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Extending BioSum to optimize multi-decade 
forest restoration and evaluate biochar facility 
feasibility in the Upper Klamath Basin 
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I’d like to acknowledge the significant contributions of my co-authors. Josh was an MS student at OSU and now the head of forest inventory at Mendocino Redwood Company, and John, his advisor, led the project of which this is a part.



Opportunities for Biochar Production to Reduce Forest Wildfire Hazard, 
Sequester Carbon, and Increase Agricultural Productivity of Dryland Soils

Relied on BioSum + Customization to characterize the Biochar feedstock 

Institute for Working Forest Landscapes

Presenter
Presentation Notes
John led a really interesting, competitively-funded multi-dept., multi-disciplinary Forest to Farm project to assess biochar feasibility and potential markets and uses. After it was funded and work began, John learned about BioSum and realized it was well suited to helping with analysis of biochar feedstock supply, so he reached out to me. 



Upper Klamath Basin: Biochar feedstock analysis

 730 plots on 1.9 million NFS acres
 Modeled with BioSum, customized 

via publicly posted Python scripts, 
to merchandise logs and optimize 
harvest scheduling with even flow 
and break-even requirements

Presenter
Presentation Notes
The project focused on federal forests in need of restoration because 1) restoration seems to drive much of the management activity on national forests and 2) they assumed a new source of revenue from biochar feedstock could conceivably promote restoration on more acres.

BioSum, which starts with the FIA plot data and simulates management with FVS, was extended by Joshua for this project with custom modules to establish wood value and kind of feedstock based in optimally bucked logs rather than trees, and to add a harvest scheduling component to more precisely estimate 5-yr supply curves over 2 decades.



Standard BioSum version 5.8.7

 Advantages
 Proven, automated workflow
 Easy to change problem definition, 

assumptions & rerun
 Retains all intermediate calcs

 Limitations
 “Biomass” def’n hard coded as all non-

merch, including tops, limbs 
 Biochar: bolewood to a four inch DIB 

top, with a minimum length of eight feet, 
so typically a portion of top, or whole 
bole of non-commercial species

 No harvest scheduling component

FIA Plot Data 
from FIADB

$/cu ft by 
species & tree 

size class at 
Mill Gate

Transportation 
Network

Truck Costs per 
Hour

Prescriptions

BIOSUM / FVS
Models all applicable treatments 

and no-action alternative

BioSum Processor
Tracks amount and value of wood collected  and determines per acre 

treatment costs 

BioSum Treatment Optimizer
Optimizes (heuristically) treatment for each acre wrt treatment 
effectiveness criteria and revenue requirements; summarizes for 

landscape 

ArcMap / Network Analyst
Identifies minimal cost route for 
each plot-to-facility combination

Facility 
Locations

Tree List
Cut List

Structure Table
Potfire Table

Transportation Costs 
($/ton)

Key

Data Input

Bioum Module or 
Workflow 

component
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Presentation Notes
BioSum is software and protocols that manage a workflow designed to test what management can accomplish, in terms of both state of the forest and economic indicators like cost and value and quantities of wood produced. It is designed for iterative and exploratory use by non-programmers so, while quite flexible and user-friendly, there are some simplifications and embedded assumptions, some of which would not work for this project. 
The separation of merch and biomass in BioSum is partly hard-coded in that biomass for energy is assumed to be tops and limbs that are brought to the landing, plus boles of too-small tree size classes and non-commercial species groups identified by the user. In reality, biochar feedstock does not include limbs (can’t deal with foliage) but DOES include sub-merch sized logs that are part of the bole of almost every merch sized tree!
Standard BioSum contains no harvest scheduling because it is intended to explore management over large, multi-owner landscapes that lack a single decision maker– but in this project, we considered only NFS lands. 



BioSum Database Module (FIADB loader)

Presenter
Presentation Notes
BioSum builds FVS files from FIADB and have it your way- load down wood or surface fuel data? Check! Load GRM data for calibrating FVS growth functions? Check! And it calculates the right expansion factors to go with each stand, based on the EVALID you choose.



