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Prescribed burning is commonly used to restore and maintain woodlands, a natural community type that 
provides unique habitats to a rich variety of plants and animals. Woodlands are often characterized by their open 
structure, ranging from 30 to 80 ft2 per acre of basal area or from 30% to 75% stocking. Mature oaks and/or 
pines make up the canopy, with a notable absence of trees in the midstory, and a ground layer dominated by 
herbaceous vegetation. It is likely that woodlands were historically much more common across the landscape than 
they are today, with the period of fire exclusion and suppression (from the early 1900s) resulting in the transition 
of woodlands to dense forests.  

Woodlands are beautiful ecosystems – the open structure is inviting to walk through, providing distant views 
through the well-spaced trees, with sunlight slanting down among the canopies and an abundance of flowering 
plants for distraction. I always enjoy hiking through them when I get the chance, and I often find my thoughts 
drawn to a particular process: the process of tree regeneration.  

As a silviculturist, I am interested in how tree regeneration fits within the management being practiced. Tree 
regeneration in woodlands is particularly intriguing because the management of open structure creates a bit of a 
paradox: the open horizontal structure and low stand density provide ample growing space for trees to regenerate 
and grow into the midstory, but maintaining an open vertical structure requires removal of the midstory trees. 
We use frequent prescribed fire to remove the midstory trees, thus disrupting the tree regeneration process. 
Benefits from frequent burning in woodlands are well-established, but this raises questions as to our expectations 
for how the process of tree regeneration should work within managed woodland ecosystems.  

...Cont’d on Page 4 

The image on the left shows even-aged oak woodland that has been maintained with prescribed fire since 1949 (University 
Forest Conservation Area, Missouri). Notice the similarity in tree diameters and the lack of any small trees recruiting to the 
canopy. The image on the right shows uneven-aged longleaf pine woodland maintained with frequent surface fire for decades in 
southwestern Georgia (Jones Center at Ichauway); in this picture, notice the patches of small-diameter trees scattered among 
the mature canopy trees, yet the generally open horizontal and vertical structure. (Photos: Benjamin Knapp) 

http://www.oakfirescience.com
http://www.facebook.com/pages/Oak-Woodlands-and-Forests-Fire-Consortium/302945966434157
https://twitter.com/#!/oakfirescience
http://vimeo.com/oakfirescience
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n this study, authors assessed the effects of simulated 
underground caching and burning season on acorn 
survival and seedling emergence for northern red oak 

(NRO, Quercus rubra) and white oak (WO, Q. alba) in west-
central Indiana, USA. Oak regeneration is a common 
challenge in many eastern North American forests, and 
understanding of the relationship between periodic surface 
fires and historical oak prominence in the region has recently 
increased. However, very little is known about how fire 
interacts with individual components of the oak regeneration 
process, including acorn germination and seedling emergence.  

The underground caching of acorns by small mammals is an important factor in oak regeneration dynamics, and can be antagonistic or mutualistic depending 
on environmental factors (Greenler et al. 2019). Though rodents consume a portion of the cached acorn crop each year, unretrieved acorns exhibit higher 
germination rates than those left on the surface, due to protection from environmental factors and other seed predators. Cached acorns may experience less 
fire-caused mortality than those not buried, but this has not been experimentally assessed prior to this study. Because the timing of acorn germination varies by 
species (white oak group in the fall, red oaks in the spring), the interaction between oak species and season of burn may also impact acorn mortality. Beyond 
heat-induced acorn mortality, fire may affect acorn germination and seedling emergence due to changes in microsite conditions, changes which may persist 
from months to years.  

   The study was conducted in two long-
unburned hardwood forests owned and 
managed by Purdue University. For all 
treatments (fall and spring fire, control/ no-
fire), 40 NRO and 40 WO acorns were placed 
inside seed predator-proof exclusion cages in 
the fall preceding fire treatments. Thirty of 
each species were buried in simulated caches, 
and 10 were placed on the soil surface 
beneath the leaf litter. Researchers mimicked 
the caching practices of the grey squirrel, by 
placing acorns in a 2cm deep depression, and 
then backfilling with soil and leaf litter. To 
assess how fire-caused environmental changes 
altered microsite conditions for the different 
caching treatments, moisture measurements 
were taken before and after fires, as well as 
periodically throughout the experiment. 
Temperature sensors were buried in a 
simulated cache and also located with the 
surface-placement acorns. Fall prescribed fires 
were conducted in mid-and-late-November, 
and spring fires occurred in mid-March.  

