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In the summer of 2023 the World Resources Institute (WRI) published three advocacy reports[1,2, 3]
challenging three decades of data driven research on the carbon consequences arising from forest
management and wood manufacturing to global trade and the longevity of wood in use. All the
advocacy pieces were ostensibly based on findings in Peng et al. 2023[4] (hereafter Peng et al.). Peng et
al. proposed a new global carbon model they call CHARM which was used to derive their estimation of
the likely consequences of using wood to solve global climate challenges.

Though WRI is lamenting that policy makers should take their model seriously, we, as forest scientists
across multiple forestry related disciplines, would assert that the results from the CHARM model are
simply not credible and have no place in a public policy debate about the climate mitigation benefits of
wood. Our statement is based on syntheses of both top-down (global to regional scale) research, as well
as bottom-up (forest to manufacturing to use) research that has been ongoing for nearly three decades —
all of which demonstrates a categorically different outcome from the CHARM model. Three decades of
data-intensive research — using USFS Forest Inventory and Analysis (FIA) data on forest growth, mortality,
and harvest; detailed, regionally specific life cycle assessment data on forest management, wood
manufacturing, and distribution; economic analysis of the drivers of wood production and how it
changes management and growth; global trade models; and internationally and nationally approved
standards and protocols — is unlikely to be wrong by more than an order of magnitude, as asserted in
these WRI advocacy reports.

Almost immediately after the release of the WRI reports, Dr. Brent Sohngen provided a robust rebuttal[5]
of the underlying flaws in the CHARM model based on his decades of experience modeling wood flows
from a global trade, top-down perspective that incorporates market dynamics and forest inventory data
to arrive at reasoned economically likely outcomes of various alternative pathways.

More recently we learned that despite the Sohngen rebuttal, the architecture, engineering, and
construction (AEC) sector is still inclined to consider the CHARM model, and related advocacy pieces, as
an alternative version of reality that bears examination[6]. Here we highlight how modeling assumptions
and equations that bear little resemblance to real-world measured data are the likely culprits for the
wildly divergent results reported in Peng et al. and further promoted in the related WRI advocacy pieces.

Briefly, the Sohngen rebuttal itemizes how Peng et al.’'s CHARM model misses the mark in the most
fundamental ways starting with a nonsensical approach that models a market without considering
economics while employing the Malthusian playbook of early 1900’s timber famine modeling that was
thoroughly debunked over 40 years ago. Peng et al. further ignores how wood demand works with the
nonsensical comparison to a no-harvest alternative. This is especially problematic given that evidence-
based research shows that leakage is real, measurable, and often leads to unintended consequences of
higher emissions when we get our wood from elsewhere.

The majority of the LCA studies undertaken across disciplinary boundaries are attributional LCAs, where
the focus is on describing environmentally relevant physical flows to and from a life cycle and its
subsystems. Using such an attributional LCA analytic approach the IPCC sixth assessment report indicate
forests, as currently managed, are a net sink at -6.6 Gt CO2 per year[7]. The Peng et al. study adopted a
consequential LCA approach which aims at describing how the existing environmentally relevant physical
flows will change in response to alternate harvest practices. The argument Peng et al. present in their
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consequential modeling results is that alternate harvest practices, specifically, no harvest would lead to
increased net carbon storage. Given this premise, one can imagine that their results are highly
dependent on their understanding of forest growth and mortality over the long term. In their paper, they
used Monod function to simulate growth rates in younger and older stands by using a modified growth
rate of Harris et al. (2021). In their supplementary document the authors mention that Harris et al.
growth rates are significantly higher, so they modified it. The results of the Monod function as used by
Peng et al. is shown by red and blue dots in Figures 1 and 2, against FIA data. It is clear from the results
that Peng et al. failed to model the future growth rates of the forests adequately. For a majority of the
US forests, they significantly overestimated the biomass accumulation, especially at older ages. Given
the modeling approaches employed, and the extreme biased estimates of older forest stands, it is
perhaps no wonder that Peng et al. found timber harvesting would lead to net emissions of 3.5-4.2 Gt
CO2/year, which clearly contradicts conventional wisdom reported in the IPCC sixth assessment [7].