BioSum FVS Module

Presenter
Presentation Notes
Then the data get translated into FVS inputs, with fine control retained by the user. You can even choose to exclude down wood data from individual panels for which QA issues remain unresolved, for example. After applying management and projecting stands forward in FVS, BioSum ingests all the FVS output and calculates biomass and volume using FIA-sanctioned equations.



BioSum +(python) RxEvaluator/NeoProcessor
FIA Plot Data 
from FIADB

Log Values at 
Mill Gate

Transportation 
Network

Truck Costs per 
Hour

Prescriptions

BIOSUM / FVS
Models all applicable treatments 

and no-action alternative

RxEvaluator.py
Merchandises cut trees and determines per acre costs, revenues, 

products, and CRS outcomes

NeoProcessor.py
Optimizes treatment allocation under scenario-specific rules and 

reports landscape level outcomes

ArcMap / Network Analyst
Identifies minimal cost route for 
each plot-to-facility combination

Facility 
Locations

Tree List
Cut List

Structure Table
Potfire Table

Transportation Costs 
($/ton)

Key

Data Input

Python Script or 
Software Package

Maximize Area-weighted fire resistance @ years 1, 6, 11, 16, 20

Subject to

• Each acre treated no more than once and by only 1 treatment
• Treatment area ≤ Treatment Capacity
• Treated area doesn’t vary by more than 20% per period
• Treatment Cost ≤ Revenue from wood sales in period
• Each acre treated or assigned to grow-only

Presenter
Presentation Notes
That’s the point where Joshua took the off-ramp from the standard (as of version 5) BioSum workflow. He built 2 new modules using Python for this project, replacing Processor and Optimizer modules of BioSum with both bucking optimization and scheduling optimization to maximize the area weighted fire resistance benefits of management subject to constraints on management capacity, even flow of wood to ensure supply to both mills and a putative biochar facility, and costs per period held to no more than revenue per period– i.e., break-even or better.



Prescriptions, which vary by stand type & are designed to improve fire 
resistance, were applied in FVS at year 1, 6, 11, or 16 of a 20 year simulation
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style
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number

Dominant 

species

Strata 

count

Minimum 

basal area 

(ft2 per ac)

Residual BA 

target

(ft2 per ac)

DBH 

“cap” 

(in.)

Thin from 

below

(TFB)

1 Any or none 1 150 100 10

2 Any or none 1 150 100 16

3 Any or none 1 120 75 21

Q-factor

(q-f)

4 Any or none ≥ 2 125 75 20

5 Any or none ≥ 2 110 50 24

Pseudo-

clearcut

(pcc)

6

PICO Any 80 N/A N/A

JUOC Any 35 N/A N/A

 Tethered, CTL

 Limbs  brush mat
 Tops, small trees, and 

noncommercial
species  biochar 
feedstock
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Presentation Notes
We recognize 3 types of stands and crafted prescriptions for each, with a range of residual densities and diameter caps. We modeled a tethered harvester/forwarder that spreads limbs and crushes them into a so-called brush mat as it maneuvers around the site. Lodgepole and juniper stands had only one prescription which sought to remove most or all trees of those species 



Fire resistance scoring: 
∑ subscores Composite Resistance Score1 of 0-12

Component

Score

Canopy Bulk Density

(kg/m3)

Fuel Strata Gap

(feet)

Resistant Species as 

a percent of BA

FOFEM Survival 

as a % of volume 

0 > 0.15 ≤ 7 ≤ 25 ≤ 2

1 0.11 to 0.15 7 to 20 25 to 50 2 to 30

2 0.051 to 0.10 20 to 30 50 to 75 30 to 75

3 ≤ 0.05 > 30 75 to 100 > 75
 CRS calculated at each 5-yr cycle break
 EXPCURR devolved into 100 ac subunits

 𝑀𝑀𝑀𝑀𝑀𝑀∑𝑝𝑝𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒=15 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡′𝑑𝑑 𝐶𝐶𝐶𝐶𝐶𝐶
1 Jain, Fried and Loreno. Forthcoming in Forest Science. 

Simulating the effectiveness of improvement cuts and 
commercial thinning to enhance fire resistance in west 
coast dry mixed conifer forests. 