RESEARCH HIGHLIGHT: 

Prescribed fire promotes acorn survival and seedling 
emergence from simulated caches 

I 

Skye M. Greenler, Robert K. Swihart, Michael R. Saunders. Forest Ecology & Management, v.464:118063, May 2020  

...Cont’d on Page 3 

 

  Acorns buried in simulated caches had higher emergence rates in burned 
areas. 

  Microsite conditions are more favorable to acorn emergence in burned areas. 

  Red oak acorns had higher emergence rates following the fall fires than 
spring fires.  

Management  Implications 
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 October, 2020 

 

Author Skye Greenler replacing one of the seed predator exclusion cages following one of the prescribed burns 

conducted for this research. (Photo: Purdue Ag Comm)   

Moving fire forward... 

 

https://esajournals.onlinelibrary.wiley.com/doi/full/10.1002/eap.1958?casa_token=_8Hup-QrPTkAAAAA%3AOW2jU3N1B3LzzFosVDXRPp6nz_HWzlKDiAUNdGx2R81KBPbvX4j1mFNQTOGJmyS1APinP1CEo6eRtmKdSA
https://www.sciencedirect.com/science/article/abs/pii/S0378112719321516
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Moving fire forward... 

Statistical analyses assessed how burn treatment (fall burn, spring burn, 
no-fire/control), species, and the interaction between burn treatment and 
species influenced spring seedling emergence. Additionally, the effect of 
burn and caching treatments, and their interaction on microsite 
temperatures were compared.   

Contrary to the popular assumption that fire kills most acorns, acorns 
buried in simulated caches within prescribed fire units had much higher 
emergence levels than buried and unburied acorns in unburned 
treatments. Across all treatments (fall, spring, and no-fire), emergence 

ranged from 6.0% and 6.7% for buried acorns, compared to only 0.42% 
and 1.3% of those placed on the soil surface. Therefore, emergence 
probability was only analyzed for the buried acorns for the different fire 
treatments. Both WO and NRO acorns had higher emergence in the 
burned treatments than in controls. NRO acorns had emergence rates 
about 12 times higher following fall burns and almost 8 times higher 
following spring burns compared to the no-fire treatments. WO acorns 
were about 4 times more likely to emerge following fall burns, and almost 
3.5 times more likely following spring burns.  

   The higher rate of emergence for acorns 
buried within burn units is likely driven by 
increased protection from fire, as well as 
fire-induced environmental microsite 
changes. Though the cause of acorn 
mortality was not quantified, researchers 
observed that many of the acorns appeared 
to have rotted below the leaf litter layer in 
the unburned control treatments, a barrier 
to acorn germination well-known by 
regional managers. Deep litter and duff 
layers in long unburned forests are known 
to inhibit radicle growth into the soil; a 
previous study showed that NRO 
emergence rates were the highest when 
buried, but not covered by litter (Garcia et 
al. 2002).  

   Emergence of NRO was lower following 
spring burns than fall burns, but it is 
unclear if this was due to higher mortality 
during the spring burn, more favorable 
winter and spring conditions following the 
fall burn, or by a combination of both. 
Emergence of WO acorns, which do not 
require cold-temperature stratification, was 
not affected by burn season. Cold-degree-
hour accumulations were higher for acorns 
in the fall burn treatment, which may 
provide benefits to NRO in areas of their 
range that do not usually meet their cold-
stratification requirements.  

Download a printable version of this 

research brief  HERE 

Research brief, continued 

Average (±SE) proportion of northern red oak (NRO) and white oak (WO) acorns emerged from artificial 
granivore caches by late May 2017 and 2018 in sites treated with fall prescribed fire, spring prescribed 
fire, and unburned controls in west-central Indiana, USA. 

Figure reprinted by permission of 

Forest Ecology & Management  
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FOR FURTHER READING  

D. García, M.J. Bañuelos, G. Houle. Differential effects of acorn burial and litter cover on 

Quercus rubra recruitment at the limit of its range in Eastern North America. Can. J. Bot., 80 

(2002), pp. 1115-1120. 

