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Presentation Outline 
• Background on Forest Carbon Offsets and “Additionality” 
• Conceptual framework 
• SRTS Review – Competitive Equilibrium and Goal Program  
• SRTS Scenario Design 

• Illustrative case (AAEA working paper) 
• Forest Sector Pathways w/ varying degrees of offset market activity 

• SRTS Projections (Results) 
• Offset broker’s reaction curve to a change in prices 
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Background on Forest Carbon Offsets and “Additionality”Conceptual framework for thinking about additionality impacts on roundwood MKTsSRTS Scenario DesignDeviations from the competitive equilibrium (.PW input files)Illustrative case: hypothetical falling demand for PPW (w/ and w/out offset MKT activity)Forest Sector Pathways and scenario designRoundwood demand forecasts for 4 roundwood productsSRTS Projections (Results)HarvestsDeferred pulpwood harvest (excess supply in the industrial pine pulpwood MKT)Above ground carbon storageOffset broker’s reaction curve to a change in prices



Forest Carbon Offset Projects in the South 
• Long-term contracts: 

• CARB, ACR 

• Short-term contracts: 
• NCX 
• SkyHarvest. 

• Jan. 2022 NCX auction 
• 1,800 Landowners 
• 2 million acres  
• 15x increase over the 

Jan. 2021 auction  

Image source: https://ncx.com/learning-hub/ncxs-latest-forest-carbon-program-results-demonstrate-growth-across-39-u-s-states/  

Jan. 2022 NCX Auction 

https://ncx.com/learning-hub/ncxs-latest-forest-carbon-program-results-demonstrate-growth-across-39-u-s-states/


Long-term Offset Projects 

• Example: CARB program ACR209  
• Finite Carbon – Weyerhaeuser Co. IFM 1 
• Commitment to constrain harvest scheduling such that “no more than 40% of the 

project area is in age classes less than 20 years old.” 
• Baseline Carbon stocks of 50.04 tCO2e/ac. 
• Project site contains: 

• loblolly pine (>9” DBH by age 20) 
• shortleaf pine (>9” DBH by age 20) 
• red oak (<11” DBH by age 20) 
• white oak (<11” DBH by age 20) 

Image source: American Carbon Registry  



Short Term Offset Projects 

• Expanding market for forest 
carbon offsets in the U.S.  

• New carbon markets have 
emerged that target “deferred 
harvests”   

• Compensation for temporary 
carbon storage  

Source: ncx.com  



Short-Term Offset Projects 
• Example: NCX (short-term agreements & “Carbon-at-risk” calculations)  

Figure source: NCX - Our Baseline model of harvesting behavior: How NCX uses forest inventory, satellite, and market data to predict “business as usual” 

“Carbon-at-risk” is a function of r * PH  



Concerns over “Additionality” 
• “Additionality” – carbon stored beyond “business-as-usual” management conditions.  
• Failure to achieve additionality threatens offset market stability/credibility.  



Concerns over “Additionality” 
• Over-crediting problems 

 CARB program found to have over-credited 30 million tCO2e from Jan. of 2004 to Sept. of 2020 (29.4% of 
credits in their sample). 

 These excess credits were valued at ~$410 million (~15.8% of the total value of credits in the sample). 

Presenter Notes
Presentation Notes
CARB uses “course regional averages” to determine baseline carbon storage for individual projects. This has led to over-crediting problems and is why NCX relies on a project-specific estimates of baselines. 



What Role Can Economic Models Play?  

• Additionality is a market concept  
• Additionality thresholds are endogenous to market adjustments and existing carbon 

offset investments  
Offset auctions themselves impact roundwood harvests and stumpage prices, so attempts to 

account for additionality when approving offset sellers don’t do two critical things: 
1. Use post-auction roundwood prices to determine “Carbon-at-Risk” 
2. Re-assess landowners’ harvest probability after unforeseen demand shocks. 

• Q: By how much do offset markets need to increase sequestration in order to ensure 
additionality after a change in prices?  

• Is this amount sensitive to changes in southwide harvest deferrals? 
 

