimensions are self-explanatory, 
but the economic impacts measured may not be that obvious. For example, when it comes to jobs or value 
added, what effects should be attributed to a particular investment? 

 In the context of the MTNF-CFLRP, we defined those impacts as the direct, indirect, and induced economic 
effects associated with implementation of the project. Direct economic effects are those resulting from CFLRP 
activities including employment, labor payment, value added, and market output. Indirect effects include 
changes in demand for labor and goods that result from purchases and expenditures incurred for producing 

goods and services to meet the demand from direct 
purchases and expenditures. Induced effects refer to 
changes in employment and economic 
measurements as a result of the expenditure of 
households of employees of companies or 
institutions that incur both direct and indirect 
expenditures. 

    Among the many other economic metrics that 
could be estimated to measure impact, a common 
one is that of multiplier effects, or the measurement 
of a chain-effect in the economy as a result of new 
investments in project implementation. Several 
methods can be used to estimate economic impacts, 
and one commonly applied relies on input-output 
models of the economy. More specifically, we 

ECONOMIC DIMENSIONS OF RESTORING LANDSCAPES TO 
HISTORICAL CONDITIONS  

By Dr. Francisco Aguilar, Associate Professor  
School of Natural Resources, University of Missouri 

Restoration activities (forest thinning and prescribed burning) 
began in 1990 at the Pineknot Restoration Area, part of the 
Missouri Pine-Oak Woodlands Restoration Project.   ...Cont’d on Page 4 

 

http://www.oakfirescience.com
http://www.facebook.com/pages/Oak-Woodlands-and-Forests-Fire-Consortium/302945966434157
https://twitter.com/#!/oakfirescience
http://vimeo.com/oakfirescience
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fseprd493813.pdf
https://www.fs.usda.gov/detail/mtnf/landmanagement/?cid=stelprdb5423048
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n this study, researchers examined the impact of varying fire 

frequencies on plant community structure, composition, 

and diversity. They measured resulting changes in both the 

understory and overstory in oak savannas, woodlands and 

forests at the prairie-forest transition zone in east-central 

Minnesota, USA.   

Here, a prescribed fire experiment began in the early 1960s, 

designed to restore and maintain historically important oak 

savanna ecosystems. Fire frequency treatments ranged from no 

fire (fire exclusion) to near-annual fires. Management units were 

burned as many as 26 times from 1962 to 1995, with the most-

frequently burned units having about eight fires per decade. 

Most fires occurred between mid-April and mid-May, were of 

low intensity, and tended to burn only dead plant material.  

Researchers surveyed understory vegetation and tree canopy cover (overstory) to calculate species richness (a count of species) at 26 permanent study plots. 

In the overstory, tree species richness was calculated and canopy cover measured; in the understory, species richness was calculated for three plant functional 

groups: forbs, grasses (including sedges), and woody plants (including vines, shrubs and trees).   

   Catalogued within the study area were 38 grass species, 113 forb species, and 39 woody plant species, for a total of 190 different vascular plants; species 

counts within plots varied between 32 and 71.  

   Examining fire frequency, researchers found that the fire-exclusion treatment areas 
contained the greatest number of overstory tree species, which typically included oaks as 

well as shade-tolerant, fire-sensitive tree species, such as red maple (Acer rubrum) and black 

cherry (Prunus serotina). Woody plant species richness was maximized in the understory of 

the no-fire treatment areas, where the numbers of forb and grass species were both low, 

with grasses the lowest.  

   Grass species richness was its highest in the most-frequently burned plots, at about eight 

fires per decade. Here, only two overstory trees species persisted: bur oak (Quercus 

macrocarpa) and northern pin oak (Q. ellipsoidalis). In general, as fire frequency increased, 

grass species richness increased until leveling off once fire frequency exceeded five fires 

per decade.  

   At an intermediate fire frequency – about five fires per decade – total understory plant 

species richness was maximized. Forb species richness was also maximized at this fire 

frequency, and decreased when fire frequency increased further.  