S.M. Greenler, L.A. Estrada, K.F. Kellner, M.R. Saunders, R.K. Swihart. Prescribed fire and partial 
overstory removal alter an acorn-rodent conditional mutualism. Ecol. Appl., 29 (2019) 

 

http://www.unioviedo.es/danielgarcia/pdfs/CanJBot2002.pdf
http://www.unioviedo.es/danielgarcia/pdfs/CanJBot2002.pdf
http://www.oakfirescience.com/research-publications-1/2015/6/4/research-briefs
https://www.sciencedirect.com/science/article/abs/pii/S0378112719321516
http://www.unioviedo.es/danielgarcia/pdfs/CanJBot2002.pdf
http://www.unioviedo.es/danielgarcia/pdfs/CanJBot2002.pdf
http://www.unioviedo.es/danielgarcia/pdfs/CanJBot2002.pdf
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.1002/eap.1958
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.1002/eap.1958
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Moving fire forward... 

From pg 1: continued and allow longleaf pine to dominate. Patches of dense longleaf pine 
regeneration result in adequate numbers of recruiting trees scattered 
throughout otherwise open stands.  

In oak woodlands, fire return intervals of 3-5 years are effective at 
creating and maintaining open woodlands. The fire adaptations of upland 
hardwoods allow for long-term persistence due to vigorous resprouting but 
do not allow for widespread recruitment. Although it is commonly believed 
that local variation in fire behavior allows a few individual trees to recruit 
through frequent fire, evidence suggests that there may be fewer ‘lucky’ 
trees than we would like to think. Consequently, frequent, repeated 
burning pushes oak woodlands toward even-aged structure. Managing even-
aged regeneration in oak woodlands would require a deliberate interrup-
tion in fire frequency, with a period of dense regeneration and recruitment 
in the midstory. This approach could be used while maintaining a low 
density of canopy trees to create two age classes. Regardless, it would 
require a fire-free period during which the open woodland character would 
be temporarily lost.    

Many current woodland management efforts focus on restoration and 
maintenance of desired structure and composition. Although tree regenera-
tion may not be an immediate need in such cases, explicit consideration of 
the tree regeneration process in woodland ecosystems is necessary for long-
term woodland management. When I am fortunate enough to find myself 
hiking through the beautiful oak woodlands of our region, I wonder how 
the regeneration process is playing out around me. Perhaps most impor-
tantly, are we planning for it?     

Silvicultural systems are fundamentally based on the age structure of the 
ecosystem. Even-aged systems partition stand development phases, such as 
tree regeneration, into distinct time periods, which are then scheduled into 
management activities. In uneven-aged systems, different stand develop-
ment phases occur at the same time within the stand, with effort to 
maintain a balance in the rates at which tree regeneration, growth, and 
mortality occur so as to perpetuate the ecosystem structure and composi-
tion through time. These concepts are well-developed for forest ecosystems. 
But what is the expected age structure for woodland ecosystems? 

If we expect woodlands to be uneven-aged, trees must regenerate and 
recruit to the canopy frequently enough to replace canopy tree mortality. 
Canopy recruitment takes time, starting several decades before the trees 
eventually join the canopy ranks. In uneven-aged silviculture, the reverse-J 
diameter distribution is often the target for maintaining uneven-aged 
structure. This results in more trees in the small size classes than in large 
size classes, ensuring that enough trees survive to the canopy. However, this 
typically creates a dense midstory that is not compatible with the desired 
woodland structure.  

Longleaf pine ecosystems of the southeastern US, however, provide an 
excellent example of uneven-aged woodland structure. The fire adaptations 
of longleaf pine seedlings and saplings allow tree regeneration and 
recruitment to occur in the face of uninterrupted, frequent fire. Fire return 
intervals of 2-3 years remove competing trees from the regeneration pool 

 

NOVEMBER 19, 2020 -  12 – 1:30 PM EST 
Pairing Historical Fire Regimes with Silviculture 
 

DECEMBER 17, 2020 -  12 – 1:30 PM EST 

Using Fire Seasonality to Open the Burn Window 

FUELING COLLABORATION 
PANEL DISCUSSION SERIES 

JANUARY 21, 2021 -  12 – 1:30 PM EST 
Fire and Climate Change 
 

FEBRUARY 18, 2021 -  12 – 1:30 PM EST 

Timber Management and Prescribed Fire 

Registration now open.  SAF and TWS credits available. 

