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Outline

• Introduction 
• Part 1: Methods Refresher
• Part 2: Full Landscape Results w/Q&A
• Part 3: Climate Change Results w/Q&A 
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Study Objective

“Support the Work Group in examining relationship 
between forest management and carbon in DNR-

managed forests”

3

Presenter Notes
Presentation Notes
-ESSA’s study objective



Study Objective

“Support the Work Group in examining relationship 
between forest management and carbon in DNR-

managed forests”
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How much carbon in DNR managed forests 
under different management scenarios?

Presenter Notes
Presentation Notes
ESSA’s study objective
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Today’s 
Focus

Presenter Notes
Presentation Notes
-Reminder of the process & today’s focus, plus linkages to Wood Basket Analysis by Evergreen



Modeling phases
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F M A M J J A S O N D J F M A M J
Phase 1 - Modeling

Phase 2 - Refinement & 
Finalization

ESSA data preparation, model 
setup, and modeling of 

scenarios

ESSA refinement 
of modeling and 
final reporting

WE ARE 
HERE

Presenter Notes
Presentation Notes
-Reminder of project timeline for ESSA component



Adopted Scenarios
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Presenter Notes
Presentation Notes
-Reminder of Adopted Scenarios and Adopted Scenarios Doc (audience should keep on hand during presentation)



Part 1: Methods Refresher
see also 

https://www.dnr.wa.gov/publications/bc_cfm_m6_model_ppt.pdf

https://www.dnr.wa.gov/publications/bc_cfm_m6_model_ppt.pdf


Basic model process
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Stand 
Initialization Simulation

• Growth 
• Carbon fluxes
• Disturbance
• Harvest
• Silviculture

Prepare 
Inputs

MODELING RESULTSPREPARATION

Outputs and 
Post-processing

Preparation 
data icon by 
monkik

Presenter Notes
Presentation Notes
PREPARE INPUTHigh-level overview of the model process using the Forest Vegetation Simulator (or FVS)For a simple run, we can divide it into 3 main phases: preparation, modeling and resultsWe start by preparing inputs for the model which include stand-level information (like age, slope, site index, etc.), tree-level information (like trees per acre, species, diameter, etc.), disturbance rates, climate change parameters (if applicable), and keywords, which specify how the model runs and which actions it appliesSTAND INITIALIZATIONNext, the model initializes the stand based on the information we give it and grows all the trees to a common starting year. We need to do this because our inventory data was not all measured in the same year.SIMULATIONThen the simulation begins, and the model projects the growth of the trees, carbon fluxes, natural disturbances, harvests, and other silvicultural practices over the next 100 years, based on the scenario-specific settings we’ve provided itOUTPUTS & POST-PROCESSINGOutputs are fed out into a database which we can then feed into Quality Assurance and Data Visualization proceduresWe’re now at the end of our main modelling phase and will be presenting our preliminary results in the following sections of this presentationAs we continue to refine and revise the results using your feedback, we will iterate back through this basic model process, making adjustments as needed in the preparation phase



Forest Inventory
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Database for 
FVS

Tree 
Table

Stand 
TableField 

data

Large data 
overlay

+

Spatial processing happens outside FVS

Presenter Notes
Presentation Notes
To start, we generated input data to be read into FVS by combining DNR field data and the DNR Large Data Overlay to create two tables, one which held stand-level information including age, site class, etc., and another which held tree-level information, such as species, height and diameter for every tree in each of the stands. These tables were placed into a single database which FVS could read in and use.
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Forest stand 
mapping (DNR): 
ecological attributes 
and land 
management 
classes

Spatial Units: What is a “Stand” in FVS?

Field plots data 
(DNR): trees and 
woody debris

+

Final model 
input

=

Presenter Notes
Presentation Notes
-   Stands are the most basic modeling unit being used in this analysis-   A stand is a relatively homogenous area of forest that is useful to map for management and analysis. To characterize each of the stands in our analysis, we used DNR field plot data including tree and woody debris informationThese field plots were represented as points (shown in red) on a map which were assigned to stands in the DNR large data overlay (shown in green). These large data overlay stands also come with ecological attributes and land management classes provided by DNR.Finally, all of this was rolled up into a final model input database for FVS to recognize and read.



Spatial Units: Landscape
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Presenter Notes
Presentation Notes
-Even though individual stands are what gets run through FVS, all of this information needs to be assessed and rolled up at a landscape level.-Our study area was limited to the large data overlay stands provided by DNR.-This included all uplands, riparian areas, deferred areas and GEM lands managed by DNR west of the Cascades.



Output Units
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Live/dead forest 
biomass 

MtCO2e

Harvested 
wood products

MtCO2e

Total stored carbon
CO2 equivalent 
(CO2e) is the metric 
used to compare and 
report on the impact 
of greenhouse gases 
on global warming 
via a common scale

1 mega ton (Mt) Carbon x 
3.67 = 1 Mt CO2e

Presenter Notes
Presentation Notes
When talking about carbon and harvested wood products, we’ll also be breaking down our results into 3 main metrics that can be distilled from the FVS outputs.Those are: live and dead forest biomass…And harvested wood products.Where the forest biomass and harvested wood products pools both comprise the total stored carbon, measured in mega tons of Co2 equivalents.We use CO2 equivalents to help compare and report on the impact of greenhouse gases on global warming via a common scaleTo convert between the mass of carbon and CO2 equivalents, we use a multiplier of 3.67(photos from Ira Sutherland with permission to use)



Output Units
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Live/dead forest 
biomass 

MtCO2e

Harvested 
wood products

MtCO2e

Total stored carbon

Harvested 
merchantable 
timber volume

MBF

Presenter Notes
Presentation Notes
And finally, the harvested merchantable timber volume, measured in thousands of board feet, will also be reported as a metric in this analysis.(photos from Ira Sutherland with permission to use)



Performance Metric
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Scenario performance metric: 
Mean of total MtCO2e across simulation time steps

(100 years) 2024 2124 

Scenario x

Presenter Notes
Presentation Notes
- This is the main performance metric we’re using today. The main reason for using the mean is that, until an even flow of timber harvest is applied via stop restart, the change in carbon is somewhat up and down. Taking the mean works around that variability. - The change metric that we present later is the change from baseline 2024 to the mean across simulation time steps.



Performance Metric
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Scenario performance metric: 
Mean of total MtCO2e across simulation time steps

(100 years) 2024 2124 

Carbon benefit

Scenario x

Presenter Notes
Presentation Notes
- Our main goal here is to estimate the total carbon benefit across the full study time horizon, or the area under the curve.



Performance Metric
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Scenario performance metric: 
Mean of total MtCO2e across simulation time steps

(100 years) 2024 2124 

Mean

Scenario x

Presenter Notes
Presentation Notes
- We approximate that by taking the mean of the total metric tons of Co2 equivalents in each simulation time step.



Performance Metric
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Scenario performance metric: 
% difference in mean of total MtCO2e across simulation time steps

Presenter Notes
Presentation Notes
- Here we can see a hypothetical comparison of the mean total tCO2e for different scenarios compared to our current practices case in grey. 



Performance Metric
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Scenario performance metric: 
% difference in mean of total MtCO2e across simulation time steps

Presenter Notes
Presentation Notes
- And we will present the relative change (expressed as a percent) in the mean of total tCO2e relative to this current practices case.



Temporal Units
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Time Steps Time Horizon

100

Years

Presenter Notes
Presentation Notes
- As a reminder of our temporal units, we’re running FVS for a total of 100 years using 5-year timesteps.