   Examining how species richness varied by changes in canopy cover, researchers found 
the highest overall plant species richness in savanna and woodland plots, defined in this 

study as locations with mean tree canopy cover ranging from 20% to 70%. Forb and 

grass species richness was highest on plots with canopy cover of 50% or less, and 

...Cont’d on Page 3 

RESEARCH HIGHLIGHT: 

Fire frequency and tree canopy structure influence plant species 

diversity in a forest-grassland ecotone 
 

David W. Peterson, Peter B. Reich,  Plant Ecology, 2008, 194:5-16 

I 

Researchers found that plant species richness was highest in areas with 
spatially variable canopy cover (as pictured here), which were burned 6-8 
times per decade and characterized by intermediate canopy cover (20-
70%), suggesting that savannas and woodlands foster complex ecological 
conditions. (Photo: Dave Peterson) 
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Management  Implications 

  Total plant species richness – including forbs, grasses, and woody 

plants – was highest at about five fires per decade and with 35% forest 

canopy cover.  

  Species richness for grasses and sedges peaked at about six fires per 

decade and 20% canopy cover; five fires per decade and 10% canopy 

cover yielded the greatest number of forbs.   

  Species richness for woody plants (vines, shrubs and trees) was highest 

in areas with no fires and about 90% canopy cover.  

 

Moving fire forward... 

https://www.treesearch.fs.fed.us/pubs/33194
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Research Highlight, continued:  
decreased as canopy cover increased. The number of woody plant species 

increased as canopy cover increased. 

Examining fire frequency and tree canopy cover combined, researchers 
found that total plant species richness was highest in areas with 30% to 

60% canopy cover that were burned 6-8 times per decade. Forb species 

richness was maximized on sites with 10% to 50% 

canopy cover that were burned 4-7 times per decade. 

Grass species richness was highest in areas burned 

nearly annually with canopy cover of 0 to 60%. Grass 

species richness decreased with greater shade and lower 

fire frequency. Species richness among understory 

woody plants was highest where fire was excluded and 

canopy cover was 70% to 100%, and declined where 

shade was reduced and as fire frequency increased.  

In intermediate canopy cover (20% to 70%), where 

plant species richness was highest, no particular plant 

functional group dominated. It appears that these 

canopy conditions allowed many forbs, grasses, and 

woody species to coexist. Study authors suggest that 

savannas and woodlands may support high levels of 

plant community heterogeneity because their differing 

canopy cover fosters complex ecological gradients. 

Variations across gradients include available light, 

moisture, soil fertility, and disturbance frequency. In 

this study, the combination of fire frequency and 

canopy cover explained 57% of the variability in plant 

community heterogeneity. 

Low-intensity fire applied biennially produced the 

highest overall species diversity. Biennial fires reduced, 

but did not eliminate, woody plants in the understory, 

while forb and grass species richness increased. 

However, at fire frequencies greater than biennial, 

woody plant species decreased, but a corresponding 

increase in forb and grass species did not occur.  

These findings support an established ecological 

principle, the intermediate disturbance hypothesis, 

which predicts that species diversity will be greatest 

following disturbances of intermediate severity and 

frequency, which offer opportunities for new species to 

establish with minimal loss of existing species (for more 

Huston, M. (1979). A general hypothesis of species 

diversity. American Naturalist, 113, 81-101. 

Moving fire forward... 

on this, see Huston, 1979).  

The authors concluded that plant species richness in the study area 

appeared to be affected by both overstory canopy structure and fire 

frequency. Without fire, overstory trees and understory woody plants 

dominated sites, and competitively excluded native forbs and grasses. 

However, without shading from overstory trees, grasses held the 

competitive edge and displaced other species.  

Fire frequency and tree canopy cover effects on plant species richness at the plot level. Species richness values 
are for all plants (a,e), woody plants (b, f), forbs (c, g), and grasses (d, h). Open circles indicate old-field 
grassland plots. Solid lines indicate significant linear or quadratic relationships based on regression analysis. 
Vertical dotted lines indicate fire frequency or mean tree canopy cover values with maximum predicted 
species richness.  