Get answers to your burning questions at this online interactive panel discussion series hosted by the 

USFS Northern Research Station and the JFSP Fire Science Exchange Network.  

https://apfire.wixsite.com/fuelingcollaboration
https://apfire.wixsite.com/fuelingcollaboration
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Moving fire forward... 

 

 Dr. Michael Stambaugh, University of Missouri 

Revealing historical fire regimes of the Cumberland Plateau through remnant 

fire-scarred shortleaf pine (Pinus echinata Mill.)  

December 1, 2020, 1 p.m. CT. Register HERE  

Dr. Andrew Vander Yacht, Michigan State University 

Litter to glitter: releasing the herbaceous groundlayer potential stored in oak 

forest floors 

December 8, 2020, 1 p.m. CT. Register HERE 

Katie Harris, North Carolina Forest Service 

Direct and indirect effects of fire on eastern box turtles 

January 5, 2021, 1 p.m. CT. Register HERE 

Dr. John Kabrick, USFS Northern Research Station 

The effect of prescribed fire on above- and below-ground soil properties in the 
Ozark Highlands 

December 15, 2020, 1 p.m. CT. Register HERE 

2020 Fall Fire Science Webinar Series      

Gina Beebe, University of Missouri 

Smoke, goats and oaks: The effects of  targeted goat browsing and prescribed fire 
on fuel loading in Ozark hardwood ecosystems 

January 12, 2021, 1 p.m. CT. Register HERE 

New: Registration required for all webinars 

HEADS UP! 

Webinars qualify for credits from 

The Wildlife Society 

Society of American Foresters  

https://oakfirescience.com/events/2020-fall-webinar-series/?
https://oakfirescience.com/events/webinar-shortleaf-pine-fire-history-on-the-cumberland-plateau/
https://oakfirescience.com/events/webinar-shortleaf-pine-fire-history-on-the-cumberland-plateau/
https://umsystem.zoom.us/meeting/register/tJcsceGuqjojGNdR3eCmWhwDHkj63BwtLGAw
https://oakfirescience.com/events/webinar-litter-to-glitter-releasing-the-herbaceous-groundlayer-potential-stored-in-oak-forest-floors/
https://oakfirescience.com/events/webinar-litter-to-glitter-releasing-the-herbaceous-groundlayer-potential-stored-in-oak-forest-floors/
https://umsystem.zoom.us/meeting/register/tJ0qduCuqzIjHdBJcK-N1fR8CNx6QBhAS_I5
https://oakfirescience.com/events/webinar-direct-and-indirect-effects-of-fire-on-eastern-box-turtles/
https://umsystem.zoom.us/meeting/register/tJIrcO2pqz4pHtSugy_VoYVF7OzgijekpUmc
https://oakfirescience.com/events/webinar-the-effect-of-prescribed-fire-on-above-and-below-ground-soil-properties-in-the-ozark-highlands/
https://oakfirescience.com/events/webinar-the-effect-of-prescribed-fire-on-above-and-below-ground-soil-properties-in-the-ozark-highlands/
https://umsystem.zoom.us/meeting/register/tJUudOytqjIrHNUGfPmBKeoESHb9gmhwpUVi
https://oakfirescience.com/events/2020-fall-webinar-series/
https://oakfirescience.com/events/webinar-smoke-goats-and-oaks-the-effects-of-targeted-goat-browsing-and-prescribed-fire-on-fuel-loading-in-ozark-hardwood-ecosystems/
https://oakfirescience.com/events/webinar-smoke-goats-and-oaks-the-effects-of-targeted-goat-browsing-and-prescribed-fire-on-fuel-loading-in-ozark-hardwood-ecosystems/
https://umsystem.zoom.us/meeting/register/tJwsc-yuqT8sHNE0-g7FcUkgBDiHzQEDQSJ5
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Moving fire forward... 

