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What is the role of forestry in mitigating
climate change?
• Controversy surrounding the use of wood biomass to generate electricity.
• Discounting physical carbon: Why is everyone reluctant to discount
carbon when the weight applied to ‘when carbon is emitted to or removed
from the atmosphere’ – the discount rate on carbon?
• Carbon dioxide removal (CDR) plays a large role in the IPCC’s (2018)
report “Global Warming of 1.5 oC”. Two items:
• Bioenergy with Carbon Capture and Storage (BECCS) and
• Removals in the Agriculture, Forestry and Other Land Use (AFOLU) sector

• Ignore AFOLU directly as it is assumed that (marginal) land is converted
to forestland to the tune of 2.8 – 7.2 million km2, or 280-720 million
hectares (Canada has 347 million ha of forestland, 9% of global total)

Discounting Carbon

Discounting Carbon
• Ciriacy-Wantrup (circa 1950s) showed that it was necessary to weight
resource flows as to when they occur if you want to determine whether
you have conservation or depletion of a resource
• Conservation is a redistribution of use rates (resource flow) to the future
• Depletion is a redistribution of use rates toward the present

• Discounting carbon quite different from monetary discounting (e.g.,
issue concerning intergenerational discount rate in climate policy)
• Discount rate on carbon deals with the urgency of mitigation policies
• Discount rate on carbon necessary to measure and compare carbon fluxes
across time

How does it work?
• At time of harvest, carbon emitted to atmosphere or stored in products that slowly
release carbon over time. NEED to discount this flow to time of harvest
• Weighted value of carbon stored in a particular post-harvest wood product pool at
time of harvest t is given by

 rc 
 ε C
VCstored = 
 rc + d 
rc = discount rate on physical carbon
d = rate of decay of wood
C = carbon in harvested timber
ε = proportion of timber entering the product pool
d=0 (no decay): carbon released from products is zero and all carbon is retained
regardless of the rate used to weight carbon.
rc=0 : no carbon stored (e.g., biomass burning?)
Discounted carbon at harvest is then priced and discounted to present at monetary rate.
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Comparing Lesser and Greater Urgency to Address Climate Change

Integrated Assessment Models (IAM)
• Definition: “approaches that integrate knowledge from two or more
domains into a single framework” (Nordhaus AER 2019, p.1994) – an
interdisciplinary approach!
• Various types of IAMs used in the climate literature:
• Used to develop the Representative Concentration Pathways (RCP) and the
Shared Socioeconomic Pathways (MESSAGE, AIM, GCAM, IMAGE).
• Used in economic policy: Dynamic Integrated Climate and Economics (DICE)
model by William Nordhaus and Climate Framework for Uncertainty,
Negotiation and Distribution (FUND) by Richard Tol are best known because
they are open source

• Criticized by Robert Pindyck (2013, 2017) as ad hoc.

Fundamental equation of climate models:
dTm
1
=
(F – λ Tm)
dt
Cm

Cm is the specific heat content of medium m
F is the forcing (in this case from anthropogenic emissions)
λ is the feedback parameter
Tm is the surface temperature of the medium (atmosphere) – the deviation from some equilibrium

Parameter choices in the following equations are ad hoc judgements leading to very different
outcomes. This is not only the case in DICE and FUND but in climate models themselves.
CAtm = cp pa /g

where pa is atmospheric pressure (1 bar), cp is specific heat capacity of atmosphere, g is gravitational force

COcean = pw cw d

where pw is the density of water, cw is the specific heat capacity of water, and d is the depth of the ocean

λ=

F2×CO2
ECS

where F2×CO2 is the forcing associated with an equilibrium CO2 doubling and
ECS is the equilibrium climate sensitivity (or rise in temperature from double
CO2 after 1,000 years with no further emissions).
F2×CO2 = 3.70 and ECS = 3.1oC, then λ = 1.194 W ∙ K–1 ∙ m–2
F2×CO2 = 3.44 and ECS = 1.5oC, then λ = 2.29 W ∙ K–1 ∙ m–2.
•
•
•
•

Charney Report (1979) suggested that the ECS value lay between 1.5oC and 4.5oC, based on two
separate studies – one found it to be 2oC and another 4oC.
Same range subsequently reported in the first four IPCC reports (with some variation).
Then AR5 gave no range for λ, but suggested it could be as high as 6oC, but kept its best estimate
at 3oC.
Rumour has it that AR6 will promote use an ECS of 5oC.

How sensitive is the social cost of carbon (SCC) to the value of ECS?

Path of the Social Cost of Carbon, 2015-2100, for Three Values of the Equilibrium
Climate Sensitivity Parameter, DICE Model (US$2005 pet tCO2)
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Climate Models: Single-layer energy balance model (EBM), used in
FUND, and a two-layer EBM used in DICE
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Carbon Cycle: DICE model
MAT(t) = E(t) + φ11MAT(t-1) + φ21MUP(t-1)
MAT

Atmosphere

φ12MAT

Mdeep(t) = φ23MUP(t-1) + φ33Mdeep(t-1) – φ34Mdeep(t-1)

φ21MAT
Upper ocean layer

MUP(t) = φ12MAT(t-1) + φ22MUP(t-1) + φ32Mdeep(t-1)
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φij = 1 – φji
Mdeep

Sedimentation term
(can be included by
reducing φ23).