 

Download this research brief 

HERE 
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FOR FURTHER READING  

http://www.journals.uchicago.edu/doi/abs/10.1086/283366
http://www.journals.uchicago.edu/doi/abs/10.1086/283366
http://www.oakfirescience.com/research-publications-1/2017/4/24/fire-frequency-and-tree-canopy-structure-influence-plant-species-diversity-in-a-forest-grassland-ecotone
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 A FIELD TRIP will feature collaborative research be-
tween the UT Forest Resources AgResearch and Edu-
cation Center, the UT Tree Improvement Program, 

and the Southern Research Station 

UPCOMING CONFERENCE 
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Economics, continued from page 1:  
modeled economic impacts within the commercial software IMPLAN 
(Impact Analysis for Planning). Lastly, as we engaged in the process of 
estimating impacts, we had to project expected forest conditions, including 
forest growth and harvest volume, for which we relied on regionally-adjusted 
information generated from the Forest Vegetation Simulator (FVS). 

Based on the above parameters and using information from the MTNF, 
here is what we found. The MTNF-CFLRP area corresponds to about 0.8% 
of forest land in Missouri, 4% of the regional nine-county timberland area, 
and 8% of MTNF lands. About $20 million will be invested to implement 
the project with one-half funded through the national Collaborative Forest 
Landscape Restoration Fund and the other half through MTNF matching 
funds, the Knutson-Vandenberg Fund, and non-governmental sources. The 
$20 million invested in MTNF-CFLRP implementation is expected to 
support an average of 138 jobs per year and generate $34 million in labor 
income as part of a total contribution of $44 million in value added to the 
nine-county economy over the 2012-2019 period. Merchantable tree volume 
within MTNF-CFLRP lands at the end of this period is expected to exceed 
the initial volume by 14%. Effectively, the project would have multiplicative 
effect of $2.22 of value added to the nine-county economy for every $1.00 
invested. 

Given the modest size and scope of the MTNF-CFLRP, this economic 
impact assessment found no discernable negative effects to the local nine-
county wood products industry, although impacts on particular industry 
segments and land management effects on timber quality will need further 

Restoration activities have just begun at this portion of the Missouri Pine-Oak 
Woodlands Restoration Project (Handy Project Area).  

evaluation. One last word regarding economic impacts, as we have already 
noted, in this model we only included ‘tangible’ effects that are internalized 
through direct economic measurements. Other benefits of restoration such 
as enhanced habitat, benefits of aesthetically appealing landscapes, among 
others, are not included in this analysis. These are not trivial nonetheless 
and we look forward to also examining those benefits and potential costs to 
have a much better understanding of how ecologically-desirable outcomes 
can also benefit economic systems. 

CLICK HERE for more information  

Moving fire forward... 

TOPICS: Adaptive silviculture, regeneration, economic 
markets, fire effects and history, growth and yield, long-

term research, oak woodland management  Sustaining Oak Forests in the 21st 
Century through Science-based 

Management  
Knoxville, TN, October 24 - 26, 2017 

http://www.outreach.utk.edu/Conferences/Sustaining%20Oak%20Forests/announcement.html
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Bernheim Arboretum and Research Forest 

Moving fire forward... 

  Bernheim Arboretum and Research Forest, located in Clermont, Kentucky, consists of 15,625 acres of mature 
forest, grasslands, glades, caves, and streams. Prescribed fire management is used at Bernheim Forest (top-right 
photo) to accomplish objectives of protecting native plant and animal communities, promoting biodiversity and 
resiliency, and demonstrating best management practices. Of particular concern is the encroachment and 
succession towards fire-intolerant tree species (mesophytes), including red/sugar maple and American beech 
(background of top-left photo), which show to be controlled in fire-managed areas (foreground of same photo). 
According to Bernheim Forest staff, including Rick Caldwell (Natural Areas Habitat Coordinator/Burn Boss), 
Kelly Vowels (Research Coordinator), and Andrew Berry (Forest Manager), a pressing fire-science issue relates to 
developing an approach to reintroducing an intermediate disturbance regime (fire) in a modern-day context, 
particularly given the high levels of non-native plants poised to invade disturbed sites, such as Japanese stiltgrass 
(Microstegium vimineum, inset photo).  