 

FIRE SCIENCE 

HOT SPOTS 

In this feature, we bring into 

focus fire science on-the-ground  

Hitz-Rhodehamel Woods   
At 512 acres, Hitz-Rhodehamel Woods Nature Preserve is a significant 

component of the Brown County Hills forest block in southern Indiana, 
known for its highly dissected topography and heavily forested landscape. 
Much of the Preserve was gifted to The Nature Conservancy in the 1980s by 
Harley Rhodehamel and his wife Evaline (née Hitz). The Preserve includes dry 
oak forests (dominated by chestnut oak) on the ridgetops and south-facing aspects, with moist beech-maple forest 
communities found mostly on the north-facing slopes, and white oaks prominent in the ravines. Like many oak 
forests of eastern North America, fire has been excluded for much of the past century, resulting in chronic 
management problems such as densification of the forest midstory by shade-tolerant mesophytic tree species (e.g., 
American beech and sugar maple, top-left image), and oak regeneration failure. Found here are avian species of 
conservation concern that depend on large, intact forest areas such as yellow-billed cuckoo, whip-poor-will, wood 
thrush, and also worm-eating, Kentucky, and Cerulean warblers.  

for future climate change. Native plants such as yellow lady’s slipper and 
lady-tresses orchids (bottom-left and inset), as well as lowbush blueberry, 
huckleberry, and the rare whorled pogonia are found in managed areas 
(bottom-right). Click on each photo for a full-size downloadable image, or 
view all HERE. Photo credits – top-left, inset top-right, and bottom-right: 
Chad Bladow; top-right: Stuart Orr; bottom-left and inset: Jesse Moore.   
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The Nature Conservancy uses prescribed fire (top-right) and mechanical 
thinning (inset top-right) at Hitz-Rhodehamel Woods to reduce the forest 
midstory, which promotes diverse, fire-adapted plant communities and 
prepares the next generation of oak seedlings to recruit into the forest 
overstory. These and other management practices also help to remove and 
prevent invasive plant species (e.g., Japanese stiltgrass, autumn olive, 
multiflora rose, and bush honeysuckle) and increase ecological resilience 

https://www.flickr.com/photos/oakfirescience/
https://www.flickr.com/photos/oakfirescience/50610756957/
https://www.flickr.com/photos/oakfirescience/50610638366/
https://www.flickr.com/photos/oakfirescience/50609894033/
https://www.flickr.com/photos/oakfirescience/50610756892/
https://www.flickr.com/photos/oakfirescience/50610638891/
https://www.flickr.com/photos/oakfirescience/50610756632/
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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  Jarred 
Brooke, Extension Wildlife Specialist at Purdue University. 

What are some of the greatest fire research needs for the oak 

woodlands and forests of Indiana?  

JB: To me, some of the greatest fire research needs deal with how to implement prescribed fire on 
private lands. Indiana is a private land state, as are many others. More than 97% of our land base 
and 85% of our forested land are owned by private landowners. The science around the 
ecological benefits of prescribed fire in the woods continues to grow, but how do we translate that 
science into practice on private land? What are the barriers to woodland owners utilizing 
prescribed fire? And how do we help remove those barriers?  

What is your biggest concern regarding the use of fire to manage 

woodlands and forests?  

JB: One of my biggest concerns with prescribed fire, especially in 2020, is that many people may 
conflate the devastating wildfires in the west with prescribed fires that occur in the Central 
Hardwoods. But fortunately, I think many people are recognizing the natural role that fire plays 
in our forests. We need to continue to spread the word about Good Fires to help ensure our 
continued use of prescribed fires to manage our forests.  

In your opinion what is the greatest advantage to using prescribed fire 

when managing woodlands and forests? 

JB: One of the biggest advantages of using fire to manage woodlands and forests is being able to capitalize on the evolutionary processes that has created 
and refined adaptations to fire and shaped our forests for millennia. This gives fire a big advantage in its ability to achieve a variety of different 
management objectives. From creating and enhancing wildlife habitat, to increasing herbaceous plant diversity and oak regeneration, and in some cases 
managing invasive species, fire can help us with many of these management goals.  