Carbon Dynamics
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Above ground biomass

Below ground biomass

Mineral Soil

Live biomass

Snags

Debris/Litter

Roots

Decomposition

Dead Organic Matter

Presenter Notes
Presentation Notes
Within each of the 5-year timesteps, FVS accounts for carbon fluxes between different aboveground and belowground carbon pools.For example, live trees die and become snags in the dead aboveground biomass pool.Downed woody debris decomposes at a certain rate to become dead organic matter.Disturbances, harvesting and decomposition also emit carbon into the atmosphere.��



Natural Disturbance
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Photo Credit: Bureau of Land Management Oregon and Washington

• Wildfire, insect mortality, drought, 
blowdown 

• Calculated from historical data 
• Fire rates increase with climate change 
• Disaggregated by county

Presenter Notes
Presentation Notes
-  We’ve modeled natural disturbances in FVS using custom calculated disturbance rates.-The natural disturbances we’ve modelled in FVS include wildfire (expressed as fixed annual mortality rate), insect mortality (based on % basal area loss data), drought, and blowdown or wind disturbance.-These disturbances are calculated from historical datasetsThe fire rates were ramped up over time (based on data from Dye et al., 2024) in the climate change scenarios to simulate predicted increases in area burned with climate change. We did this on top of modeling species viability with climate-FVS since climate-FVS does not explicitly account for changes in disturbance rates or tree mortality due to fire, and simply looks at species viability with shifting climate envelopes.We assume that other disturbances such as drought have already impacted species viability and distributions on this landscape, making it more likely for us to double count if we adjusted those ratesAlternatively, fire severity and ignition are expected to increase with climate change, so the historic contribution of fire to species suitability is no longer enough to explain and predict the futureTo account for this, we increased fire disturbance rates outside of climate-FVS to make that impact more severe and correct what can’t be captured using historic species distributionsDye, A. W., Reilly, M. J., McEvoy, A., Lemons, R., Riley, K. L., Kim, J. B., & Kerns, B. K. (2024). Simulated future shifts in wildfire regimes in moist forests of Pacific Northwest, USA. Journal of Geophysical Research: Biogeosciences, 129(2), e2023JG007722.-  All disturbance rates were calculated on a per-county basis to account for spatial variability.



Climate Change
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• 17 GCM ensemble

• Increased wildfire

Presenter Notes
Presentation Notes
To simulate climate change we’re feeding climate-FVS species viability data generated by Virginia Tech for all stands using a 17-GCM ensemble and RCP4.5As a reminder, RCP4.5 is a moderate global emissions scenario, represented by the blue line on this graph.Increased wildfire predictions were also associated with the RCP4.5 emissions scenario.But we’ll touch more on this scenario and the mechanics of climate-FVS later on in this presentation.
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ESSA Innovations

• Custom Management Actions: Couldn’t do pre-
commercial thinning, commercial thinning or site 
preparation without teaching FVS new tricks

• Need for Speed: Couldn’t run the model over all stands 
and still meet project timeline 

Presenter Notes
Presentation Notes
For this phase, ESSA introduced several innovations to customize the application of FVS to this project.The driving forces for these innovations included the need to customize specific management actions at the landscape level including pre-commercial thinning, commercial thinning and site treatment.As well as the need for speed, where we needed to make improvements to vastly speed up run times due to the size of our dataset, in order to achieve major project milestones.
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ESSA Innovations

Landscape-
level 
models

FVS 
(Stand-
level)

Our 
Modeling 

Needs

Our modeling needs were a hybrid between landscape-
level modeling and FVS’s stand-level capabilities

Presenter Notes
Presentation Notes
A major hurdle was that our modeling needs were a hybrid between forest estate/landscape-level modeling and base-level FVS capabilities. ESSA selected FVS for multiple reasons:DNR and the WG wanted an IPCC tier 3 carbon modelESSA had recommended FVS over CBM given the working group’s interest in detailed stand level silvicultural actions, such as thinning, and how scenarios would be affected under climate change. Also, this created consistency with the work of Evergreen, who were also using FVS. But this required innovating around several limitations. 
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ESSA Innovations

Landscape-level Models FVS

Landscapes (forest cover)
Generalized growth/yield curves

Harvest even flow at landscape

Stands (plot data)
Not curve dependent

uses site characteristics and stand 
history to predict growth

Harvest based on stand triggers
 

Our Modeling Needs

Stand and landscapes

Presenter Notes
Presentation Notes
Forest estate models see at the landscape level, while FVS is typically used at the stand-level. FVS models the growth of individual stands but encounters computing challenges and lacks a built-in functionality to scale those dynamics up to entire landscapes. Scaling FVS from individual stands to the 1.5 million acre study area was a key challenge in this study. 
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ESSA Innovations

Landscape-level Models FVS

Landscapes (forest cover)
Generalized growth/yield curves

Harvest even flow at landscape

Stands (plot data)
Not curve dependent

uses site characteristics and stand 
history to predict growth

Harvest based on stand triggers
 

Stand and landscapes
Tree growth across diverse sites, silvicultural 
treatments, and stand histories

Our Modeling Needs

Presenter Notes
Presentation Notes
CBM and most forest estate models take in a full inventory but then apply a restricted number of yield curves.FVS is not dependent on pre-prepared yield curves. It simulates its own yield curves using site characteristics such as species composition, site influences (e.g., site index, carrying capacity (max SDI), and slope/elevation), and stand history such as past thinning or retention of large trees during stand replacement harvest. 
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ESSA Innovations

Landscape-level Models FVS

Landscapes (forest cover)
Generalized growth/yield curves

Harvest even flow at landscape

Stands (plot data)
Not curve dependent

uses site characteristics and stand 
history to predict growth

Harvest based on stand triggers
 

Stand and landscapes
Tree growth across diverse sites, silvicultural 
treatments, and stand histories
Teach FVS to harvest even flow at landscape

FVS 
challenges

Our Modeling Needs

Presenter Notes
Presentation Notes
CBM and most forest estate / landscape-level models have built in methods to constrain annual timber harvests to achieve an even flow of timber through time. FVS’s default behavior is to harvest based only on stand level triggers without considering the landscape, so we had to teach it this new trick.  
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ESSA Innovations

Many thanks to:
• Lance David
• Nick Crookston
• Erin Smith-Mateja

In addition to our own
Don Robinson who worked 
closely with these folks

Presenter Notes
Presentation Notes
Bringing the capabilities of forest estate modeling to FVS through stop-restart and making source code changes to allow for the cutting-edge nature of this work would not have been possible without the incredible and dedicated FVS developers at the US Forest ServiceWe want to pause to thank Lance David, Nick Crookston, Erin Smith-Mateja and our own Don Robinson for making these innovations possible
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ESSA Innovations

Problem Solution

Custom Management 
Actions

• Stop-restart Functionality

Need for Speed • Cloud Computing & Parallel 
Processing

• Clustering Stands for Speed

Presenter Notes
Presentation Notes
In the next section we’ll talk about 3 innovations we’ve made to address our two main problems.First, the need for custom management actions which was addressed by advanced stop-restart functionality.And second, the need for speed, which was addressed by cloud computing & parallel processing, as well as stand clustering.
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ESSA Innovations: “Stop-Restart” Functionality