  To help guide management activities, Bernheim Forest promotes collaborative ecological research projects at the area. Federal, state, university, non-profit, 
student, and citizen researchers have been involved in research projects. Currently, fire-science studies are underway and being led by Dr. Heather 
Alexander of Mississippi State University. These studies include the assessment of oak regeneration in the presence and absence of  prescribed fire  
(bottom-left photo), and the mechanisms by which mesophytes alter forest flammability through their bark, canopy, and leaf litter traits  
(bottom-right photo).  

Photo: Dan Dey 

Photo: Heather Alexander Photo: Homero Pena 

Photo: Bernheim Forest 

HOT SPOTS 

fire science on-the-ground 

Ignis      Newsletter of the Oak Woodlands and Forests Fire Consortium  
 Volume 6, Issue 2 

 April, 2017 

https://bernheim.org/
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SPOTLIGHT  
In an effort to introduce you to new people and information from the 
region, we interview fire practitioners and researchers about timely 
topics. In this issue, we asked these questions of  Lisa Huff, Stewardship 
Ecologist with the Division of Natural Areas, Tennessee Department of 
Environment and Conservation. 

What are some of the greatest fire research needs 

for Tennessee?  

LH: How do we diagnostically select vegetation communities for 
application of Rx fire to achieve community restoration and/or 
maintenance, especially when the goal is to move a community that is 
undergoing “mesophication” back to a more fire-adapted community 
type?  More specifically, how do we accurately evaluate when 
communities are “too far gone,” such that repeated application of Rx fire 
will not result in the desired outcome over time?  What are the field 
diagnostics that one would use to determine when to walk away from an area when, having applied those diagnostics, one concludes that the area has 
undergone mesophication or transition to a non-fire adapted community type to the extent that fire is no longer a viable tool for restoration?  Are there 
other techniques, for example mechanical and/or chemical that could be used prior to using Rx fire or in conjunction with it to “reset” a community so 
that it becomes more receptive to Rx fire to move it back to a fire-adapted community type?  What are some good examples, if any, where this has been 
applied?  

What is your biggest concern when deciding to use fire to manage oak woodlands and forests?  

LH:  There are so many concerns.  Chiefly, for my Division, I feel that capacity to burn is an enormous hindrance, that is, lack of personnel and lack of 
budget available to put fire on the ground.  Research is showing that nearly every property we manage probably had fire on it historically, at least on 
some portion of the property.  Many of our properties are remote, and one, in the Blue Ridge physiographic province, essentially has its own local 
weather, so relying on weather forecasts is difficult.  The wind, humidity and precipitation can all be very specific to the site itself, because, well, 
mountains.  So determining when conditions are within prescription is very much an on-site decision.  Then, because we do not have enough 
personnel, and because the site is so far away from practically everyone who is qualified to do an Rx burn, it becomes impractical even to burn off an 
early successional old field.  Other areas, for example on the Cumberland Plateau and in the Ridge and Valley, are just so rugged due to the rocky and 
dissected terrain, that burns are difficult to impossible.  

In your opinion what is the greatest advantage to using prescribed fire when managing oak woodlands and 

forests?  

LH:  Rx fire is the singular management tool available to us which most closely mimics natural disturbance regimes and which can be applied on a 
landscape scale with relative economic efficiency.  It is also the only management disturbance for which we have historical evidence of its widespread 
presence and frequent periodicity on the landscape.  It is publicly defensible and, when done well, effective in achieving desired outcomes.  

    
Lisa Huff earned a bachelor's degree 
in Wildlife and Fisheries from the 
University of Tennessee in 1983, with 
minors in Forestry and Zoology. In 
1987, she received a master's from 
Duke University in Landscape Ecology.  
She has worked as a professional in 
interpretation, wildlife biology, and 
environmental sciences since 1981 in 
various capacities and for a wide variety 
of employers, joining the Division of 

Natural Areas, Tennessee Department of Environment and Conservation, 
in 2001.  She has been interested in the ecology of disturbance since she 
was a small child.  She is a member of the Tennessee Prescribed Fire 
Council and attends as many fire learning opportunities as possible. 
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A Century of Wildland Fire Research:  

Contributions to Long-term Approaches for Wildland Fire Management 

 

 

Kentucky—Tennessee SAF 2017 Summer Meeting, June 8-9, Gatlinburg, TN 

Field Tour: Chimney Tops 2 Wildfire Area 

Panel Discussion:  Fire Crew Leaders on Chimney Tops 2 Wildfire 

Topics: Countywide FIREWISE Plan, Wildfire Effects on Red Oak Log Value,  

Future Climate and Wildfire, Wildfire Behavior Modeling, Local Wildfire History 

For more information, click HERE 

Moving fire forward... 

