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Mitigation benefits from forests

Forests contribute to mitigating the problems of climate change by
taking up carbon from the atmosphere and storing it on the land.

Carbon Cycle

Priority mitigation activities
. . Plants take up carbon
in the land sector: dioxide (photosynthesis)

1. Avoiding emissions from
degradation of natural ecosystems

Carbon emissions
from burning

Carbon emissions fossil fuels

from respiration
Animal Microbial

Soils /
Fossil Fuels

(after millions of years)

2. Sequestering carbon in regrowing
native forests

Dead Iant
transfer carbon to the soil




Global carbon cycle

Fossil fuel emissions % of the accumulated
must be reduced carbon stock

_'— 65%

/\. ———%—35%

Atmosphere
Fossil Fuel Stock
Stock
~N N
l
Sequestration represents —
refilling the land carbon
reservoir Land Carbon » | Surface Ocean Stock

Stock

)

Deep Ocean Stock




Comprehensive carbon stock accounting system

Characteristics:

» Reservoirs of carbon disaggregated:
geocarbon, biocarbon, human

» All stocks and stock changes accounted
» All lands and activities accounted.

» Ranking of reservoirs by their quality:
stability, longevity, resilience, density

stock change

Time 1 Time 2
Atmosphere Atmosphere
A
emissions removals

Primary reservoirs

Geocarbon

Primary reservoirs

5| |—> Geocarbon

Human reservoirs

Biocarbon — 5| | L Biocarbon

Human reservoirs

Stockpiles > —> Stockpiles

Products > 5 Products

Waste > > Waste
Imports

E t
5 Exports



Criteria for ranking primary carbon
reservoirs for protection

Carbon Restoration
reservoir time

Stability

Carbon density

Geocarbon High Geological High A. High
Biocarbon
N I . Hi
atura High-moderate De.cadets t0 High o5 kA
ecosystems millennia
Semi-natural Moderate Years tF) Potentially high B. Moderate
ecoystems centuries
Agricultural Low Annual to Low - C. Low

systems decades moderate



Accounting for quality of carbon stocks:
Plantations are not equivalent to natural forests

® longevity and stability of carbon stocks in the native forest should taken into account
® capacity of native forests to adapt to change and regenerate following disturbance
® resilience to human pressures




Atmosphere
CO, stock

GPP (gross primary productivity)

g \TERPHEION DY s NPP (net primary productivity)

Living biomass (Leaves, branches, stems,
carbon stock fine roots, coarse roots)

Mortality R|, (respiration by
microorganisms
Sloughing,
exudation
Dead biomass (Litter, CWD - coarse woody
carbon stock debris, dead stags, root litter)

Decomposition

(Organic matter)




Framework for scaling measurements to models

SITE DATA SPATIAL DATA
Living trees Environmental variables Disturbance
+ and factors history
2 Dead trees
w
= +
Litter
+
— | Coarse woody debris
\l/ aspecj/
SITE BIOMASS CARBON slope
(tC/ ha) .
\l, evatio
4] .
E Disturbance events
n 1. Clearfell 4. Group selection
2.  Single tree selection| 5. Wildfire _
3.  Thinning ¢ 6. Prescribed burn n
MODEL
Biomass Carbon = f(environmental variables, disturbance events) -
— X
m -
B m
v 2
CURRENT CARBON STOCK =
Spatial biomass carbon calculated for every grid cell. J
n CAR_BON CARRYING CAPAC,ITY 1. Modelled carbon accumulation over time
Spatial biomass model derived
2 - . - 2. Age structures of forests
o from a different set of sites with —>t . .
- . . 3. Scenarios of forest management practices
8 little human disturbance across
o SE Australia. mn
C
\4 -
Cc
]
m

CARBON SEQUESTRATION POTENTIAL




Change in carbon stock with forest age

Carbon Sequestration Potential CSP

Total biomass carbon stock (tC ha)

500 - | |

Carbon Carrying Capacity
400 _ Primary forest
oo4{ /. |
Current Carbon Stock
200 - Regrowth forest
100 -
A
O : T T T T T T T T T T T T T
0 100 200 300
Forest age (years)




Stand age structure determines carbon stock
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Carbon carrying capacity in native eucalypt forests

Distribution of biomass carbon density Estimation of uncertainty of
in eucalypt forests of SE Australia the predicted biomass
Legend ]
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Causes of change In carbon stocks
u Natural disturbances eg wildfires H Human activities eg logging

» Large emissions measured in the atmosphere due Change in carbon stock depends on:

to large areas burnt (1 million ha in Victoria 2009). silvicultural system

» Carbon stock loss of 3.9 TgC from montane ash
forest = 27% of Australian annual emissions
reduction target.

rotation length
proportion of slash and products

slash management
» Important to measure emissions from combustion

waste during processing
for comprehensive carbon accounting.