ELIGIBLE ELIGIBLE

ELIGIBLE

NOT ELIGIBLE

WITHOUT STOP-RESTART

Presenter Notes
Presentation Notes
Stop-restart addresses the need for custom management actions applied at the landscape level.It’s the tool that allows us to add the landscape-level seeing from the forest estate modeling to FVS.To demonstrate the utility of this, this is a case where we don’t use stop-restart, and only look at harvesting, although this is also applicable to pre-commercial thinning, commercial thinning and other silviculture actions.The model starts off by evaluating harvest eligibility at the stand-level using the number of board feet in the stand.
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ESSA Innovations: “Stop-Restart” Functionality

ELIGIBLE ELIGIBLE

ELIGIBLE

NOT ELIGIBLE

WITHOUT STOP-RESTART

Presenter Notes
Presentation Notes
Then it cuts everything that’s eligible, indiscriminately.In reality, this would not occur due to resource limitations and other constraints and targets.
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ESSA Innovations: “Stop-Restart” Functionality

ELIGIBLE ELIGIBLE

ELIGIBLE

NOT ELIGIBLE

WITH STOP-RESTART

Presenter Notes
Presentation Notes
- In a case where stop restart is used, the model stops after the eligibility evaluation step in each cycle
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ESSA Innovations: “Stop-Restart” Functionality

ELIGIBLE ELIGIBLE

ELIGIBLE

NOT ELIGIBLE

WITH STOP-RESTART

Presenter Notes
Presentation Notes
It then looks across the entire landscape, and harvests up to a target that you provide it, rather than harvesting everything that’s eligible.It can also break up stands and harvest only part of a stand to achieve the target.The model then starts up again and models growth for the next cycle, and repeats the grow-stop-harvest-restart process until the end of the simulation.Using this method, we’re able to control the level of pre-commercial and commercial thinning, harvesting, and site preparation done in each scenario. If we didn’t have stop-restart, we would not have the landscape-level control needed to model the work group scenarios as described in the adopted scenarios document.



Extra Methods Detail to 
Support Working Group Review 

of Slide Deck



Yield Target Implementation using Stop-Restart

• The yield target is based on the historical 
harvest 2013-2023 on a county-level basis 

• The yield target is the same across all 
scenarios 

• The simulated yield is the amount of volume 
estimated by FVS model simulations

• The simulated yield can only be equal to or 
less than the yield target. It cannot exceed 

36



Commercial Thinning Implementation using Stop-Restart

• A commercial thin (CT) removes 30% of basal area 
starting with the smallest trees first

• In each 5-year time step, we identify the stands with 
MBF > commercial thinning threshold

• Next, we identify the volume available in these stands  
• Next, we identify which stands to commercially thin first 

up to:
– 4% of eligible area per 5-year time step (based on the historical 

rate of CT) for scenarios that don’t include significantly 
increased thinning

– 100% of eligible area for significantly increased thinning 
scenarios 

• In both cases, we sort the stands and select the stands 
with highest trees per acre to thin first 

37

Presenter Notes
Presentation Notes
Definitions: Commercial thinning – A forest harvesting operation where trees have reached merchantable size, and all or part of the felled trees are extracted for commercial purposes. Pre-commercial thinning - cuttings made in immature stands with the objective of reducing stand density in order to stimulate the growth of the remaining trees. The trees are not removed for commercial purposes. 



Stand Replacement Harvest Implementation using Stop-Restart

• A stand replacement harvest removes all trees in a stand except 
for eight large leave trees

• The amount of total simulated yield is limited to not exceed the 
historical harvest (2013-2023) per county
– This prevents FVS from harvesting all eligible stands in the first 5-year time step

• We calculate the remaining unmet yield (historical yield minus yield 
from commercial thinning)
– Increased commercial thinning can thus lead to reduced stand replacement harvest

• We identify eligible stands as those with MBF > stand replacement 
harvest threshold
– Eligible stands can also be those with an age  > 80 in site class 3 or > 90 in site class 4 for 

scenarios 6 and 7

• Next, we sort eligible stands and select the stands with highest 
MBF to harvest first

• We harvest eligible stands as needed to obtain the yield not yet 
met by commercial thinning
– The model may not find enough volume to meet county level targets 38



Site Preparation Implementation using Stop-Restart 

• Site preparation enhances seedling survival and 
growth through removal of competing vegetation 
– Modeled as a 63% increase in volume after 10 years 

(Rose et al. 2006)

• Stands that are < 10 years old are eligible for site 
preparation
– In enhanced silviculture scenarios, site prep can occur on 

100% of eligible stands vs. only 75% in all other 
scenarios 

– We sort the stands and select those with highest trees 
per acre to apply site preparation 

39

Presenter Notes
Presentation Notes
References Rose, R., Rosner, L.S. and Ketchum, J.S., 2006. Twelfth-year response of Douglas-fir to area of weed control and herbaceous versus woody weed control treatments. Canadian Journal of Forest Research, 36(10), pp.2464-2473.



Seedling Improvements (Stop-Restart not Required)

• Seedling improvements are a growth boost that 
results from planting seedlings bred for improved 
growth 
– Modeled as a 2% increase in volume in the first ten years 

of stand growth

• In the enhanced silviculture scenarios, all stands 
are planted with improved seedlings 

• Improved seedling growth boost is additional to 
that from site preparation where site preparation 
was applied 

40



End of Extra Methods Detail 
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ESSA Innovations: Cloud Computing and Parallelization of FVS

100 virtual 
computers

Presenter Notes
Presentation Notes
The caveat of stop-restart is that it takes more computing power and storage than a regular model run.To run everything in the time we needed to turn to cloud computing and parallel processing.We used Amazon Web Services to generate 100 virtual computers working at once to run these simulations.Each computer was small with only 17 GB of RAM and 150 GB of storage, but they provided enough power at a reasonable cost.-   This army of virtual computers sped up our run times significantly, and allowed us to bring results to you today which have been through multiple rounds of QA.
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ESSA Innovations: Clustering Stands for Speed

15 sec5 sec

5 sec

5 sec

5 sec

=

=

Presenter Notes
Presentation Notes
Another innovation we made to speed up run times was to cluster stands based on shared characteristics.This is not unlike common practices for similar types of modeling.For example, it’s common for forest estate models to only use a handful of yield curves.This type of distillation helps to significantly reduce the run times and storage needs of these simulations.This clustering allowed for many stands to be run in the equivalent run time of one stand, which addressed our need for speed.
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ESSA Innovations: Clustering Stands for Speed

124,657
Stands 

Presenter Notes
Presentation Notes
-The full inventory had 124, 657 stands. Running this number of stands within the project timeline was not feasible, especially given the need to run the model multiple times to perform QA and make any necessary adjustments.-The next few slides will walk through, at a high level, the general procedure for clustering stands. -We started with the full inventory, and in this slide, each dot represents a stand. 
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ESSA Innovations: Clustering Stands for Speed
Land Class

Species

Site Class

County

Deferred?