There are robust datasets on US forest growth, harvest, mortality, management outcomes,
manufacturing, and alternative product cases[8] with over 70 years of accrued data. While other country
data used in Peng et al. may not be complete, the US data can be used to highlight differences between
verified published data and assumptions in the CHARM model. Comparisons of harvest and no-harvest
alternatives require a good understanding of forest growth and mortality over time. Forest Inventory
and Analysis (FIA) data[9] provides detailed regional inventories which can be used to compare against
CHARM modeling assumptions for forest growth. Figure 1 and 2 show those comparisons for two US
regions, the southern pine and the PNW Douglas-fir region. Together these regions produce 76.4% of US
industrial roundwood which is compared against a no-harvest alternative in the CHARM model. In Figure
1 (Alabama, Georgia, North and South Carolina representing the southern pine region) and 2
(Washington, representing the PNW Douglas-fir region) the red dots represent CHARM model estimates
of forest growth for unharvested plantations and the blue dots represent CHARM model estimates of
forest growth for unharvested secondary forests (i.e. naturally regenerated). The box and whisker plots
show the median (horizontal line), mean (*), 25" and 75" percentile (box), and 99% percentile (whisker)
for FIA data in the same age classes for site classes 3, 4, and 5 which represent the majority of the acres
across these regions.
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Figure 1: FIA data vs CHARM model estimates of growth, southern pine region.
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Initializing the CHARM model with these kinds of unrealistic growth rates for plantations (red) and
naturally regenerated forests (blue) and then comparing a no-harvest alternative to a combination of
harvested wood products and regrowth renders the results incompatible with reality. That is true even
on expected rotation lengths of 30 years for plantation forestry in the south and 40-50 years in the PNW.
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Figure 2 FIA data vs CHARM model estimates of growth, PNW region.
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Even for higher site productivity locations, the CHARM model results are still too high, but more closely
aligned with expected values for plantation forestry for about the first 40 years. However, it is not a
credible assumption to expect that investment in forest management activities needed to approximate
the yields predicted from the CHARM plantation model would occur without harvest. This component of
the bottom-up analysis is in complete alignment with the top-down response in the Sohngen rebuttal. In
order to be relevant for public policy, economics must play a role in global modeling of the carbon
consequences of forestry operations and forest growth.

The further out in time the Monod function used in the CHARM model runs, the further from reality the
results become. That becomes obvious from Figures 1 and 2, but more broadly it is apparent from FIA
data on mature and old forests which are best represented by western US national forests where more
than 70% of forests are greater than 60 years old. Data from these forests (Figure 3)[10] show that as
forests age, growth slows and then declines, sometimes precipitously in the case of rampant disturbance
vectors like wildfire and insects and disease outbreaks. Figure 3 shows the significant decline in forest
harvest levels beginning in 1993, with a subsequent increase in mortality and eventual decline in net
growth as mortality exceeds growth. In some states and sub-regions of the western US, national forests
are now net emitters of carbon due to these significant mortality events, some of which are caused by
climate driven disturbances with the remainder caused by age related mortality. Based on current data
and expected future climate impacts, coupled with unexpected novel conditions that may arise over the
next few decades, it is clear that placing our forests in a vulnerable, unmanaged condition to mitigate
climate change is not a promising solution.

ANNUAL HARVEST, NET GROWTH, AND MORTALITY ON NATIONAL FOREST
TIMBERLANDS, 1952-2016
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Figure 3: Forest Inventory and Analysis data for western US national forests showing inventory change over time.
[Used with permission from Lippke et al 2021, Figure 1.]
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Both top-down economic models and bottom-up research efforts to improve growth and yield on
managed forests confirm that increasing wood growth, both rate and volume, are driven by wood use
and demand. For the US this is best demonstrated by the thirteen-fold improvements in average yield
on southern pine plantations[11] that manifests itself as the significant increase in growing stock on
southern pine forests over the past 70 years based on FIA data (Figure 4). The period from 1976- 1996

Growing Stock and Area of Forest Land for Major Wood Producing Regions
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Figure 4: Growing stock and acres for southern pine and PNW forest regions (1953-2017)

saw harvest in southern pine forests increase by 50% while standing inventory remained stable. Harvest
rates from 1996-2016 were slightly reduced from the 20 years prior due to global economic conditions,
and inventory expanded by 20% under economic expectations of continued wood demand.

