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Terms

• Climate Mitigation in forests– enhancing carbon storage/sequestration in forest ecosystems to alleviate potential 
adverse effects of climate change

From D’Amato et al. 2011 
and GC3 working definitions

• Climate Adaptation in forests – maintaining high levels of compositional, functional, and/or structural complexity 
to enhance the ability of an ecosystem to respond or adapt to new or changing conditions associated 
with a changing climate 

Resilience – ability of a system to recover quickly from a disturbance and return to a previous state

Resistance - the capacity of a system to absorb disturbance or stress and remain relatively unchanged

Carbon Sequestration – the rate at which carbon is taken up by plants from the 
atmosphere

Carbon storage – the accumulated carbon stored in the forest as a result of sequestration 



Unmanaged forests store more carbon than do managed forests

Nunery, J. S., & Keeton, W. S. (2010). Forest carbon storage in the northeastern United States: net effects of harvesting 
frequency, post-harvest retention, and wood products. Forest Ecology and Management, 259(8), 1363-1375.

“All harvesting reduces carbon storage
of a forest below the maximum
potential for the site.” 
(D’Amato and Catanzaro 2019)

Mitigation

‘No management’ forests stored 39-118% more carbon than 
managed forests
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Connecticut’s forests have the potential to almost double aboveground 
carbon storage

¹Data from USDA FIA
²Data from Keeton, W. S., Whitman, A. A., McGee, G. C., & Goodale, C. L. (2011). Late-successional biomass development in northern hardwood-conifer forests
of the northeastern United States. Forest Science, 57(6), 489-505. (Maine, New Hampshire, Adirondacks, NY); and 

McGarvey, J. C., Thompson, J. R., Epstein, H. E., & Shugart Jr, H. H. (2015). Carbon storage in old‐growth forests of the Mid‐Atlantic: toward better understanding the eastern forest
carbon sink. Ecology, 96(2), 311-317 (Pennsylvania, New Jersey, Maryland, Virginia, and West Virginia)
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“Stand age was the strongest predictor of 
[carbon] biomass”  (Keeton et al. 2011)



Creating younger forests from older forests does not help climate 
mitigation

Adapted from Keeton, W. S., Whitman, A. A., McGee, G. C., & Goodale, C. L. (2011). 
Late-successional biomass development in northern hardwood-conifer forests of the northeastern 
United States. Forest Science, 57(6), 489-505.
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“The mitigation value of forests lies not in their present 
net uptake of CO2, but in the longevity of their
accumulated carbon stocks” (Mackey et al. 2013.
Nature Climate Change)

https://www.slideshare.net/ERWilson1/teaching-forest-stand-dynamics

Harvest
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I often hear that though an older forest may store more carbon than younger forest, younger forests sequester more carbon, and so it’s important to manage for sequestration in younger forests. 
Here’s the problem with that idea: 
Let’s say you cut down a 100 year old forest -- which I’ll mark with an x on this carbon biomass curve from Keeton et al. 2011 -- and then 50 years later you look at the carbon sequestration rate. The curve is quite steep at 50 years – showing a relatively high carbon sequestration rate.  
And if we compare the 50 year old forest to the forest that would have been there had it not been cut – you have a 150 year old forest that is sequestering carbon more slowly (a flatter curve).
But when we look at the total carbon stored in the two forests – the faster growing 50-year old forest still stores only about 40% of the carbon as the 150 year old forest, so the young forest site remains in a large carbon debt.



https://www.slideshare.net/ERWilson1/teaching-forest-stand-dynamics


Unmanaged lands at early successional stages: leveraging the power of 
afforestation

• Afforestation sequesters about 2 metric tons of carbon per acre/year – that’s about ~10-20 times the 
annual carbon sequestration rate in grasslands¹

¹Bachelet et al. 2018. https://carbon2018.globalchange.gov/chapter/10/; Potter et al. 2007. Satellite-derived estimates of potential carbon sequestration through afforestation of 
agricultural lands in the United States

Mitigation

Presenter
Presentation Notes
Unmanaged forests don’t just have to refer to older forests but can apply to areas that aren’t even currently forests.  Afforestation, of course, is what brought the region’s forests back in the 20th century after widespread deforestation and agricultural abandonment in the 18th and 19th centuries
It is one of the most powerful things we can do to sequester and store more carbon in CT’s landscape- by simply stopping the mowing of non-forested areas that don’t really need to be mowed  – say an unused meadow, vacant lot, lawn, or abandoned agricultural field --  and allowing these areas to grow back into forest.
And you can see the difference in annual carbon sequestration between afforestation and an existing grassland

Afforestation is also a win-win for both carbon and biodiversity because it can provide uncommon shrub habitat for a host of young forest species for about 15 years while simultaneously sequestering more carbon. It’s a much better option than cutting down forests for habitat, which results in a big loss in carbon.