Age Class

Initial Grouping Variables

Presenter Notes
Presentation Notes
-We then placed stands into groups.-This step simply organizes stands into any unique combination of land class, species, site class, county, deferred/non-deferred, and age class.- There were about 7,500 unique combinations of these initial grouping variables. 
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ESSA Innovations: Clustering Stands for Speed
Slope

Elevation

Aspect

Site Index

Max SDI

Inventory 
Yr

Clustering Variables

Presenter Notes
Presentation Notes
-Once the stands were organized into their groups, we performed k-means clustering to further group like stands with like stands, using a select number of variables. -K-means clustering is an iterative process that aims to minimize the sum of the distances between the datapoints and their cluster centroids, which is the mean of all datapoints assigned to each cluster. Over each iteration, the centroids of the cluster change slightly, and the mean distance between each datapoint and its assigned centroid are reduced. This process stops when the centroids no longer change with additional iterations. -In this case, we performed the k-means clustering analysis using slope, elevation, aspect, site index, maximum SDI and inventory year. -This simple illustration is meant to show how, within the predefined initial groups shown on the previous slide, like stands would be grouped with like stands. 
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ESSA Innovations: Clustering Stands for Speed
Slope

Elevation

Aspect

Site Index

Max SDI

Inventory 
Yr

9,221 
Clusters became “stands” in FVS 

allowing us to simulate an entire landscape based on site 
specific attributes without relying on generalized yield 

curves 

Presenter Notes
Presentation Notes
-The end result of this process was that 9,221 clusters became individual stands in FVS.-This allows us to do faster landscape-level simulations based on these grouped site characteristics, without relying on generalized yield curves as is the case in forest estate modeling.



General Model Performance
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# Unique 
Stands
(GEM 

only, non-
deferred)

Total run 
time per 
scenario 

(avg. est.)

Total run 
time all 

scenarios 
(est.)

Single computer (all stands) 46,540 17 days
22 hours
23 mins

9 months
16 days
22 hours
4 mins

Cloud system (all stands) 46,540 2 days
1 hour
19 mins

2 days
20 hours
34 mins

Cloud system (clustering) 2,206 1 hour
12 mins

3 hours
15 mins

Presenter Notes
Presentation Notes
Want to quantify the improvement to run times made by these innovations.This is the run time running FVS with no parallel processing or clustering.



# Unique 
Stands
(GEM 

only, non-
deferred)

Total run 
time per 
scenario 

(avg. est.)

Total run 
time all 

scenarios 
(est.)

Single computer (all stands) 46,540 17 days
22 hours
23 mins

9 months
16 days
22 hours
4 mins

Cloud system (all stands) 46,540 2 days
1 hour
19 mins

2 days
20 hours
34 mins

Cloud system (clustering) 2,206 1 hour
12 mins

3 hours
15 mins

General Model Performance

49

Presenter Notes
Presentation Notes
-This is using 100 virtual computers in the cloud.



General Model Performance
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# Unique 
Stands
(GEM 

only, non-
deferred)

Total run 
time per 
scenario 

(avg. est.)

Total run 
time all 

scenarios 
(est.)

Single computer (all stands) 46,540 17 days
22 hours
23 mins

9 months
16 days
22 hours
4 mins

Cloud system (all stands) 46,540 2 days
1 hour
19 mins

2 days
20 hours
34 mins

Cloud system (clustering) 2,206 1 hour
12 mins

3 hours
15 mins

Presenter Notes
Presentation Notes
-This is combining the 100 virtual computers with the reduced dataset using stand clustering.



Part 1: Landscape-level Results



Baseline for Comparison
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Scenario 1: Current Practices

Presenter Notes
Presentation Notes
This to remind us again that current practices is the baseline from which all other scenarios will be compared. It emulates DNR’s current practices. 
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551 Mt CO2e in 2024

Baseline for Comparison: Scenario 1 Current Practices

Total = 298

Total = 196

Total = 57

Presenter Notes
Presentation Notes
This is the total carbon stored in forest biomass in 2024 as estimated by FVS.This is the same for all scenarios, which all have an identical inventory in 2024. Note that values have been stacked to illustrate carbon stored in deferred and non-deferred lands for all three landclassesThe corresponding values on a per acre basis (tCO2e/acre) are as follows:304 for non-deferred GEM lands515 for deferred GEM lands399 for non-deferred Riparian lands478 for deferred Riparian lands341 for non-deferred Uplands432 for deferred Uplands
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Baseline for Comparison: Scenario 1 Current Practices

1,099 Mt CO2e in 2124

Total = 588

Total = 399

Total = 112

Presenter Notes
Presentation Notes
This is the total carbon stored in forest biomass in 2124 as estimated by FVS under the current practices scenario. Keep in mind that this result - and all results in this section - are without climate change.-   Note that values have been stacked to illustrate carbon stored in deferred and non-deferred lands for all three landclassesThe corresponding values on a per acre basis (tCO2e/acre) are as follows:623 for non-deferred GEM lands889 for deferred GEM lands909 for non-deferred Riparian lands903 for deferred Riparian lands856 for non-deferred Uplands792 for deferred Uplands
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Baseline for Comparison: Scenario 1 Current Practices (no Climate Change)

Historical yield vs. ESSA Simulated FVS Timber Yield

MBF

MBF

Presenter Notes
Presentation Notes
The simulated yield in current practices was less than the historical yield. This is because we set annual harvest targets by county, and did not allow FVS to harvest over county-level limits even if a shortfall in one county could have been made up for from other counties. 
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Scenario Results - Landscape Level

Simulated Timber Yield

Presenter Notes
Presentation Notes
This graph is comparing changes in the mean value of merchantable timber yield across each scenario. On the x axis we will have a bar for each of the 8 scenarios On the y axis we plot the percent change in yield for each scenario from the baseline current practices scenario. 
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Scenario Results - Landscape Level

Simulated Timber Yield

Current practices emulates 
historical practices. The stand 

replacement harvest threshold 
is 30 MBF.
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Scenario Results - Landscape Level

Simulated Timber Yield

Lengthen harvest 
rotations: The stand 
replacement harvest 

threshold is increased to 
50 MBF

Presenter Notes
Presentation Notes
Scenario 2 is lengthened harvest rotations, in which we observe a small increase in yield from current practices. Remember that current practices failed to achieve the historical yield, so we can see some scenarios with a higher yield than current practices but only up to the yield target. 
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Scenario Results - Landscape Level

Shorten rotations: The 
stand replacement 
harvest threshold is 

decreased to 20 MBF

Simulated Timber Yield
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Scenario Results - Landscape Level

‘Significantly increase 
thinning’ requires a 

commercial thinning every 
rotation and increases pre-
commercial thinning from 

75-100%

Simulated Timber Yield



61

Scenario Results - Landscape Level

All stands > 80 years old in 
2024 are deferred from stand 

replacement harvest (i.e., 
6.5% of non-deferred GEM 

lands)

Simulated Timber Yield
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Scenario Results - Landscape Level

Simulated Timber Yield

Presenter Notes
Presentation Notes
Note the effect of adding deferrals on the yield compared to scenario 5: deferrals lower yield. 
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Scenario Results - Landscape Level

Simulated Timber Yield

‘Enhanced silviculture’ increases 
site treatment from 75% to 100% 
and adds an improved seedlings 

growth boost 
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Scenario Results - Landscape Level

‘Enhanced silviculture’ increases 
site treatment from 75% to 100% 
and adds an improved seedlings 

growth boost 

Simulated Timber Yield

Presenter Notes
Presentation Notes
Note the effect on yield from enhanced silviculture by comparing scenarios 3 and 8.  



