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The Global
Carbon Cycle
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Carbon released to the 58 - gy ———"
atmosphere has an affinity to form — FREE Rl o0 e oo S8 mmmm
carbon dioxide (CO,) which is a (4 s

powerful greenhouse gas,

trapping the Earth's energy
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Source: Oak Ridge National Laboratory, Carbon Dioxide Information Analysis Center, Scripps Institute of

Oceanography CO2 program, and the U.S. Energy Information Administration, International Energy Statistics,
accessed December 7, 2020

Atmospheric CO, concentrations are directly tied to global

temperatures
Carbon Dioxide (parts per million)
300~ b\ rz‘
250- B, A ) Fﬂv\w\ H"\t LM W, ;
o l|'1 | \,pl .
200 'j Mﬁ'\ﬂlmlrﬂﬂﬁv'w'll ! J(\’NM L"u"v""'! "‘\.,l'ﬁ“ \I ll W\\J ¥ ‘V)IL" \,“I -
800,000 600,000 400,000 200,000 '

Antarctic Temperature { C)

Prp mnﬂmadmw ™ qu

-1 U H '
T T T T
800,000 500,000 400,000 200,000 0
Date (Years Before Present)

Source: https://www.feedbackreigns.net/evidence/temperature-co2/




° Trees can help mitigate climate change by
sequestering CO, from the atmosphere and
storing the carbon in wood

CO, gets emitted back to the

Trees take in
atmosphere from respiration,

atmosphere an

the carbon in wood decomposition, and combustion

HALF

of the dry "’ Carbon takenin by trees gets
weight of "oy Cycled around the forestand
wood is used by other organisms or
carbon that convertedto different forms
was removed -
= from the

| atmosphere
- by the

':I growing tree
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Quick Carbon Terminology Primer

Carbon sequestration +
Carbon storage Carbon sequestration Carbonemissions carbon emissions = carbon
total the amount of carbonin the process of taking CO, the opposite of sequestration flux
an entity (tree, acre of forest, from the atmosphere and (CO, release back to the change in carbon storage
cord of wood) storing it atmosphere) * Negative values = sequestration
* Positive values = emissions

G (I Emits 475 Mt COefyear

Average car

. : - 1111111
For easier comparisons, we convert carbon 27ft ﬂ* 99 Py gy Emits 156 Mt COe/year
and other greenhouse gases to the same Average Vermonter
units = carbon dioxide equivalent (CO,e) il ereion @ I Sequesters 13 Mt COe/year
OfCOz

Average Acre of Forest

- @@ Contains 34 Mt COe

Cord of Firewood
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VT's 4.5 M
acres of forest
are a net
carbon sink

Total carbon storage
(MMt CO2e)

But the rate of sequestration is declining
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Forest carbon stock

9167 MMt CO,e

Pre-industrial

Forest carbon stock
9100 MMt CO,e
(-67)
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9060 MMt CO.e
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1850 2017
Still have not fully recovered

to pre-Industrial levels
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Mitigation potential of forests depends

between uptake and release

on the balance

Carbon S—
seqguestration

(photosynthesis,
storage in forest
pools)

Carbon emissions

(respiration,
decomposition,
combustion)
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CLIMATE FACTORS
 Temperature and precipitation
 Length of growing season
SITE FACTORS
e Nutrient, light, water
* Soil
* Disturbances, insects/disease
* Tree density, size
TREE FACTORS
* Species, age
* Stress



Carbon sink
Not all forest  sequestration > emissions

stands are

carbon sinks ~ Carbonsource
Sequestration < EMISSIONS
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Forest carbon dynamics depend on the spatial and temporal scale
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Carbonin a tree vs. forest

Carbon in a sugar maple tree at different 238 Carbon storage by stand age
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Carbon storage and carbon sequestration peak at different life stages

Take home message: stand age diversity across the landscape is key

Carbon storage by stand age Annual carbon flux by stand age
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Data source: Smith et al. 2006 - carbon stocks and fluxes following afforestation for maple-beech-birch forest
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Carbon storage and carbon sequestration peak at different life stages

Take home message: stand age diversity across the landscape is key

Carbon storage by stand age Annual carbon flux by stand age
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While older forests on average store more carbon, there are many

trajectories that a forest can follow

Carbon Data from Old
- Forestsin New England
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How does forest management affect

Harvests reduce forest carbon stocks of the stand because there is a removal of some amount of carbon (wood)

Soils are typically not impacted much except by equipment

an cycle carbon to other pools, may result in positive fluxes due to high amounts of deadwood and decay
Can result in more rapid carbon sequestration as new trees grow up

High variability depending on site, silvicultural systems, equipment, retention, time of year

When considering impacts of management, we must consider LEAKAGE




Harvested wood
oroducts store
carbon for as long as
they are in use

Carbon storage for as long as product is in use, and
when itis no longer in use and is in a landfill slowly
decomposing.