Less apparent, but equally compelling, is the maintenance of a stable growing stock in PNW forests
despite the transition from harvesting temperate old growth rainforests in the early 1900’s, to currently
harvesting second and third growth planted forests without any significant reduction in regional growing
stock (Figure 4). Taken together these two US regions produce 76% of US industrial roundwood, and
15.2% of global industrial roundwood. Most of the industrial roundwood comes from a subset of
managed working forests in these regions covering 59,000 thousand acres (24,000 ha) which represents
11.5% of US timberland and 7.8% of US forests.

The UN Food and Agricultural Organization (FAQ) (2020) estimates that there are 4.06 billion ha (10 B
acres) of forests globally, of which US forests represent 0.31 billion ha (8%). These data indicate that
through modern management systems, including strong regulations in the PNW and best management
practices in the Southern Pine region, the US produces 15% of global industrial roundwood supply from
approximately 0.59% of the world’s forests (7.8% of US forests). FAO estimates that 7% of the world’s
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forests are planted, and either managed intensively as plantations, or extensively for multiple uses which
is similar to the US values for planted forests.

Such a clear-eyed examination of the data clearly indicates that there is no timber famine in sight. On the
contrary, utilizing proper management systems provides plenty of opportunities to expand the
production of industrial roundwood to address critical global needs for infrastructure, while leaving the
majority of the world’s forests for other uses, including subsistence food and fuel, biodiversity, scenic
beauty, and other needs. The idea that doubling wood harvest would result in harvesting an area equal
to the entire US forested land base, as asserted in the WRI advocacy piece[12], is patently false.

CORRIM has completed over 90% of the 3rd party verified wood product environmental product
declarations (EPD) for US wood products[13]. These EPD are based on surveys of US manufacturing
facilities, US forest operations, and detailed analysis of US forest inventory data which are all
incorporated into life cycle analyses (LCA) used to develop the EPD. Tracking the mass balance, and
attendant carbon flows, of harvested wood products is one of the more complicated aspects of
conducting these LCA. Our expertise in this area leads us to conclude that the underlying data on
conversion of industrial roundwood to products in the CHARM model suffers from substantial, non-trivial
errors related to wood processing, the concept of overrun, and even the basics of moisture content, how
to calculate it, and its impact on recovery. The net effect is a nest of assumptions that are impossible to
unravel with the data provided. The outcome is predictable though - there are imbalances in the
input/output values that CHARM model developers are forced to balance using incorrect assumptions.
For example the CHARM model estimates that 29% of industrial roundwood entering mills as sawtimber
is wasted and even worse, 48% of pulp fiber is wasted. The CHARM estimate for waste during sawtimber
production is, on average, 29 times higher than actual value of (less than) 1% that is found from surveys
of US manufacturing facilities. CHARM moisture content errors alone result in 50-82% less wood
remaining in the product pool than what is recorded in our major US production regions. To recap thus
far, using the most robust dataset in the world on forest sector carbon flows, the bottom-up analysis of
CHARM when compared to US data on industrial roundwood production has identified fatal errors in
growth modeling assumptions, economic leakage, and conversion of logs to harvested wood products.

Publicly available LCA data demonstrating the low carbon footprint of structural wood products is
ubiquitous. (https://www.athenasmi.org/, https://www.nrel.gov/Ici/, https://www.lcacommons.gov/).
Data demonstrating its benefit in place of high carbon footprint products like steel and concrete is not
only ubiquitous it’s been incorporated into these databases and used in proprietary software to solve the
most critical challenge of our time — how to reduce the embodied carbon of our building infrastructure.
When it comes to displacement of fossil-intensive products, the CHARM model relies on
assumptions[14] including the conversion of the energy grid to 100% non-fossil sources would occur in
the imminent future thereby creating equal emission profiles for wood, steel and concrete production,
rather than the 3-6 fold additional emissions from the production of steel and concrete using current
and near term production technologies. This assumption is not discounted whereas other parts of the
CHARM model discount future gains against current losses.