https://carbon2018.globalchange.gov/chapter/10/


Forest structural complexity is greater in unmanaged forests than in 
managed forests

“[we] found [forests in national] parks to have consistently greater structural complexity than 
surrounding forests…and [thus] potentially be more resilient to climate change”  Miller et al. 
(2018)

“Based on the findings of previous work conducted at the stand-level, we expect more complex forest 
structure across the landscape will develop over time to a greater degree in unmanaged than managed 
[forests]” Young et al. 2017

Adaptation
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Unmanaged forests have greater tree species diversity than do managed 
forests
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“higher species richness was observed in 77% of parks 
compared to matrix forests” Miller et al. 2018

Presenter
Presentation Notes





A greater density and diversity of forest birds often occurs in 
unmanaged than in managed forests

• Total density of birds

• Total number of bird species 

• Abundance of individual species

Wildland
forest

Managed
forest

Adaptation
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Data from: Lain, E. J., Haney, A., Burris, J. M., & Burton, J. (2008). Response of vegetation and birds 
to severe wind disturbance and salvage logging in a southern boreal forest. Forest Ecology and Management, 256(5), 863-871.

“the richness of early-successional forest species did not
vary between wilderness and managed forest…likely because of the
presence of natural openings [in the wilderness sites]…that provided appropriate
open, shrubby habitat (Zlonis and Niemi 2014)
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Less management results in fewer invasive plant species

Data from Riitters et al. 2018

Adaptation

“[In Pennsylvania] the most significant Ailanthus invasions closely followed 
large scale clearcuts in the aftermath of oak roller defoliation as well as 
subsequent salvage logging following statewide gypsy moth defoliations…” 
(Kasson et al. 2013)

“[In Massachusetts] more intensive harvests were more likely to have 
Berberis thunbergii and Rosa multiflora” McDonald et al. 2008



Unmanaged forests are generally far more resilient than we realize: tree 
regeneration and deer

2003 2018
Uttertown Forest,
New Jersey

Adaptation

“As trees mature and die, or topple 
over during storms, gaps in the canopy 
become larger and more numerous. 
There are no young trees to fill the 
gaps.”
Rawinski, TJ 2008. Impacts of White-
Tailed Deer Overabundance in Forest 
Ecosystems: An Overview

(photos by Neil Pederson)
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The concern in this quote is one that I hear often with respect to deer browsing and forests – that our forests don’t have the resilience to replace themselves because deer have eaten all of the seedlings in the understory and the forests will begin to disintegrate because of regeneration failure if we don’t manage them and the deer.
These are pictures from 2003 at a study location in northern New Jersey (Neil Pederson from Harvard Forest) where deer densities are by all measures quite high and you can see that indeed the understory is pretty cleaned out by decades of browsing under an intact canopy.
But look what happens over time by 2018 when the oak and hemlock overstory starts to die because of hemlock woolly adlegid and other natural factor -- the site is transformed with dense regeneration because of light reaching the forest floor through the canopy gaps, whch in turn stimulates tree regeneration and overwhelms the ability of the deer to control it.  




Forest stressors result in a host of benefits: dense regeneration, diversity of 
structures, abundant dead wood, and habitat for shrubland species

https://today.uconn.edu/2019/06/uconn-collaborates-gypsy-moth-cleanup/
T. Worthley photo

“…our results suggest that allowing the
insect [HWA] to progress naturally may have
lower impacts on long-term net Carbon flux than
conducting presalvage harvests over the next 
50 years” (Krebs et al. 2017)

Adaptation

“tree regeneration layer diversity…was higher in the tornado-damaged 
sites than salvaged sites, but levels of sapling density and richness were 
the same” (Santoro and D’Amato 2019) 

Photo by Santoro and Laflower 2018
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And it turns out that unmanaged forests are resilient to all sorts of “stressors” Here are some pictures of hemlock woolly adelgid and gypsy moth-killed forests, as well as a tornado damaged forest from southern Massachusetts. As you can see the tree regeneration is just prolific after these disturbances, demonstrating the remarkable resilience of these sites.

Such disturbances are generally portrayed in the adaptation literature as forest stressors and health problems that we should try to avoid or mitigate, but at the same they undeniably provide an abundance of natural benefits including diversity of structure, standing and downed dead wood, and habitat for disturbance-adapted species – all attributes that we seek in a forest when we employ management activities.
In fact these naturally disturbed sites are often more resilient in terms of carbon storage and regeneration diversity than areas that are salvage logged, as exemplified by these two recent studies on hemlock woolly adelgid and tornado blowdowns.




https://today.uconn.edu/2019/06/uconn-collaborates-gypsy-moth-cleanup/


Forest stressors also benefit rare species

New England Cottontail
IUCN red list “vulnerable”

“…the New England cottontail is not limited to…young forests as other authors have suggested, 
but also occupies sites in maturing forests with overstory canopy cover of up to 80%” 