 

Presenter Notes
Presentation Notes
Instead of using “course regional averages” to approve offset projects, a criteria to understand the needed additional storage across a broad region is still lacking. We seek to use an economic model to develop a better understanding of how much offset sequestration needs to be approved to counteract over-crediting problems attributable to changes in market dynamics (i.e. relative prices, demand, or offset markets themselves). 



What Role Can Economic Models Play?  

• Assume the current 
price state is:  

• PPW - $10/ton 
• PST - $24/ton 
• HPW - $11/ton  
• HST - $33/ton 



Conceptual Framework  

Multi-product markets from pine systems, deferred harvests, and carbon 
sequestration  
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𝐶𝐶𝑡𝑡,𝑃𝑃𝑃𝑃𝑃𝑃
∗  𝐶𝐶𝑡𝑡+𝑠𝑠,𝑃𝑃𝑃𝑃𝑃𝑃

∗  𝑅𝑅 
𝑅𝑅 

𝑃𝑃𝑡𝑡,𝑃𝑃𝑃𝑃𝑃𝑃
∗  

𝑆𝑆 

𝐷𝐷 

𝑄𝑄𝑡𝑡  
𝑄𝑄𝑡𝑡,𝑂𝑂𝑂𝑂𝑂𝑂
∗  

𝐷𝐷𝐷 

𝐶𝐶𝑡𝑡,𝑃𝑃𝑃𝑃𝑃𝑃
∗∗  

𝑆𝑆𝐷 

𝑅𝑅𝐷 
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PPW Market PST Market 
𝑃𝑃𝑡𝑡 𝑃𝑃𝑡𝑡+𝑠𝑠 Deferred Harvest Market 
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Methods:  
• Bio-economic model of timber 

markets in the US South   
• Sub-Regional Timber Supply 

Model (SRTS)  
• Captures inter-dependencies 

between markets, forest 
growth/harvest dynamics and 
land use change  

 



Roundwood Product Definitions (.PRD) 



SRTS Overview  

• Partial equilibrium model of the 
southern US forest sector  

• Dynamic supply defined by subregion 
(i), product type (j), ownership (o) and 
year (t) 

Growing stock 
volume 

Prices 



Review: SRTS Goal Programming Problem 

Subject to: 

𝜇𝜇𝑗𝑗 ≥ 0, 𝜂𝜂𝑗𝑗 ≥ 0, 𝑠𝑠𝑔𝑔𝑔𝑔1 ≥ 0, 𝑠𝑠𝑔𝑔𝑔𝑔2 ≥ 0, 𝑥𝑥𝑔𝑔𝑔𝑔 ≥ 0 

Volume of product j 
by management 

type and age class 



Representation of Deferred Harvest in SRTS  
(.PW file construction for Illustrative case) 

• No Offset MKT w/ Constant PPW Demand (Baseline scenario: “CONST-BASE”):  
• 𝑊𝑊𝑃𝑃𝑃𝑃𝑃𝑃 = 1,000;𝑊𝑊𝑃𝑃𝑃𝑃𝑃𝑃 = 1,000 

 
• Offset MKT Activity w/ Constant PPW Demand (“CONST-CARB”):  

• 𝑊𝑊𝑃𝑃𝑃𝑃𝑃𝑃 = 1;𝑊𝑊𝑃𝑃𝑃𝑃𝑃𝑃 = 100,000 
 

• No Offset MKT Activity w/ Falling PPW Demand of -3%/yr. (“SHIFT-BASE”):  
• 𝑊𝑊𝑃𝑃𝑃𝑃𝑃𝑃 = 1,000;𝑊𝑊𝑃𝑃𝑃𝑃𝑃𝑃 = 1,000 

 
• Offset MKT Activity w/ Falling PPW Demand of -3%/yr. (“SHIFT-CARB”):  