Scenario Results - Landscape-Level
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Presenter Notes
Presentation Notes
This graphic compares change in total stored carbon relative to the current practices baseline. In GEM lands onlyReminder: this is the mean across the simulation period (not the final carbon value in 2124)The following slides will build comprehension and understanding of this slide. We will look at changes in harvest across scenarios after carbon, which provides important context to interpreting the results. 
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Scenario Results - Landscape-Level

Presenter Notes
Presentation Notes
-   This shows the changes in carbon presented in the last slide now partitioned between the forest biomass and harvested wood products pool (the partitioning is based on the relative contribution of each pool to the total carbon storage pool in the Current Practices baseline)We observe that changes in the forest biomass pools tend to be larger than the harvested wood products poolsWe observe that forest biomass and harvested wood product pools tend change in opposite directions. 
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Scenario Results - Landscape-Level

Rotation age 
effect

Presenter Notes
Presentation Notes
This comparison isolates the effect of adjusting rotation ages while holding other parameters constant. 
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Scenario Results - Landscape-Level

Increased 
thinning 

effect

Presenter Notes
Presentation Notes
- This comparison shows the effect of increased thinning (a requirement to thin in every rotation) on current practices 
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Scenario Results - Landscape-Level

Increased 
thinning + 

long rotation 
effect

Presenter Notes
Presentation Notes
- This comparison shows the effect of adding increased thinning (a requirement to thin in every rotation) on the long rotation scenarios
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Scenario Results - Landscape-Level

Increased 
silviculture 

effect

Presenter Notes
Presentation Notes
- This comparison shows the effect of adding increased silviculture onto the long rotation and increased thinning scenarios
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Scenario Results - Landscape-Level

Increased 
deferral effect 

on long 
rotations

Presenter Notes
Presentation Notes
This comparison shows the effect of increased deferrals on long rotations. Note that there was less stand replacement harvest in scenario 6 due to the deferrals, but more thinning. This resulted in lower harvested wood products, but almost exactly the same forest biomass. It is unlikely that this deferral effect would have been the same if deferrals were applied to CP because CP was unable to achieve the historical yield across the entire simulation. 
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Scenario Results - Landscape-Level

Scenarios without 
increased thinning had 
the highest carbon 

Presenter Notes
Presentation Notes
Overall, the carbon results show three groupings: that scenarios without increased thinning had the highest carbon.  
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Scenario Results - Landscape-Level

Thinning + long 
rotations had the lowest 
carbon 

Presenter Notes
Presentation Notes
Overall, the carbon results show three groupings: that increased thinning and long rotation scenarios had the lowest carbon. The other thinning scenarios fell somewhere in between. 
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Scenario Results - Landscape Level

Forest 
Biomass 
Carbon 
2024 - 2124
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st 
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Presenter Notes
Presentation Notes
-   Remember that results we just viewed were a comparison of the mean of all years in each simulated management alternative. We now look at the change over time. The main result here is that we observed that the scenarios diverge early on in the simulation and then more or less maintain steady trajectory.
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Scenario Results - Landscape Level

No thinning

Thin+

LR & Thin+

Fo
re

st 
Bi
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as

s C
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n 

Presenter Notes
Presentation Notes
-   These are those three groups labeled onto the trajectory. We can see that their grouping is quite stable. It does not change much through time. 



Scenario Results - Landscape Level
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Presenter Notes
Presentation Notes
This slide shows changes in carbon across scenarios , expressed as Mega tons of CO2 equivalent across the carbon pools of dead, live, and wood products. The top left shows the combination of live and dead but not including wood products. We observed that the largest carbon pool is in the live forest biomass pool on the top right, and that most change in carbon occurs within the live poolAbout 1/3 of the total forest biomass is stored in the dead forest biomass pool (bottom left). 
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Scenario

Total stored 
carbon

(mean annual 
MTCO2e 2024-

2124)

Total 
stored 
carbon 

(MTCo2e in 
2124)

Merchantable 
timber yield
(mean annual 

MBF 2024-2124)

Merchantable 
timber yield

(MBF in 2124)

1) Current Practices 420 574 365,232 355,756

2) Long Rotations 426 582 367,092 368,910

3) Short Rotations 419 571 356,839 312,968

4) CP & Thin+ 394 528 368,476 337,244

5) LR & Thin+ 381 505 433,661 439,366

6) LR & Thin+ & Defer+ 380 504 426,793 439,366

7) CP & Thin+ & Silv+ 396 531 371,292 364,637

8) SR & Thin+ & Silv+ 395 526 360,890 334,834

Scenario Results - Landscape Level

Presenter Notes
Presentation Notes
- These are the absolute values of the simulated scenarios for not-previously deferred GEM lands (no climate change) provided as a reference 
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Scenario

Change in total 
stored carbon 

(% difference from 
CP)

Change in 
merchantable 

timber yield (% 
difference from CP)

1) Current Practices (CP) 420 Mt CO2e 48,235 MBF
2) Long Rotations (LR) +1.4 0.5
3) Short Rotations (SR) -0.3 -2.3
4) CP & Thin+ -6.4 0.9
5) LR & Thin+ -9.4 18.7
6) LR & Thin+ & Defer+ -9.6 16.9
7) CP & Thin+ & Silv+ -6.09 1.7
8) SR & Thin+ & Silv+ -6.1 -1.2

Scenario Results - Landscape Level

Presenter Notes
Presentation Notes
- This table compares changes in carbon from current practices alongside changes in harvest. We observe that: -   Long rotations was the only scenario that was able to increase harvest and carbon relative to current practicesShort rotations decreased both carbon and timber. In general, scenarios with larger increases in timber harvest, also had the largest decreases in carbon. But there is also a large decrease in carbon seen across the thinning scenarios. 
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Special Focus on Commercial Thinning

Why does carbon decrease in the significantly 
increased thinning scenarios?
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Presenter Notes
Presentation Notes
Why does carbon decrease in thinned scenarios?This shows the changes in merchantable timber harvest partitioned between the change in volume harvested from commercial thinning vs. the change in volume harvested from stand replacement harvest. (the partitioning is based on the relative contribution of each harvest type to the total harvest in the Current Practices baseline)CAVEAT: THIS DOES NOT SHOW THE TOTAL HARVEST BY HARVEST TYPE. IT SHOWS THE CHANGE IN EACH HARVEST TYPE RELATIVE TO THE CURRENT PRACTICES SCENARIO. 
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+19% 
+17% 

Presenter Notes
Presentation Notes
- First, note that adding significantly increased thinning to LR scenarios increased total yields by 19% in Scenario 5 and 17% in Scenario 6
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In Scenarios 5 & 6 
more timber 
harvest = more 
harvested wood 
carbon, but forest 
biomass carbon

Reason 1) 

Increased 
harvest = less 
forest biomass 
carbon

Stand Repl Hvst

Presenter Notes
Presentation Notes
These scenarios with high yield end up with less carbon. Note that it is both increased stand replacement harvest and commercial thinning. - Also note the deferrals: When deferrals are added, there is a corresponding decline in yield and hence less harvested wood carbon (as expected). - There is only a very minor effect on forest biomass from 505 to 504. Why didn’t adding deferrals and decreasing yields increase forest biomass carbon?This is likely because although there is a small decrease in total timber yield under deferrals, there is slightly more thinning under the deferrals scenario. The reduction in carbon per acre from thinning may reduce the forest biomass to offset the gain from decreased overall harvesting. 
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Stand Repl Hvst

Presenter Notes
Presentation Notes
The second reason is most visible in scenarios 4, 7, and 8, where timber yields did not change as much. In these scenarios, we gain a larger portion of the annual yield from thinning. From the perspective of the model, you need a lot of area from thinning to meet the annual yield targets. Thinning a large area thinned lowers the average carbon per acre of the landscape. 
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Reason 2) 

Extensive 
thinning 
decreases 
average carbon 
per acre

Stand Repl Hvst

Presenter Notes
Presentation Notes
Commercial thinning yields far less volume on a per acre basis. Therefore, more area is affected to achieve the same amount of thinning harvest. 
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Simulated Timber Yield 2024-2124

