Wild Carbon

The Science behind Carbon and Conservation




Old Forests




..
O
|
L
Q =
m 17

Q
O =
@) 2~ &
- 2R m
v Bl @
4 1
4
Wa
4
- - .
© e m

o0

o e m
S (e
v B m
ol - m
- B3 5

(g0}
o C 2
e BEER &
O :
c : |
= m




Where does Plant Matter Come From?
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Living Solar Collectors

Leaf Area Index




” A single big tree can add the . e

same amount of carbon to the I_IVI ﬂ g SO | a r CO | | eCtO rS
forest within a year as is
contained in an entire
mid-sized tree.”

Leaf Area Index

673,046 trees
6 countries
403 species

Stephenson et al. 2014. Rate of tree carbon accumulation increases continuously with tree size Nature 507



Carbon in Forest Stands

Sequestration Storage

Annual Uptake of Carbon Accumulation of Carbon
over time = Carbon Pools

Maximize
the LAI
Leaf Area Index
Structurally complex forests
have higher vegetation area
indices, absorb more light and Where does the
used light more efficiently to extra carbon go?

power biomass production.
Gough et al 2019



Awesome
Leaf Area
Index!




Carbon Sharing

Klein et al. 2016. Belowground carbon trade among tall trees in a temperate forest
Simard et al. 2015. Resources transfer between plants via ECM networks



Carbon Sharing

Klein et al. 2016. Belowground carbon trade among tall trees in a temperate forest
Simard et al. 2015. Resources transfer between plants via ECM networks



Below-Ground Legacies

Fungal
Networks

Cleared Mid Old

Over time the connectance of species in the soil community increases, carbon and nutrient
uptake becomes more efficient. Morrie et al. 2017 Source: Soil networks become more
connected and take up more carbon as nature restoration progresses



Soil Carbon

Soil
Organic
Carbon

Steady State? Zhou et al 2017 24-year dynamics of the soil carbon in an old
growth forest at China’s Dinghushan Biosphere Reserve. They found that soils in
the top 20-cm soil layer accumulated atmospheric carbon at an unexpectedly high
rate: 0.61 Mg C ha year.

Smith et al 2016. Calculating Forest Carbon in US



Allocation

When the stand is young
most of the carbon is
allocated to aboveground
growth, after 80-90 years,
more of the carbon is
allocated to other pools

Aboveground Biomass

Zhu et al 2018

Stand Age

BG

Above ground



Carbon Storage

“Old-growth forests accumulate carbon for centuries and contain large quantities of it.”

Carbon Sink

Carbon Source

Luyssaert et al. 2008. Old-growth forests as global carbon sinks. Nature 455. Sept 11 (519 published carbon flux estimates 15-800 yr stands)



Carbon Accumulation
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Forest Carbon:
Paul Catanzaro & Anthony D’Amato The rate at which a forest sequesters
2019 carbon typically peaks when forests
Nevertheless, both are necessary for reducing the effects of climate change. are you ng to Intermediate age (30_70

CARBONSTORAGE:  CARBON SEQUESTRATION: years old)

The amount of carbon The process of removing carbon

that is retained in a from the atmosphere for use in

carbon pool within photosynthesis, resulting in

the forest. the maintenance and growth

Storage levels increase with Of plantS and trees.

forest age and typically peakin .
T e e Sy The rate (or amount and speed) at which a

e e Al alt forest sequesters carbon changes over time.

In the northeastern United States, carbon :
(bt izt el sequestration typically peaks when forests are D O yo u n g fa St— g rOW I n g fo re StS
young to intermediate in age (around 30-70
years old), but they continue to sequester

carbon through their entire life span. 'I)
Amount Rate sequester more carbon-



Old vs Young Forest

The authors conclude:
20-30 years before LAl can
offset respiration

Old Forest Young Forest
50 & 250 yrs. 20 yrs. Clearcut
Carbon Stock Carbon Stock
= 20,901 g C m? = 9,939 g c m?

Beverly Law, Oregon State




General Model

492 297
1260 -303
Original Wood Soil Carbon (48%)

(20%)

New C New C

Wood / Soil
80yrs)

Ingerson, Ann. 2011. Carbon Storage /(

Potential of Harvested Wood.