• 𝑊𝑊𝑃𝑃𝑃𝑃𝑃𝑃 = 1;𝑊𝑊𝑃𝑃𝑃𝑃𝑃𝑃 = 100,000 





Percent of Harvest above or below the southwide 
competitive equilibrium 





Projected Pct. Point Diff in the effects of Offset MKT on removals of Pine 
Plantation Inventory by Age Class across constant and falling PPW demand 
scenarios 



Key Takeaways at this point…  

• Market conditions and carbon offset activity itself impacts carbon sequestration  
• Deferred harvest contracts could continue to rely on empirical determinations of 

eligibility  
• BUT… Markets matter & Path dependency matters  

• Additionality criteria need to reflect market dynamics  
• Additionality criteria need to reflect the effects of existing deferrals on future baseline carbon 

sequestration rates  
• When informed by price dynamics, “coarse regional averages”, can still be useful for setting 

sequestration targets to avoid over-crediting problems.  
• Proof of concept to follow…  



Alternative Scenario Design 
(Forest Sector Pathways & SRTS Batch Mode) 



• 5 macroeconomic scenarios 
• SSP1 – “Sustainability” (greater utilization of renewable/cleaner energy, moderate economic growth) 
• SSP2 – “Middle-of-the-Road” (business-as-usual macro development, moderate economic growth) 
• SSP3 – “Regional Rivalry” (protectionism, limited international trade, low economic growth) 
• SSP4 – “Inequality” (income/wealth inequality, low to negative on economic growth) 
• SSP5 – “Fossil-fueled Development” (higher use of fossil-fuels, higher economic growth) 

 
• Projections of exogenous macro conditions from the IIASA (SSP data from 2020-2070): 

• Real global GDP per capita  
• Income Inequality (U.S. Gini Index) 
• U.S. Housing starts (data courtesy of Dr. Jeff Prestemon, USFS) 

Shared Socioeconomic Pathways (SSPs) 



Global Real GDP per Capita  
(𝑅𝑅𝑅𝑅𝐷𝐷𝑃𝑃𝐶𝐶𝑅𝑅𝑃𝑃𝑡𝑡) 



U.S. Housing Starts (Single + Multi-family)  
(𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆𝑇𝑇𝑡𝑡) 



U.S. Income Inequality 
(𝑅𝑅𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡) 



Conditional roundwood consumption forecasts  
by product: Non-structural VAR model 

Presenter Notes
Presentation Notes
3 alternative specifications: one with constant term only (which produces a relatively flatter demand). One with a trend term only (which produces a larger and rising demand). And One with both terms included (this is the unbiased specification which produces lower and/or falling demand pathways). 



Non-structural VAR Model Results  
Nonstructural VAR Model Results (Annual Data, 1990-2020) 

Equation: 
 

∆ ln𝑄𝑄𝑃𝑃𝑃𝑃𝑊𝑊 ,𝑡𝑡
𝐷𝐷  ∆ ln𝑄𝑄𝑃𝑃𝑆𝑆𝑇𝑇 ,𝑡𝑡

𝐷𝐷  ∆ ln𝑄𝑄𝐻𝐻𝑃𝑃𝑊𝑊 ,𝑡𝑡
𝐷𝐷  ∆ ln𝑄𝑄𝐻𝐻𝑆𝑆𝑇𝑇 ,𝑡𝑡

𝐷𝐷  

constant 0.06 
(0.10) 

0.05 
(0.09) 

0.00 
(0.07) 

-0.06 
(0.06) 

∆ ln𝑄𝑄𝑃𝑃𝑃𝑃𝑊𝑊 ,𝑡𝑡−1
𝐷𝐷  0.48 

(0.57) 
0.40 

(0.56) 
0.30 

(0.41) 
0.11 

(0.38) 
∆ ln𝑄𝑄𝑃𝑃𝑆𝑆𝑇𝑇 ,𝑡𝑡−1

𝐷𝐷  -0.57 
(1.01) 

-0.47 
(1.00) 

-0.75 
(0.72) 

0.24 
(0.68) 

∆ ln𝑄𝑄𝐻𝐻𝑃𝑃𝑊𝑊 ,𝑡𝑡−1
𝐷𝐷  -0.03 

(0.63) 
0.17 

(0.62) 
0.05 

(0.45) 
-0.26 
(0.42) 