V V V V V VY

storage in products




Proportion of ecosystem carbon stock combusted in wildfire is small

Most of the biomass remains in the forest after fire.
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Biomass components combusted in wildfire

Total Carbon Stocks (tC ha'')

Course Dead
Living Biomass Litter Woody Debris Standing Trees
Pre-fire 822 8 51 41
Post-fire 795.3 0 50.6 19.3

14

A

Canopy Leaves
and Twigs

9.3

A

Mid and
Understorey
Branches and
Small Stems

0.4
8
Small
Course

: Woody
Litter Debris %
: -

BR T =T T

21.7

Hollow
Trees
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Long-term carbon dynamics after wildfire

Total carbon stock changes over time due to rates of mortality, decomposition and regeneration.

(a) 1200 2 Old Growth forest

<1000

9

@ ~ 800

g S — T0tal

2 <600 ~— Regeneration
g O

0x - Dead trees
o< 400 '

@ = | Ve trees
@ _

£ 200 ------- CWD

2 B A ——

0 50 100 150 200 250
Time (vears)



Long-term carbon dynamics under a fire regime

Total
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Dead trees
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Transfer of carbon stocks in harvested Mountain Ash forest

Longevity
of products

1.2% in landfill ~350 yrs

4% sawn timber
products

30-90 yrs

B\ 20% paper

1-
products 3yrs

16% processing
waste <1 yrs

g "' £\ 30% waste
&\ left on-site



Processes of carbon transfer in harvested Mountain Ash forest

Total biomass carbon in
forest ecosystem
100%

/N

Merchantable biomass
removed off-site
40%

Waste or slash

remaining
60%

slash burning

Woody debris

Pulp Sawlogs
29% 11% ini
30%

remaining on-site

~50 yrs

waste waste \_/
decomposition
Paper Sawn
products timber

20% 4%
1-3 yrs 30-90 yrs

Landfill

1.2%
350 yrs

decomposmon
combustion



Long-term carbon dynamics in harvested Mountain Ash forest

Biomass carbon stock (tC ha?)

1200

1000

= \Wildfire

200 == = regrowth forest

harvested forest
600 -

living biomass
400 7 —— coarse woody

debris

200 - ——— products

landfill

-10 40 90 140 190 240
Time (years)

Changes in carbon stocks post-fire are not as great as that in harvested forest.
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Regional average carbon stocks In scenarios
of harvested forest systems

Victorian Central Highlands Mountain Ash forest

A 8007 Reference scenario
Current harvested forest
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Q
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Aboveground living biomass in all trees

Transfer of carbon stocks e ematieiomuns i~ = "Soas e,

0.35 0.65

in harvested mixed
0.028
Wood products
eucalypt forest /o
]
Pulp Sawlogs
NSW South Coast
short lifetime & ; )
decomposition sawmill processing
0.051
Green sawn boards
0.071 product
processing
0.017
Total sawlog products 0.054
Dried & Green Landscaping Poles
dressed structural 0.0185 0.0016
0.0157 0.0186 2 secondary
0.0016 ‘ processing &
l l o000 installation
Recycled 0.0141 0.0177
< | |
producks 0.0021 ¥ 0.0027 v
0.0048 0.0120 0.0150 0.0185 0.0016
Wood products in-service 0.052
0.0024 0.0006 0.0015 0.0185 0.0001 in(-j:;:/);ce

0.0024 0.0114 0.0135 0 0.0015

Wood products at end-of-life 0.0288
input to landfill
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0.0066

Landfill

0.0222



Regional average carbon stocks in a logged forest system

NSW South Coast mixed native eucalypt forest
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Sensitivity of parameters in the harvested forest system

Carbon stock parameters

(1) forest carbon accumulation rate
(ii) proportion of biomass removed

(iii) wood products supply A. South Coast NSW

(iv) wood products longevity mixed eucalypt forest

(v) landfill decay
(vi) differentiation of pools
(vii) displacement factor for products
(viii) displacement factor for bioenergy

0 5 10 15 20 25
Difference in carbon stock (%)

(1) forest carbon accumulation rate

(if) proportion of biomass removed

B. Central Highlands of Victoria
Mountain Ash forest

(vi) differentiation of pools
(ix) proportion of sawlogs
(x) slash components combusted

(xi) rotation length

0 10 20 30 40 50
Difference in carbon stock (%)

Difference in carbon stock is a percent of the total system carbon stock, calculated from using the minimum and
maximum values for the parameter reported in the literature.



Predicting carbon sequestration across the landscape

Harvesting creates a mosaic of forest ages at the Projected increase in total landscape carbon stock over

landscape scale. 50, 100 and 150 years in regrowing forest.
Protection allows native forests to regrow.

200

150

50

0 500 1000 1500 2000 2500
Biomass carbon stock (tC ha™)

® Avoided emissions from ceasing logging Mountain Ash forests in Victoria is equivalent to about one-third
the annual emissions from the Yallourn Power Station (generating 22% of Victoria’s electricity from brown coal).

® Protection of Mountain Ash forests would about double the carbon storage and contribute about 8% of
Australia’s total emissions abatement task for 2014-2020.



Managing forests for carbon storage

Avoiding emissions by protecting H Increasing sequestration by
natural ecosystems and stopping afforestation with biodiverse long-
deforestation and degradation lived plantings and restoration

Benefits: cost-effective, rapid implementation, co-benefits

Restrictions: limited area of land available, biophysical limits on carbon sequestration
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