Carbon Stock and Sequestration Rates
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Summary so Far

e Trees extract carbon in proportion to their leaf area
e Complex old forest stands maximize annual uptake
e Forest stands sequester and store carbon every year

e Young stands allocate more carbon to wood production, Old stands
allocate more carbon to roots, neighbors and the mycorrhizal network.

e Old forests store A LOT of carbon, but there are ways to grow and
harvest trees that minimize sequestration losses and provide wood
products. It takes time



Back to the Garden

Joseph Priestly Joni Mitchell
1772 1969

“We are stardust, Billion-year-old carbon*
We are golden, Caught in the devil's bargain
And we've got to get ourselves

Back to the garden”

*quoting Carl Sagan

H N 78%

Life (Plants) O 21%
— He evolves @ C >1%
voc @ o




lrrecoverable Carbon

Conserve Wild Carbon and Grow More
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Recovery Time

>200 yrs

>100 yrs

>50 yrs

<50 yrs

Data from Goldstein et al. 2020



Natural Climate Solutions

FIGURE 2) CLIMATE MITIGATION POTENTIAL

Other Q
Billion metric tons of carbon per year benefits m{;‘ A
&
oS Fa
i ? : : ; YoovesSd
Reforestation | | | | | | 00

| | | (Adapted from Griscom et al. 2017)

Avoided Forest Conversion _

Natural Forest Management - i i i L X
Improved Plantations i i : i -
| | | Maxi ith d |
Avoided Woodfuel . | aamim With safeguards . Y X
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Fire Management | | B Low cost portion of <2° C ambition | 000

Climate mitigation potential of six forest pathways estimated global ambition to hold warming to <2° C. Darkest portions




Forest Carbon Stocks

2010 2050 =3B mt Sequesters 8.4 M metric tons per year
Biden spending $1.2 B remove 2 M per year

Metric Tons / Acre

10-50

. 50-100
. 100-150
. >150

Williams et al. 2020




Forest Carbon Stocks

2010 42.5 B metric tons of Forest Carbon
2010-2050 Sequesters 236 M m tons / year

Metric Tons / Acre

10-50

. 50-100

. 100-150
1% =8.2 M acres=2.4
metrics ton per year e
Cost S17 B per year

Williams et al. 2020



Carbon Friendly Forestry

Soils, Retention Forestry, Whole Cycle Management

Longer Rotations: Let trees grow older and remain rooted and
connected longer

Retention Forestry: A scientifically validated management approach that
is modeled on natural processes. A portion of the original stand is left
unlogged to maintain the continuity of structural and compositional
diversity. Leave old trees, leaf area. Manage for structural complexity.

Gustafsson et al. 2012, Retention Forestry to Maintain Multifunctional Forests: A
World Perspective

Ford,S.E., and Keeton,W.S. 2017 Enhanced carbon storage through management
for old-growth characteristics in northern hardwood-conifer forests

Manage for Soils: Intensive harvest depletes soil organic carbon far
more then traditional whole stem harvest. Increase research on
maintaining soil carbon. Leave a mess

Achat et al. 2015. Forest soil carbon is threatened by intensive biomass harvesting.
Nature

Whole Cycle Management: Reduce losses at all stages of the wood
product carbon life cycle: processing, transportation, manufacturing, use



All Types of Conservation

Permanent Protected Lands
(Public and Private - Forever Wild)
Gap 1: 2% Biodiversity w natural process
GAP 2: 3% Biodiversity w management

Well Managed Multiple Use Lands
(Public and Private)

GAP 3: 11% Secured for Multiple Uses.
Well managed public lands and easements

Sustainably Managed Private Lands

Promote best practices for biodiversity and carbon
and clean water

Also
- Avoided conversion through good energy citing
- Grow/Harvest food sustainably




A Reciprocal Partnership

“We abuse land because we regard it as a
commodity belonging to us. When we see land
as a community to which we belong, we may

begin to use it with love and respect.”
Aldo Leopold 1949



Thank You!



Binney Hill Wilderness Preserve

maps.tnc.org/resilientland

Below Ground
53% - 27,928 mt

Above Ground
29%
15,096 mt

514 Acres
2010 = 53,437
metric tons of C

2050 = 57,455
metric tons of C

40 yr. Seq = 4,018
metric tons of C

Thank you

Chris Williams
and

Natalia Hasler

of Clark University
for this amazing
data set!



Visual Monitoring

Does the tree know you are there?

\ ] 673,046 tees

6 countries
403 species






Communication

Volatile Organic Compounds

1983 lan Baldwin & Jack Shultz
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