∆ ln𝑄𝑄𝐻𝐻𝑆𝑆𝑇𝑇 ,𝑡𝑡−1
𝐷𝐷  0.60 

(0.65) 
0.55 

(0.64) 
1.04** 
(0.47) 

0.02 
(0.44) 

∆ ln𝑅𝑅𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡  -2.43 
(2.79) 

-3.47 
(2.76) 

-2.34 
(2.00) 

-2.21 
(1.88) 

∆ ln𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆𝑇𝑇𝑡𝑡  0.19 
(0.25) 

0.50* 
(0.25) 

0.40** 
(0.18) 

0.46** 
(0.17) 

∆ ln𝑅𝑅𝑅𝑅𝐷𝐷𝑃𝑃𝐶𝐶𝑅𝑅𝑃𝑃𝑡𝑡  -1.18 
2.73) 

0.09 
(2.69) 

0.54 
(1.96) 

0.09 
(1.83) 

𝑡𝑡 -0.00 
(<0.01) 

-0.00 
(<0.01) 

0.00 
(<0.01) 

0.00 
(<0.01) 

Obs. 31 31 31 31 
𝑅𝑅2 0.10 0.30 0.43 0.35 
𝑅𝑅𝑎𝑎2 -0.23 0.03 0.21 0.10 

Wald F*(8,21)= 
0.96 

F*(8,21)= 
1.10 

F*(8,21)= 
1.96 

F*(8,21)= 
1.40 

 

*p<0.1, **p<0.05, ***p<0.01 
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These are loose-fitting regressions, so we will proceed with caution. 



Demand Forecasts by Product Type (.PRJ) 
(Softwood) 



Demand Forecasts by Product Type (.PRJ) 
(Hardwood) 



Forest Sector Pathways (FSPs) – SRTS parameterization 
• FSP1 (“Sustainability”): SSP1 roundwood demand forecast + SSP1 L.U.C. coefficients 

• No carbon fertilization (PMAP Growth OFF) 
• PST Resid to PPW: 35% 
• Cull Factors: 25% (PST), 25% (HST)  

• FSP2 (“Business-as-Usual”): SSP2 roundwood demand forecast + SSP2 L.U.C. coefficients 
• Carbon Fertilization (RCP 4.5) 
• PST Resid to PPW: 30% 
• Cull Factors: 25% (PST), 25% (HST) 

• FSP3 (“Regional Rivalry”): SSP3 roundwood demand forecast + SSP3 L.U.C. coefficients 
• Carbon Fertilization (RCP 4.5) 
• PST Resid to PPW: 25% 
• Cull Factors: 20% (PST), 20% (HST) 

• FSP4 (“Inequality”): SSP4 roundwood demand forecast + SSP4 L.U.C. coefficients 
• Carbon Fertilization (RCP 4.5) 
• PST Resid to PPW: 30% 
• Cull Factors: 20% (PST), 20% (HST) 

• FSP5 (“Fossil-fueled Development”): SSP5 roundwood demand forecast + SSP5 L.U.C. coefficients 
• Carbon Fertilization (RCP 8.5) 
• PST Resid to PPW: 30% 
• Cull Factors: 25% (PST), 25% (HST) 



Representation of Deferred Harvest in SRTS  
(.PW file construction) 

• No Offset MKT (Baseline): 𝑊𝑊𝑃𝑃𝑃𝑃𝑃𝑃 = 1,000;𝑊𝑊𝑃𝑃𝑃𝑃𝑃𝑃 = 1,000 
 

• Low Offset MKT Activity: 𝑊𝑊𝑃𝑃𝑃𝑃𝑃𝑃 = 100;𝑊𝑊𝑃𝑃𝑃𝑃𝑃𝑃 = 10,000 
 

• Medium Offset MKT Activity: 𝑊𝑊𝑃𝑃𝑃𝑃𝑃𝑃 = 10;𝑊𝑊𝑃𝑃𝑃𝑃𝑃𝑃 = 100,000 
 

• High Offset MKT Activity: 𝑊𝑊𝑃𝑃𝑃𝑃𝑃𝑃 = 1;𝑊𝑊𝑃𝑃𝑃𝑃𝑃𝑃 = 1,000,000 



Results – Pulpwood Harvests 
(FSP1 – “Sustainability”) 