Can provide additional CO, reduction benefits by
acting as a substitute for high GHG products (steel,
concrete, plastics, fossil fuels)

HWP contribute 7% to total carbon storage
of the VT forest sector

Total carbon stored Total carbon stored
in forests in HWP in landfill

Forests WP i
(1730.7 MMt CO2e) (58.5 MV

Data source: Domke et al. (2020) and Dugan et al. (2021)




ACFOSS the \/T fOI’eSJ[ SeCJ[OF, there Note: estimating carbonis difficultand
. hese values are approximate
are carbon sinks and sources t pronme

& Carbon sequestration | Carbon emissions =2
. Forests and municipal trees HWP storage and substitution effects
-1.5
. Land-use change HWP emissions Includes combustion from bioenergy
20 and decomposition in landfills
Harvested wood products
Forest converted to development Converted forestland also means loss
Developed land converted to forest 0.6 of future sequestration

-0.1

Cropland converted to forest Forest converted to cropland

-0.1 0.6
Forestland =
-5.2 Municipal trees
-6.0 -4.0 -2.0 0.0 2.0 4.0 6.0

Net carbon flux in 2018 (MMt CO,e/year)

Kosiba AM. 2021. Vermont Forest Carbon Inventory. Data sources: Domke et al. (2020) forest and tree sequestration and land use change estimates; Dugan et al. (2020) HWP emissions and substitution estimates

VERMONT DEPARTMENT OF FORESTS, PARKS AND RECREATION: Division of Forests



When we combine the sinks and sources estimated for 2018,

the forest sector took in ~42% of state annual emissions

& Carbon sequestration | Carbon emissions =

Approx. net

. Forests and municipal trees .

Land-use change

Harvested wood products

Total state emissions /\

Net emissions from HWP Estimated VT total emissions*
0.5 9.0

VA Net of emissions

Net emisisons from land-use change
1.0

Net sequestration by forests and municipal trees
-5.7

-8.0 6.0 4.0 2.0 0.0 2.0 4.0 6.0 8.0 10.0
Net carbon flux in 2018 (MMt CO2e/year)

Kosiba AM. 2021. Vermont Forest Carbon Inventory. Note that these forest sector values are not included in the Vermont GHG Inventory. Data source for state emissions: VT ANR GHG
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Opportunities to maintain and ¢
:‘. mCreaSG the mltlgathﬂ pOteﬂtia| Maintain or increase carbon sequestration
Of the fOreSt sector P of forests through good stewardship and

ecological silviculture
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Maintain or increase carbon sequestration
of municipal trees through good
stewardship and additional tree planting

Reduce carbon emissions from land-use
conversion and maintain the forest carbon
potential

Decrease net HWP emissions by increasing
use of wood as substitutes, durable wood
products




Climate change itself poses a risk to the ability of
forests to sequester and store carbon, and to

keep it stored for long periods of time

Temperature Change vs. Carbon Dioxide Concentration

Increased mortality?

175 Future Changes in Temperature and CO, #3.57,242100.1 750 pern,

Continuing current trends for greenhouse gas emissions " __.-=""
A IPCC Scenario SSP2-Baseline

165

best path to ensure a long-term
climate mitigation effect

Lower growth rates?
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More stressors?

Global Mean Temperature (° C)
o
Y
1

1 [ - - ‘I' .".'l !
145 . 7 3 /) B . - 5 L‘r.-
More disturbances: o :
14— | L .
2040 2060 2080 2100
135380 1970 2010 Future Scenario SSP2-Baseline Ti

YV V VY V VY

Faster decomposition rates?
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Carbon Dioxide Concentration in the Atmosphere (ppmv)

“Resilience” means the capacity of forests to withstand and

Source: Berkeley Earth . . . .
! Y recover from climatic events, trends, and disruptions.

A global overview of drought and heat-
induced tree mortality reveals emerging
climate change risks for forests

Widespread p,
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advancing resilience through enhancements to, or avoiding
degradation of, forests.
(from the VT Global Warming Solutions Act)
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