Annual yield
decreases

Annual yield
Increases

Annual yield
decreases

Scenario Results - Landscape Level

Stand Repl. 
Harvest

Presenter Notes
Presentation Notes
This shows a time series of the yield from each harvest type (commercial thinning vs. stand replacement harvest harvest).  Looking at the model results over time, we see that yields increase over time under long rotations, where as they decrease under current practices and even more so for short rotations. long rotations offer more yield but at the price of a greater shortfall over the first several decades than in these other two scenarios.
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Simulated Timber Yield 2024-2124

Scenario Results - Landscape Level

Stand Repl. 
Harvest

Presenter Notes
Presentation Notes
-   In scenario 5 and 6, increased thinning shortens the length of that shortfall by concentrating more thinning in the first couple cycles. This sets the model up to be able to find sufficient timber on the landscape for most of the rest of the model duration. In contrast, the short rotation scenarios access timber well early, but then experience larger shortfalls. Which are not made up for by increased silviculture in scenario 8. Note there is also an overharvest due to unconstrained thinning in the first cycle of scenarios 5 and 6



Summary of Results
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1. Lower yields in all scenarios relative to 2013-2023, 
related to county-level harvest limits. 

2. Significantly increased commercial thinning (CT) = 
higher timber yields but reduced carbon. CT is the dial 
with the largest overall effect. This is because yield and 
area thinned were higher relative to other scenarios. 

3. Longer rotations (Scenario 2) = only scenario to 
increase both timber yield and carbon over current 
practices.

4. Shortened rotations (Scenario 3) = only scenario to 
decrease both. 

5. Scenarios with the highest timber yields also had the 
lowest carbon benefits 

Presenter Notes
Presentation Notes
- Lower yields in all scenario relative to 2013-2023, which is related to county level yield targets. These lower yields don’t necessarily mean there is a scarcity in supply across all DNR lands, but only that there is scarcity within some counties



Your Turn! 
Questions



Lunch Break (60min)



Part 2: Climate Change Results
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Refresher: Climate 
Change Methods

Presenter Notes
Presentation Notes
Climate Change is simulated using computer models called General Circulation Models: GCMs. There are several GCMs in common use. We use an Ensemble that is a blend of 17 models.GCMs simulate climate processes for the entire world using assumptions about future economic and social development around the world, and how that development changes greenhouse gases in the atmosphere. The assumptions become scenarios of future climate, called Representative Concentration Pathways: RCPsGCMs predict climate at large scales. These are downscaled to specific locations: latitude, longitude and elevation  at specific times: 1990 (current), 2030, 2060, 2090RCPs in common use are: 4.5, 6.0 and 8.5. People debate which is the best to use: 4.5 is the most moderate; 8.5 is the most pronounced. We use the moderate RCP 4.5GCMs predict climate at large scales. These are downscaled to specific locations: latitude, longitude and elevation  at specific times: 1990 (current), 2030, 2060, 2090
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Current 2090 Predictions of dryness with one
GCM and one RCP

Refresher: Climate Change 
Methods

Presenter Notes
Presentation Notes
Climate-FVS is an extension to the Forest Vegetation Simulator (FVS), a computer model that projects growth and yieldAdding climate sensitivity tries to answer the question: Will a species that is currently found in stands be viable under future climate?ReferenceThis is an example Based on the Geophysical Fluid Dynamics Laboratory – A2 Model (GFDLCM21), prediction of the Annual Dryness Index change in 2090(Looking for source image)
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Douglas-fir
current vs 2060
GFDLCM21 B1

Refresher: Climate Chage Methods

Presenter Notes
Presentation Notes
Step 1: Analyze current climate and current species distribution and find the climatic variables that predict that distributionStep 2: Use a GCM+RCP to predict where the species will/will-not be present in the futureSimulation shows comparative change using the General Fluid Dynamics Laboratory Coupled Model (GFDLCM21_B1) for the B1 scenarioURL Reference:https://charcoal2.cnre.vt.edu/climate/�Image is an overlay of:https://charcoal2.cnre.vt.edu/climate/species/speciesDist/Douglas-fir/current.pnghttps://charcoal2.cnre.vt.edu/climate/species/speciesDist/Douglas-fir/GFDLCM21_B1_y2060.pngLiterature reference: Rehfeldt GE, Crookston NL, Warwell MV, Evans JS 2006. Empirical analyses of plant climate relationships for the western United States. International Journal of Plant Sciences 167: 1123–1150.
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Viability Scores

Over time less suitable for DF & WH
Over time more suitable for PP

Refresher: Climate Change Methods

Presenter Notes
Presentation Notes
Presence or absence is measured with a Viability scoreClimate-FVS has species viabilities for 75 western species, using the 12 future climates predicted by 3 RCPs and 4 GCMsReference:Suitability indices in this table based on ClimateFVS values derived from the Hadley GCM for the A2 scenario At Lat=46.67, Long=121.54, Elev=2583. They change all over the map.GCMsCommunity Earth System ModelGeophysical Fluid Dynamics LaboratoryHadley Center/Met Office (UK)Our ensemble of 17 AR5 models based on using predictions to 2090 from models run to 2200RCPs: 4.5, 6.0, 8.5



What Does Climate-FVS Change?

Using the Viability Score, these will all change on a 
species or tree basis:

• Stand carrying capacity
• Tree mortality
• Tree growth
• Species regeneration
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Presenter Notes
Presentation Notes
CARRYING CAPACITYCarrying capacity is the maximum volume that a stand can support and is a metric of the stand’s potential production If carrying capacity changes, tree mortality also changes due to changes in crowding tolerance (“density dependent mortality”)Each species contributes to the stand’s carrying capacity in its own wayClimate-FVS uses the species viability score to change the way species contribute to stand carrying capacity under different climatesThis affects carbon sequestration, harvest volume and species mixesMORTALITYAdditional mortality is applied if the viability score is less than 0.50GROWTHGrowth rate will change if stand site quality changesGrowth can decline based on changes to the viability score.Provenance experiments (transplant trials) show that trees grow best on sites with temperatures matching their location of origin.Assisted migration is a climate change adaptation option that can be captured by Climate-FVSREGENERATION500 seedings/acre are planted when stand density falls below a stocking threshold defined by the userThe four most-viable species are planted with the amounts depending on the relative viability scores.If no species are viable there is no regeneration



What Is Left Out?

Climate-FVS does not currently simulate changes to 
these processes

• Fire dynamics, which depend on fuel moisture, 
temperature and wind speed.