Results – Pulpwood Harvests 
(FSP2 – “Business-as-Usual”) 



Results – Pulpwood Harvests 
(FSP3 – “Regional Rivalry”) 



Results – Pulpwood Harvests 
(FSP4 – “Inequality”) 



Results – Pulpwood Harvests 
(FSP5 – “Fossil-fueled Development”) 













Results – Above-Ground Carbon Storage (FSP1) 



Results – Above-Ground Carbon Storage (FSP2) 



Results – Above-Ground Carbon Storage (FSP3) 



Results – Above-Ground Carbon Storage (FSP4) 



Results – Above-Ground Carbon Storage (FSP5) 



Results – Above-Ground Carbon Storage 
(FSP2trend – Falling/Low Demand) 

Presenter Notes
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Ignoring the 50+ age class. 



Results – Above-Ground Carbon Storage 
(FSP2trend – Constant/Flat Demand) 

Presenter Notes
Presentation Notes
Ignoring the 50+ age class. 



Results – Above-Ground Carbon Storage 
(FSP2trend – Rising/High Demand) 

Presenter Notes
Presentation Notes
Ignoring the 50+ age class. 



Offset Broker’s Reaction Curve 

• Multiple Linear Regression model w/ SRTS output data from 60 scenarios (annual, region-level data for each 
projection).  
 

𝐶𝐶 = 𝑓𝑓 𝑃𝑃𝑃𝑃,𝑃𝑃𝐻𝐻 ,𝐷𝐷𝐷𝐷𝐹𝐹𝑃𝑃𝑃𝑃𝑃𝑃 ,𝑌𝑌𝑅𝑅,𝑅𝑅𝑅𝑅,𝐻𝐻𝑊𝑊,𝑃𝑃𝐶𝐶𝑇𝑇𝐶𝐶𝐻𝐻𝑃𝑃𝑃𝑃,𝑃𝑃𝑆𝑆𝑇𝑇𝑅𝑅𝐷𝐷𝑆𝑆𝐺𝐺𝐷𝐷,𝑃𝑃𝑃𝑃𝑅𝑅𝑃𝑃,𝑅𝑅𝑅𝑅𝐷𝐷𝑃𝑃𝐶𝐶𝑅𝑅𝑃𝑃,𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆𝑇𝑇,𝑅𝑅𝐺𝐺𝐺𝐺𝐺𝐺 + 𝜀𝜀 

𝜕𝜕�̂�𝐶
𝜕𝜕𝑃𝑃𝑃𝑃

=
�̂�𝛽1 + �̂�𝛽2 ln𝑃𝑃𝐻𝐻 ∗ 𝑌𝑌𝑅𝑅 + �̂�𝛽3 ln𝑃𝑃𝐻𝐻 ∗ 𝑌𝑌𝑅𝑅2 + �̂�𝛽4 ln𝐷𝐷𝐷𝐷𝐹𝐹𝑃𝑃𝑃𝑃𝑃𝑃 + �̂�𝛽5 ln𝑃𝑃𝐻𝐻 + �̂�𝛽6 ln𝑃𝑃𝐻𝐻 ∗ 𝑌𝑌𝑅𝑅 ∗ 1 𝑅𝑅𝑅𝑅 = 4 + �̂�𝛽7 ln𝑃𝑃𝐻𝐻 ∗ 𝑌𝑌𝑅𝑅2 ∗ 1 𝑅𝑅𝑅𝑅 = 4

𝑃𝑃𝑃𝑃
 



Offset Broker’s Reaction Curve for AL-WCtrl Region  
(Year 2023, w/ Southwide PPW Harvest Deferrals of 125,000 MCF)  