“more New England cottontail [were detected]in the 61%-80% tree canopy class than any other 
canopy class” Buffum et al. 2015

Adaptation
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I mentioned in the last slide that forest stressors can provide disturbance habitat and a good example of that occurs at Highstead in Redding, CT. Here we have a maple-ash forest that has endured decades of the ash decline and more recently the emerald ash borer. 
As a result this forest has developed large canopy gaps and a dense shrub layer. CT DEEP monitors this site for New England Cottontail, and this site is one of just a handful in Connecticut that is used exclusively by the rare New England cottontail and not by both the NEC and the more common eastern cottontail. 
Interestingly we don’t do any habitat management at this site, so the NEC clearly uses disturbed, unmanaged forest that has mature tree cover.  This is exactly what a recent paper on NECs found:
In fact NECs were found most often in mature forest with moderate canopy covers of 60-80%.



Insect outbreaks often do not increase fire risk and may reduce it 

“Interestingly, many…studies have found that insect outbreaks reduce the risk of fire (e.g., 
Flower et al. 2014, Meigs et al. 2016) or do not affect it at all (e.g.,Hart et al. 2015). Similarly, 
a…study in the eastern spruce budworm system also found no evidence for an effect of 
defoliation on area burned (James et al. 2011).”   (James et al. 2017. Ecological Applications)

“to date most available evidence indicates that bark beetle outbreaks do not substantially 
increase the risk of active crown fire in…forests under most conditions” (Black et al. 2013. 
Natural Areas Journal)

Adaptation
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What about fire risk following large insect outbreaks and the dead stand of trees that results? Much of the research on this topic is from the west, because fires are so much more common there and relatively rare here in the east. 
This is not a comprehensive assessment of the literature, but you can tell from these quotes that there is considerable evidence in support of the idea that insect-killed forests do not increase fire risk and may actually reduce it. 
So I think it is very important to incorporate recent science like this into our adaptation thinking on insect outbreaks and fire threats. 
�



Less management often reduces the risk of fire severity

“Areas that were salvage-logged and planted after the initial fire burned more 
severely than comparable unmanaged areas”  Thompson et al. 2006 PNAS

Burn severity 
index

Increasing forest mgmt. 

Adapted from
Bradley et al. 2016
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What about fire risk in unmanaged reserves and wildlands?  Again the research comes predominantly from the west on this topic. Bradley et al. looked at 1500 fires over the past 30 years covering over 20 million acres and compared the burn severity index by land protection status from wilderness areas/national parks (Gap 1s) to increasing levels of forest mgmt. (Gap 2-4).
 And burn severity was significantly lower in the unmanaged wilderness areas and national parks (Gap 1)
 
Thompson et al compared burn severities in areas that were previously burned, salvage logged and replanted to burned areas that received no management at all and found burn severities lower in the no management areas.
 
These results suggest that unmanaged areas are generally more resistant to severe fires than are often acknowledged in adaptation planning. 




Preemptive management for resilience: uncertain success and the ‘cure’ 
may be worse than the stressor

“Evidence of successful use of silviculture to minimize damage from invasive species remains 
limited…Despite decades of research and extensive implementation, there remains uncertainty 
about how successful these established approaches are for limiting damage” (Muzika 2017)

“…little evidence exists to suggest that it is possible to manage for increased resistance 
or resilience to the array of disturbances and stresses that temperate forests may experience. 
Many studies suggest that forests are…more vulnerable to exogenous impacts 
following management” (Foster and Orwig 2006)

Adaptation



Connecticut is ranked last in the northeastern US in ‘reserved’ forests –
public lands protected from management
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Data from USDA Forest Inventory and Analysis Program. 2019

Reserved forest - permanently prohibited from being managed for the production of wood products through statute or
agency mandate; prohibition cannot be changed through decision of the land manager. [However] logging may occur to meet
protected area objectives” (O’Connell et al. 2015). 



Summary and Recommendations

1. Set aside a lot more forest land as unmanaged reserves to store the most carbon (mitigation) and to create the 
most complex and diverse forests (adaptation)

-- Prohibit management after natural disturbance (windstorms, insect/pathogen outbreaks, fire etc.) in forest reserves
Natural disturbances will:

-- provide habitat diversity in the forest
-- better resist invasive plant species than managed areas
-- store abundant carbon in deadwood, 
-- have far less ecosystem impacts than pre or post salvage harvesting

-- have little effect on the forest’s ability to recover 

2. Increase afforestation on abandoned agricultural land, vacant lots, and
other unused fields 

3. Continue to manage some of Connecticut’s forests for local wood products. 

-- e.g., 50% of state, county, and municipal lands protected as reserves = 14-15% of CT’s total forest area.
(Connecticut should be a leader in forest reserve protection, not bringing up the rear)
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