M is used in DICE to denote carbon
measured in carbon terms and not CO2 terms
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Flux = – α ∂T/∂d = – α (TLO – TAT)/d

DICE model: Climate / temperature module:
*Climate and carbon cycle
tatmeq(t+1).. TATM(t+1) =E= TATM(t) + c1*(FORC(t+1) – (fco22x/t2xco2)*TATM(t) – c3*(TATM(t) – TOCEAN(t)));
toceaneq(t+1).. TOCEAN(t+1) =E= TOCEAN(t) + c4*(TATM(t) – TOCEAN(t));

TATM = increase in atmospheric temperature in oC since 1900
TOCEAN is the increase in lower ocean temperature in oC since 1900
FORC(t) Increase in radiative forcing (watts per m2 from 1900)
t2xco2 is the equilibrium climate sensitivity (ECS) parameter (set to 3.1oC)
fco22x is the “forcings of equilibrium CO2 doubling” parameter (set to 3.6813 W/m2); others use 3.44 or 5.35 ln(2)
c1 – I estimated c1 to be 0.100424 while DICE uses 0.1005
c3 - I estimated c3 to be 1.27, DICE uses 1.26

What happens if we change land use component
of DICE?
• Current: DICE takes current CO2e emissions from land use and
reduces these over time at a constant rate, although land use change is
a continual source of emissions
• To achieve the latest target by the IPCC (2018): Global Warming of
1.5 °C.
• Heavy reliance on bioenergy, most of which will come from forestry
• Forested area needs to increase by 2.8 – 7.2 million km2 by 2050; the latter is
about double Canada’s total area in forests.

• How does this work?
• How will this affect the social cost of carbon?

Source: IPCC (2018) 1.5oC Report

Source: IPCC (2018) 1.5oC Report

P3: A middle-of-the-road scenario in which
societal as well as technological development
follows historical patterns. Emissions
reductions are mainly achieved by changing
the way in which energy and products are
produced, and to a lesser degree by
reductions in demand. AFOLU = 2.8 mil km2

P4: A resource- and energy-intensive scenario in
which economic growth and globalization lead to
widespread adoption of greenhouse-gas-intensive
lifestyles, including high demand for transportation
fuels and livestock products. Emissions reductions
are mainly achieved through technological means,
making strong use of CDR through the deployment
of BECCS. AFOLU = 7.2 mil km2

Impact of BECCs on Social Cost of Carbon, ECS = 3.1 C
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For all three, SCC = $30/tCO2 in 2015, but, by 2030, SCC $51.17 with no BECCs, $48.46 with High BECCs (1,191 cumulative
GTCO2 in 2100) and $50.39 with low BECCs (414 cumulative GtCO2 in 2100)

Impact of BECCs on Social Cost of Carbon, ECS = 2.0 C
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For all three, SCC = $17/tCO2 in 2015, but, by 2030, SCC $29.18 with no BECCs, $27.55 with High BECCs (1,191 cumulative
GTCO2 in 2100) and $28.05 with low BECCs (414 cumulative GtCO2 in 2100)

Discussion
• It seems odd that the SCC should rise over time. The SCC should be
the same regardless of when CO2 is emitted to or removed from the
atmosphere. If climate change is an urgent issue, it seems that
discounting future carbon at 1.5% is simply too low a rate. Carbon
should probably be discounted at a much higher rate to reflect climate
urgency.
• Integrated assessment models are completely ad hoc. IAMs are
extremely sensitive to the values of the parameters that the modeler
chooses, but the same is true of climate models. Pindyck’s criticism
holds, but he goes on to argue more recently that he does not like
DICE because it fails to address ‘tipping points’ (although Nordhaus
disagrees in AER 2019 – his Nobel address)

Bulletin of the American Meteorological Society March 2017

Discussion (cont)
• Parameters in DICE are informed by the IPCC, but are mainly based on
outcomes from an ensemble of climate models.

• Parameters based on computer models differ from those derived from empirical
studies. For example, empirical studies find values of ECS to be between 1oC and
about 2.5oC, with more leaning toward less than 2oC.
• Ensembles represent an average of some 10-15 climate models, but the average
includes outcomes of models that are not good in the sense that they do a horrible job
tracking real data. Suggested that ‘better’ models be weighted higher in ensemble
results [see Eyring et al. Taking climate model evaluation to the next level, Nature
Climate Change 9(2019): 102-110.]

• Next steps: spend more time examining DICE and other IAMs, and the role
of bioenergy and forestry

• Forestry and biomass are much discussed but, based on the evidence, have little impact
on climate as indicated by the small impact on SCC
• How can forestry/biomass be better integrated into an IAM like DICE, and could it
potentially lead to a greater role for the forest and land use sectors.

Thank you!