(~5% of Annual Southwide PPW Removals) 
• Assume the current price 

state is:  
• PPW - $10/ton 
• PST - $24/ton 
• HPW - $11/ton  
• HST - $33/ton 
• Expected southwide 

sequestration of 
~11million tC02e 
 
 

• Move from $10 to $9 would 
require an additional 
333,456 Metric Tons of 
Above Ground Storage (or 
1.22 million tCO2e) 
 



Offset Broker’s Reaction Curve for AL-WCtrl Region  
(Year 2023 – w/ Southwide PPW Harvest Deferrals of 250,000 MCF)  

(~10% of Annual Southwide PPW Removals) 
• Assume the current price 

state is:  
• PPW - $10/ton 
• PST - $24/ton 
• HPW - $11/ton  
• HST - $33/ton 
• Expected southwide 

sequestration of 
~11million tC02e 

 
• Move from $10 to $9 would 

require an additional 
475,938 Metric Tons of 
Above Ground Storage (or 
1.74 million tCO2e) 



Offset Broker’s Reaction Curve for AL-WCtrl Region  
(Year 2030 – w/ Southwide PPW Harvest Deferrals of 250,000 MCF)  

(~10% of Annual Southwide PPW Removals) 
• Assume the current price 

state is:  
• PPW - $10/ton 
• PST - $24/ton 
• HPW - $11/ton  
• HST - $33/ton 
• Expected southwide 

sequestration of 
~12.3million tC02e 

 
• Move from $10 to $9 would 

require an additional 
371,170 Metric Tons of 
Above Ground Storage (or 
1.36 million tCO2e) 



Quantifying Additionality via the   
Risk of Above-ground Carbon Loss 
(coefficient of variation) 

• St. Dev. of C stored across age classes in year 2023 divided by the average level of C storage 
across age classes in year 2023 (FSP2both_0).  



Quantifying Additionality via the   
Risk of Above-ground Carbon Loss 
(coefficient of variation) 

• St. Dev. of C stored across age classes in year 2023 divided by the average level of C storage 
across age classes in year 2023 (FSP2both_1).  



Quantifying Additionality via the   
Risk of Above-ground Carbon Loss 
(coefficient of variation) 

• St. Dev. of C stored across age classes in year 2023 divided by the average level of C storage 
across age classes in year 2023 (FSP2both_2).  



Quantifying Additionality via the   
Risk of Above-ground Carbon Loss 
(coefficient of variation) 

• St. Dev. of C stored across age classes in year 2023 divided by the average level of C storage 
across age classes in year 2023 (FSP2both_3).  



Next Steps 

• More work is needed to understand how product weights relate to harvest 
deferrals in SRTS. 

• Land rents informed by income from carbon sequestration. 
• Refinement of regression equation used to estimate C storage. 
• Forest growth uncertainty. 
• Intra-regional Leakage and basin-level product weights. 

Presenter Notes
Presentation Notes
Uncertainty over choke prices, price-contingent sequestration programs. Bayesian Model-averaging. There was a recent symposium on “Climate Change: Implication for Macroeconomics” where Lars Peter Hansen discussed the effects of climate uncertainty on the development of reliable climate policy. There is currently considerable divergence across the predictions of climate models (and economic models based off of these predictions), and it is not clear how we should weigh these various models to get a probability distribution over our estimates (of storage/sequestration/roundwood demand etc.). While an analysts model uncertainty can be remedied by Bayesian Model averaging, it is difficult to develop informed priors about which state of the world we are more or less likely to fall in. This limits our ability to refine a set of monte carlo results from a suite of SRTS projections, and develop a single or most likely estimate of some future projected value of interest. A further direction for future research is already underway – we are currently designing scenarios to evaluate the potential for offset programs in one region to trigger additional harvesting activity in other regions across the south. This “leakage” can potentially render offset programs ineffective at the southwide level as deferred harvest sin one region are met with supplemental harvests in another region. The net effects of an offset program targeted in one region are uncertain and depend on demand trajectories, relative inventories, and the dynamic effects of offset market activity on inventory growth. 
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