While it is certainly possible to further analyze how these assumptions are used to assert that harvesting
forests and using industrial roundwood to meet the demand for infrastructure generates net emissions

in contradiction to the findings of the IPCC[15], US greenhouse gas reporting[16], USFS FIA reporting[17],
and individual state reporting[18], there is not much value in doing so. In short, the CHARM model is not
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the paradigm buster it has been made out to be: it is an example of a poorly designed and implemented
scenario analysis built on assumptions that do not withstand scrutiny bounded by known, verified data.

In summary, this rebuttal compares the data driven bottom-up models used to develop wood product
LCA and EPD against the underlying assumptions used to build CHARM from the bottom up. This
examination exposes fundamental flaws in how CHARM addresses biophysical limits to growth. Those
flaws generate erroneous differences in the alternatives to wood harvest modeling that are not
supported by data. Those flaws are then amplified through each phase of the pathway from forest
growth, harvest, manufacturing, and alternative infrastructure uses to generate a global estimate that
greatly misses the mark based on our extensive data driven analysis of the North American wood basket.
Taken together, these top-down and bottom-up examinations of the Peng et al. article refute the
assertion that using wood to create sustainable building products generates more emissions than it
stores.
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Summary: In the summer of 2023 the World Resources Institute (WRI) published three advocacy
reports[1,2, 3] asserting that forest management and wood manufacturing resulted in net emissions to
the atmosphere as compared to a no harvest alternative use case. These advocacy pieces were
ostensibly based on their newly developed CHARM model, a global carbon model published under Peng
et al. 2023[4]. Findings from three decades of research using US data on forest growth, harvest, and
manufacturing along with summaries of global forest trade models were compared to CHARM outputs to
gain an understanding of the 10.8 Gt CO2/year difference between CHARM predictions (4.2 Gt/year =
net emission) and those of the IPCC (-6.6 Gt/year = net storage).

e The Monod growth function used in the CHARM model fails to capture the increased rate of
mortality and decreased rate of biomass sequestration of older managed stands. The error in the
modeling increases with increased age of these stands. As a result, by 40 years into the simulation,
CHARM over-estimates US forest growth by 130-268% depending on site class and location. By year
100 that over-estimate is as high as 300-355% over experienced recorded growth rates for our major
timber growing regions. The CHARM forest growth over-estimates create unrealistic, indefensible
estimates of the no harvest alternative for the country with the highest quality data — the US.

o Growth models are biologically unrealistic with expanding errors with age.

o Investment model for no-harvest alternative is unrealistic (i.e. forest owners do not invest in
establishing plantation forests that do not have potential for economic recovery)

o CHARM estimates of wood volume are off by 50-82% and milling efficiency are off by 29-48%.

o CHARM ignores the increasing sophistication in the use of residuals in long-lived applications
(engineered wood, biochar, high value pulping technologies), plus recovery of wood in a circular
economy model.

o CHARM substitution assumes advances in competing technologies without advances in wood
technologies as well as inconsistent discounting of current and future values.

o The US produces about 15% of global industrial roundwood supplies on about .59% of global
forest land. CHARM estimates a doubling of roundwood demand would require 100% of US
forest land to produce. While we concede that some of the most productive forest land in the US
(the PNW forests) produce 1/3 of our lumber and plywood, the CHARM result is inconceivable.

e Assuming similar productivity in non-Us regions, current industrial roundwood demand can be met
by 3.94% of world’s forests. Doubling that might reach 7.9% of global forests or about 1% more than
are currently planted. That leaves more than 92% of the world’s forests for other uses, including
subsistence food and fuel recovery, biodiversity, and other values.

o These underlying bottom-up issues meet the top-down assessments to complete the rebuttal
o Wood growth and management intensity are driven by wood use/demand.

o Where demand grows, innovation flows and carbon consequences are positive not negative.

o Aglobal model based solely on biophysical criteria, (and not very good ones at that) without
economic considerations is unlikely to produce reasonable estimates of likely outcomes.

o Inaquest to solve a global CO2 problem, let’s not throw the wood, as most promising renewable
carbon negative technology we have, under the bus in favor of an alternative that looks simpler on
the surface, but just doesn’t deliver when we look under the hood at the underlying incorrect
assumptions used to create that outcome.
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