• Decay rate of down wood
• Snag dynamics
• Elevation sensitivity (dClim rule) has been 

disabled

96



97

550 Mt CO2e in 2024
Baseline for Comparison: Scenario 1 Current Practices (Climate Change)

Total = 298

Total = 196

Total = 57

Presenter Notes
Presentation Notes
This is the total carbon stored in forest biomass alone in 2024 as estimated by FVS.This is the same starting point for all scenarios in both the climate change and non-climate change scenarios. The corresponding values on a per acre basis (tCO2e/acre) are as follows:304 for non-deferred GEM lands515 for deferred GEM lands399 for non-deferred Riparian lands478 for deferred Riparian lands341 for non-deferred Uplands432 for deferred Uplands
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617 Mt CO2e in 2124
Baseline for Comparison: Scenario 1 Current Practices (Climate Change)

Total = 423

Total = 145

Total = 49

Presenter Notes
Presentation Notes
This is the total carbon stored in forest biomass in 2124 as estimated by FVS under the current practices scenario with climate change. There is still an increase in carbon in GEM lands, but half as much compared to the non-climate change scenario. There is a decrease in carbon from baseline in riparian and uplands. The corresponding values on a per acre basis (tCO2e/acre) are as follows:493 for non-deferred GEM lands314 for deferred GEM lands333 for non-deferred Riparian lands327 for deferred Riparian lands375 for non-deferred Uplands340 for deferred Uplands



Baseline for Comparison: Scenario 1 Current Practices (with Climate Change)

Historical timber yield vs. ESSA simulated FVS timber yield

MBF

MBF
MBF

Presenter Notes
Presentation Notes
The simulated yield in current practices was less than the historical timber yield . It was even lower in climate change, but only by ~20,000 MBF. 
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Landscape-Level Results with Climate Change

Presenter Notes
Presentation Notes
This is the change in carbon across the scenarios, with and without climate change. The next two slides explain this figure. 
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Landscape-Level Results with Climate ChangeLandscape-Level Results with Climate Change

For comprehension: the 
green bar is the % change in 
non climate change results

Presenter Notes
Presentation Notes
For comprehension: This is the non-climate change scenario comparison you have seen previously with current practices (no climate change) as the baseline for comparisonFor example, we see the same 1.4% increase in carbon under long rotations compared to current practices. 
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Landscape-Level Results with Climate Change

The orange are results 
under climate change 

relative to current 
practices without 

climate change

Presenter Notes
Presentation Notes
The orange bars show the % change in carbon WITH climate change relative to the current practices WITHOUT climate change baseline. E.g., we see that current practices under climate change was simulated to result in ~10% less carbon than current practices without climate change
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Landscape-Level Results with Climate ChangeLandscape-Level Results with Climate Change
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Landscape-Level Results with Climate Change

The pattern across scenarios holds for noCC vs. CC

Presenter Notes
Presentation Notes
The main result, is that the overall pattern observed among scenarios without climate change holds or is similar under climate change. 
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Landscape-Level Results with Climate Change

But with a 8% - 10% drop in carbon

Presenter Notes
Presentation Notes
There is a 10% drop in the carbon of non-deferred GEM lands under each scenario.Note that the red arrows are all the same length, representing a 10% drop. The orange arrows are all the same length and represent a 8% drop.  
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Landscape-Level Results with Climate Change

No Climate Change With Climate Change Forest 
Biomass 
Carbon 
2024 - 2124
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Landscape-Level Results with Climate Change

The pattern across scenarios holds for noCC vs. CC

Presenter Notes
Presentation Notes
This shows changes in simulated timber yield across scenarios for climate change (green) and non climate change (in yellow) relative to a current practices baseline.  
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Landscape-Level Results with Climate Change

But with a 4% - 8% drop in yield

Presenter Notes
Presentation Notes
- The drop in yield under climate change ranges from as little as ~3% in scenario 5 to as much as ~8% in Scenario 2. 



Reference – absolute values across scenarios (climate change)
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Scenario

Total stored 
carbon

(mean annual 
Mt CO2e 2024-

2124)

Total 
stored 

carbon (Mt 
Co2e in 
2124)

Merchantable 
timber yield
(mean annual 

MBF 2024-2124)

Merchantable 
timber yield

(MBF in 2124)

1) Current Practices 380 473 347,172 298,479

2) Long Rotations 389 488 337,200 342,122

3) Short Rotations 377 465 339,943 276,228

4) CP & Thin+ 357 434 347,250 298,735

5) LR & Thin+ 344 413 422,904 439,366

6) LR & Thin+ & Defer+ 343 414 411,661 438,402

7) CP & Thin+ & Silv+ 358 437 351,474 333,807

8) SR & Thin+ & Silv+ 356 429 343,650 309,418

Presenter Notes
Presentation Notes
These are the absolute values of the simulated scenarios for Not-previously deferred GEM lands. 
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Landscape-Level Results with Climate Change

scenario

Change in total 
stored carbon 
(% from CP no 
climate change)

Change in 
merchantable timber 

harvested (% from 
CP no climate 

change)

1) Current Practices (no 
climate change) 420 Mt CO2e 365 MBF

1) Current Practices (CP) -9.7 -4.9
2) Long Rotations (LR) -7.4 -7.7
3) Short Rotations (SR) -10.3 -6.9
4) CP & Thin+ -15.2 -4.9
5) LR & Thin+ -18.2 15.8
6) LR & Thin+ & Defer+ -18.4 12.7
7) CP & Thin+ & Silv+ -15 -3.9
8) SR & Thin+ & Silv+ -15.4 -5.9

Presenter Notes
Presentation Notes
We similar overall pattern as without climate change. 
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scenario

Change in total 
stored carbon 
(% from CP no 
climate change)

Change in 
merchantable timber 

harvested (% from 
CP no climate 

change)

1) Current Practices (with 
climate change) 380 Mt CO2e 347,172

 MBF

2) Long Rotations (LR) 2.5 -2.9
3) Short Rotations (SR) -0.7 -2.1
4) CP & Thin+ -6.1 0.0
5) LR & Thin+ -9.5 21.8
6) LR & Thin+ & Defer+ -9.7 18.6
7) CP & Thin+ & Silv+ -5.7 1.2
8) SR & Thin+ & Silv+ -6.4 -1.0

Landscape-Level Results with Climate Change

Cathy Chauvin
Presentation Notes
This is now comparing the results under climate change to current practices WITH climate change. Under climate change, there is no scenario that is simulated to increase both carbon and timber yield. Given that climate change is and will be occurring, this table may be most relevant result for framing the decision of which forest management scenario to pursue.



Summary of Results

1. Scenario effects + or – hold under climate change. 
2. In managed lands (GEM, non-deferred) carbon increased 

or stable with climate change; riparian & uplands carbon 
decreases. 

3. Climate change impacts arise around the year ~2045
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Your Turn! 
Questions



Break (10min)



Next Up: Scenario Modification 
Discussion (DNR)



Questions for Discussion of Possible Revisions

• Q1. Are there any "dials" the working 
group feels we should adjust up or down 
(e.g., reduce/increase commercial thinning 
in some scenarios)?

• Q2. Are there any ways we implemented 
the "dials" we should change?

• Q3. Should we vary species plantings over 
time under climate change?

• Q4. Should we vary the default planting 
density under climate change?
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Presenter Notes
Presentation Notes
Definitions: Carrying capacity is the maximum volume that a stand can support and is a metric of the stand’s potential production. 