    Jarred Brooke is an 
Extension Wildlife 
Specialist in the Forestry 
and Natural Resources 
Department at Purdue 
University and is Chair 
of the Indiana Prescribed 
Fire Council. He 
conducts several 
outreach and extension 

programs each year related to prescribed fire, 
including Learn-N-Burn events for landowners, 
and grassland and CRP management workshops 
for NRCS, Soil and Water Conservation 
Districts, and other natural resource 
professionals. Jarred has been involved in several 
prescribed fire research projects related to the 
seasonality of fire and the impacts of fire on 
wildlife. He is also the instructor for the 
undergraduate prescribed fire class at Purdue. 
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Click here to view recordings  

 30-minute virtual field tour 
Harold E. Alexander Spring River Wildlife Management Area 

 5 recorded presentations 
 Mike Stambaugh, University of Missouri 

 Theo Witsell, Arkansas Natural Heritage Commission 

 Gabe De Jong, The Nature Conservancy Arkansas 

 Dwayne Elmore, Oklahoma State University 

 Randy Brents, Arkansas Game and Fish Commission 

 Panel discussion 

Now you can watch our recent virtual workshop online: 

Glades, Quail, and Prescribed Fire in Arkansas 

https://oakfirescience.com/virtual-workshops/
https://oakfirescience.com/virtual-workshop-1-glades-quail-and-prescribed-fire-in-arkansas/
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UPCOMING EVENTS 

November 20, 2020: Webinar: Where there’s smoke there’s fire 
Adam Cummings, Mourad Gabriel, Frank Lake, USDA Forest Service. For more information, CLICK HERE 
December 1, 2020: Webinar: Shortleaf pine fire history of the Cumberland Plateau  
Dr. Michael Stambaugh, University of Missouri.  For more information, CLICK HERE 

December 3, 2020:  Webinar: Post-Fire Water Quality Impacts and Mitigation   
Christina Burri, Monica Emelko and Chuck Rhoades. For more information, CLICK HERE 

December 8, 2020:  Webinar: Litter to glitter: releasing the herbaceous groundlayer potential 
stored in oak forest floors 
Dr. Andrew Vander Yacht, Michigan State University. For more information, CLICK HERE 

December 15, 2020: Webinar: The effect of prescribed fire on above– and below-ground soil 
properties in the Ozark Highlands 
Dr. John Kabrick, USFS Northern Research Station. For more information, CLICK HERE 

December 17, 2020:  Using Fire Seasonality to Open the Burn Window / online panel discussion  
For more information, CLICK HERE 
January 5, 2021: Webinar: Direct and indirect effects of fire on eastern box turtles 
Katie Harris, North Carolina Forest Service. For more information, CLICK HERE 

January 12, 2021: Webinar: Smoke, goats and oaks: The effects of  targeted goat browsing and 
prescribed fire on fuel loading in Ozark Hardwood Ecosystems 
Gina Beebe, University of Missouri. For more information, CLICK HERE 

January 21, 2021: Fire and Climate Change / online panel discussion 
For more information, CLICK HERE 
February 18, 2021: Timber Management and Prescribed Fire / online panel discussion 
For more information, CLICK HERE 

May 24-27, 2021: 16th International Wildland Fire Safety Summit & 6th Human Dimensions of 
Wildland Fire Conference, online 
For more information, CLICK HERE 

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

Moving fire forward... 
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Eastern Region USDA Forest Service is seeking applicants for 

Cohesive Fire Strategy Grants 
Funding initiatives on non-federal lands, for …  

… Wildfire Risk Reduction 

… Wildfire Response 

… Cross-boundary Hazardous Fuels Reductions 

Final deadline is January 15, 2021 FOR MORE INFO, CLICK HERE 

https://www.fs.fed.us/research/firexfauna-webinars/
https://oakfirescience.com/events/2020-fall-webinar-series/
https://aftertheflames.com/post-fire-water-quality/
https://oakfirescience.com/events/2020-fall-webinar-series/
https://oakfirescience.com/events/2020-fall-webinar-series/
https://apfire.wixsite.com/fuelingcollaboration
https://oakfirescience.com/events/webinar-direct-and-indirect-effects-of-fire-on-eastern-box-turtles/
https://oakfirescience.com/events/webinar-smoke-goats-and-oaks-the-effects-of-targeted-goat-browsing-and-prescribed-fire-on-fuel-loading-in-ozark-hardwood-ecosystems/
https://apfire.wixsite.com/fuelingcollaboration
https://apfire.wixsite.com/fuelingcollaboration
https://firesafety-humandimensions2021.com/
http://www.fs.usda.gov/naspf/working-with-us/grants/cohesive-fire-strategy-request-proposals