Panel discussions March 27, 2017, at a workshop hosted by the National Academies of 

Science in Washington, D.C., yielded a set of 24 videos featuring wildland fire research that 

is applicable to land management.   

To view the videos, click HERE 

https://squareup.com/store/kentucky-tennessee-saf
https://vimeo.com/album/4517491/page:1/sort:preset/format:thumbnail
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UPCOMING EVENTS 

See our Upcoming Events  at oakfirescience.com for a full  event schedule  

May 10, 2017:  Effective Prescribed Fire Communications Workshop 
Larkspur, CO, for more information, CLICK HERE 

May 16-18, 2017: Prescribed Burning Workshop 
Hodges Gardens State Park, Florien, LA, for more information, CLICK HERE 

May 16-18, 2017: Southern Blue Ridge Fire Learning  Network Annual Workshop 
Hiawassee, GA, for more information, CLICK HERE 

June 1, 2017: Kansas Oak Woodland Restoration Field Tour 
Marais Des Cygnes and La Cygne State Wildlife Areas, southeastern Kansas, for more information, CLICK HERE 

June 6-8, 2017: Consortium of Appalachian Fire Managers and Scientists Road Trip  
Gatlinburg, TN – Asheville, NC, for more information, CLICK HERE 

June 8-9, 2017:  Kentucky—Tennessee Society of American Foresters 2017 Summer Meeting  
Gatlinburg, TN, for more information, CLICK HERE 

September 29, 2017:  Fire and Forest Management in central Tennessee workshop  
Tullahoma, TN, for more information, CLICK HERE 

October 24-26, 2017: Conference: Sustaining Oak Forests in the 21st Century through  
Science-based Management 
Knoxville, TN, for more information, CLICK HERE 

November 28—December 2, 2017:  FireVision 20/20 – The Association for Fire Ecology  
(AFE) 7th International Fire Congress 
Orlando, FL, for more information, CLICK HERE 

Please contribute your event announcements. Send information to: oakfirescience@gmail.com  

Moving fire forward... 
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Fire and Forest Management in Central Tennessee  
Workshop and Field Tour 

University of Tennessee Highland Rim Forest, Tullahoma, TN  
September 29, 2017   

JOIN US for this free fire science and forest management 
workshop and field tour we are co-hosting with the UT Forest 
Resources Research & Education Center.  Learn about their 
long-term studies on prescribed fire in hardwood forests, about 
the long-term effects of prescribed fire on forest composition 
and structure, and about fire/herbicide treatments for 
establishing mixed oak-pine forest. Event includes indoor 
presentations and a chance to see their practices in the field. 

                 For more information, click HERE 

http://www.oakfirescience.com/events-webinars-source/?category=Upcoming+events
https://www.eventbrite.com/e/effective-prescribed-fire-communications-workshop-tickets-33643370226
http://southernfireexchange.org/Web_Event/Workshop.html
http://www.sbrfln.com/ws12.html
http://www.oakfirescience.com/events-webinars-source/2017/6/1/oak-woodland-restoration-at-marais-des-cygnes-and-la-cygne-state-wildlife-areas
http://www.appalachianfire.org/
https://squareup.com/store/kentucky-tennessee-saf
http://www.oakfirescience.com/events-webinars-source/2017/9/29/fire-and-forestry-field-tour-at-the-ut-highland-rim-forest
http://www.outreach.utk.edu/Conferences/Sustaining%20Oak%20Forests/announcement.html
http://afefirecongress.org/
http://forestry.tennessee.edu/
http://forestry.tennessee.edu/
http://www.oakfirescience.com/events-webinars-source/2017/9/29/fire-and-forestry-field-tour-at-the-ut-highland-rim-forest