Supplementary Slides



Model Parameter Settings by Scenario
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Configuration Settings (GEM)
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Stand-replacement harvest board 
feet requirement (MBF/ac)

30 50 20 30 50,
80 years 

(site class 
3),

90 years 
(site class 4)

50,
80 years (site 

class 3),
90 years (site 

class 4)

30 20

Commercial thinning board feet 
requirement (MBF/ac)

18 18 18 18 18 18 18 10

Precommercial thinning stand age 
requirement

Between 8-12 years old

Precommercial thinning (trees/ac 
remaining) – High Elevation zone

330 280 330 429 429 429 29 429

Precommercial thinning (trees/ac 
remaining) – Coastal Low Elevation 
zone

300 250 300 390 390 390 390 390

Precommercial thinning (trees/ac 
remaining) – Near to Coast Low 
Elevation zone

300 250 300 390 390 390 390 390

Precommercial thinning (trees/ac 
remaining) – Not Near to Coast Low 
Elevation zone

250 211 250 325 325 325 325 325
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Configuration Settings (GEM)

Sc
en

ar
io

 #
1:

 C
ur

re
nt

 D
N

R
 

M
an

ag
em

en
t P

ra
ct

ic
e

Sc
en

ar
io

 #
2:

 L
en

gt
he

n 
H

ar
ve

st
 

R
ot

at
io

n

Sc
en

ar
io

 #
3:

 S
ho

rt
en

 H
ar

ve
st

 
R

ot
at

io
n

Sc
en

ar
io

 #
4:

 S
ig

ni
fic

an
tly

 
In

cr
ea

se
 T

hi
nn

in
g

Sc
en

ar
io

 #
5:

 L
en

gt
he

n 
H

ar
ve

st
 

R
ot

at
io

n 
an

d 
Si

gn
ifi

ca
nt

ly
 

In
cr

ea
se

 T
hi

nn
in

g

Sc
en

ar
io

 #
6:

 L
en

gt
he

n 
H

ar
ve

st
 

R
ot

at
io

n,
 S

ig
ni

fic
an

tly
 

In
cr

ea
se

 T
hi

nn
in

g,
 In

cr
ea

se
 

D
ef

er
ra

ls

Sc
en

ar
io

 #
7:

 S
ig

ni
fic

an
tly

 
In

cr
ea

se
 T

hi
nn

in
g 

an
d 

In
cr

ea
se

d 
Em

ph
as

is
 o

n 
Si

lv
ic

ul
tu

re

Sc
en

ar
io

 #
8:

 S
ho

rt
en

 H
ar

ve
st

 
R

ot
at

io
n,

 S
ig

ni
fic

an
tly

 
In

cr
ea

se
 T

hi
nn

in
g,

 In
cr

ea
se

d 
Em

ph
as

is
 o

n 
Si

lv
ic

ul
tu

re

Precommercial thinning (trees/ac 
remaining) – Mixed Species zone

250 211 250 325 325 325 325 325

Precommercial thinning (trees/ac 
trigger) – High Elevation zone

660+

Precommercial thinning (trees/ac 
trigger) – Coastal Low Elevation 
zone 

600+

Precommercial thinning (trees/ac 
trigger) – Near to Coast Low 
Elevation zone

600+

Precommercial thinning (trees/ac 
trigger) – Not Near to Coast Low 
Elevation zone

500+

Precommercial thinning (trees/ac 
trigger) – Mixed Species zone

500+

Stand-replacement harvest (leave 
trees/ac)

8 
(2 leave trees in the largest diameter class, 6 leave trees in the intermediate diameter class, remove 

all trees 10 inches DBH or smaller in the intermediate diameter class and smaller classes. Leave 
trees, on average, account for approximately 10% of stand volume, leaving 90% of volume available 

for harvest under current practices.) 
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Commercial thinning (% stand 
basal area harvested)

30

Annual stand-replacement harvest 
target (BF, full study area)

2,196,831,000

Commercial thinning harvest 
target (% of stands or area)

8% 8% 8% 100%

Precommercial thinning harvest 
target (% of stands receiving PCT in 
GEM areas)

50% 50% 50% 75% 75% 75% 75% 75%

Stand-replacement harvest type Thin from above to a trees per acre target (8 leave trees).
Commercial thinning harvest type First, thin across all diameters to 90% of original basal area remaining, then

Thin from below to a basal area target (70% of original basal area remaining).
New harvest deferrals None None None None None Defer all stands ≥ 80 

years at start of 
simulation

None None

Stand regeneration lag 2 years
Natural regeneration density 
(seedlings/acre) – High Elevation 
zone (Mountain Hemlock and Silver 
Fir)

20 MH,
20 SF
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Natural regeneration density 
(seedlings/acre) – Coastal Low 
Elevation zone (Western Hemlock, 
Red Alder, Douglas Fir, Western 
Redcedar)

34 WH,
2 RA,
2 DF,
2 RC

Natural regeneration density 
(seedlings/acre) – Near to Coast Low 
Elevation zone (Western Hemlock, 
Red Alder, Douglas Fir, Western 
Redcedar)

34 WH,
2 RA,
2 DF,
2 RC

Natural regeneration density 
(seedlings/acre) – Not Near to Coast 
Low Elevation zone (Western 
Hemlock, Red Alder, Douglas Fir, 
Western Redcedar)

17 WH,
1 RA,
1 DF,
1 RC

Natural regeneration density 
(seedlings/acre) – Mixed Species 
zone (Western Hemlock, Red Alder, 
Douglas Fir, Western Redcedar)

17 WH,
1 RA,
1 DF,
1 RC
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Planting density (seedlings/acre) – 
High Elevation zone (Noble Fir)

440 375 440 572 572 572 572 572

Planting density (seedlings/acre) – 
Coastal Low Elevation zone 
(Western Hemlock)

400 340 400 520 520 520 520 520

Planting density (seedlings/acre) –
Near to Coast Low Elevation zone 
(Douglas-fir, Western Hemlock)

200 DF, 
200WH

170 DF, 
170 WH

200 DF, 
200WH

260 DF, 
260 
WH

260 DF, 260 
WH

260 DF, 260 WH 260 DF, 
260 WH

260 DF, 260 
WH

Planting density (seedlings/acre) –
Not Near to Coast Low Elevation 
zone (Douglas Fir, Western Hemlock, 
Red-cedar)

275 DF,
50 WH

242 DF,
21 WH, 
12RC

275 DF,
50 WH

357 DF,
65 WH

357 DF,
65 WH

357 DF,
65 WH

357 DF,
65 WH

357 DF,
65 WH

Planting density (seedlings/acre) – 
Mixed Species zone (Douglas Fir, 
Western Hemlock, Red-cedar)

295 DF, 
25 HW 
15 RC

242 DF,
21 WH, 
12RC

275 DF,
50 WH

357 DF,
65 WH

357 DF,
65 WH

357 DF,
65 WH

357 DF,
65 WH

357 DF,
65 WH

Increased growth due to improved 
genetic stock (% increase in 
diameter and height growth)

0 0 0 0 0 0 2 2
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Increased growth due to site 
preparation and release 
treatments (% increase in diameter 
and height growth of small trees after 
10 years)

84

Extent of site preparation and 
release treatments (% of plots)

75 75 75 100 100 100 100 100

Fire rate (% basal area affected  
annually, by county)

Island = 0.0058%
Clallam = 0.0117%
Mason = 0.0124%

San-Juan = 0.0126%
Pierce = 0.0141%

Wahkiakum = 0.0155%
Jefferson = 0.0179%
Pacific = 0.0186019%

Lewis = 0.019%
Kitsap = 0.0216%

Grays-Harbor = 0.0249%
Thurston = 0.0255%

Clark = 0.0316%
Cowlitz = 0.0378%

Skamania = 0.0436%
King = 0.0892%

Snohomish = 0.1310%
Skagit = 0.2072%

Whatcom = 0.4698%
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Insect mortality rate (% basal area 
affected annually)

0.0061%

Blowdown rate (% basal area 
affected annually)

0.05676%

Drought rate (% basal area affected 
annually)

0.0040%

Disease rate (% basal area affected 
annually)

0.0806%

Temporal parameters 100-year time horizon, 5-year time steps, length of first cycle differs to accommodate differing 
inventory years

Climate change 1 run without climate change, 1 run with 17 GCM ensemble and RCP4.5 implemented in Climate-FVS
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