Presenter
Presentation Notes
Fire resistance was scored using a system devised with Terrie Jain that relies entirely on characteristics derived from tree data. Fuel strata gap is the same as canopy base height in single story stands, but in multi-story stands is the distance from the bottom of the upper story and the top of the 2nd highest canopy layer. The first two subscores are tied to traditional canopy characteristics and the others to survival prospects. Species is important here in both of these metrics, but survival volume also links to tree size and bark thickness. Each subscore can be as high a 3, and their sum as  high as 12 at any time point. Mean, area-weighted CRS was calculated for each period, then summed for the optimization objective function. Evaluating resistance over multiple years integrates treatment longevity into the effectiveness metric. 



Assumptions for grow-only, burned at landing (BAL), utilized as 
biochar (UAB) and unconstrained (UNC) scenarios

Scenario label Feedstock disposition Annual area 

treated (ac.)

Management Return 

Interval (yrs.)

G-O NA- grow-only 0 NA

MRI-100 BAL Burned at landing 19,000 100

MRI-100 UAB Utilized as biochar 19,000 100

MRI-50 BAL Burned at landing 38,000 50

MRI-50 UAB Utilized as biochar 38,000 50

MRI-25 BAL Burned at landing 76,000 25

MRI-25 UAB Utilized as biochar 76,000 25

 

Presenter
Presentation Notes
A total of 8 scenarios were optimized, the first, degenerate one being constrained to grow-only for each cycle. The others reflect different assumed management return intervals ranging from the 100 years implied by current management capacity on national forests to 25 years, with 2 feedstock outcomes for each: one where biochar feedstock is hauled to Worden, OR and utilized and one where it is instead burned at the landing. We also ran one optimization without constraints on either feedstock utilization or management capacity, though in that case, feedstock was always utilized because this contributed to economic feasibility.



Immediate score change relative to grow-only 
when implemented at year 1 

Treatment

Average score change at year 1

Sub-score

Composite 

Resistance ScoreFuel Strata Gap

Canopy Bulk 

Density

Resistant 

Species Survival

TFB 1 1.15 0.91 0.17 0.30 2.53

TFB 2 1.04 1.18 0.34 0.43 2.98

TFB 3 0.87 1.19 0.39 0.38 2.83

q-f 4 0.66 1.42 0.25 0.25 2.57

q-f 5 0.70 1.26 0.36 0.24 2.56

pCC 6 0 34 0 73 2 49 1 24 4 81

Presenter
Presentation Notes
On average, these treatments are improving all the subscores, though in most cases, most of the improvement is seen in canopy scores. The pseudo clearcut applied to juniper and lodgepole forests achieved a large gain in the resistant species score by removing most of the non-resistant trees.



Area eligible for treatment & frequency with which treatment at 
yr 16 (4th period)  increase, no change or decrease in CRS

Treatment

Eligible area 

(thousand acres) % where CRS increased % with no change in CRS % where CRS decreased

TFB 1 129.0 91 9 0

TFB 2 260.1 94 5 1

TFB 3 509.4 91 9 0

q-f 4 177.7 86 14 0

q-f 5 193.4 93 7 0

pCC 6 284.5 98 1 1

Presenter
Presentation Notes
In the vast majority of stands that are sufficiently stocked to be eligible for any of these treatments, composite resistance score over 20 years is improved by the treatment and almost never made worse



Eligible area achieving break-even, with feedstock 
used as biochar (UAB), by scenario and prescription
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Presentation Notes
Look at those green bars! In single and multi-story stands, treatment costs are usually at least covered by sales of merchantable wood when the right prescription is selected. If biochar feedstock is utilized, a few more acres break even, and a subsidy of 100-200 $/ac brings in a few more. A Biochar facility thus has a modest, bit constructive impact.



Mean CRS by representative year, sum over all 5 years, and 
sum expressed as a percent of maximum possible CRS

Scenario Year 1 Year 6 Year 11 Year 16 Year 20 Sum of scores Pct. of Max

G-O 6.84 6.91 6.98 6.98 7.00 34.64 58%

MRI-100 7.15 7.60 8.03 8.52 8.54 39.83 66%

MRI-50 7.45 8.47 9.38 10.19 10.21 45.69 76%

MRI-25 7.55 8.78 9.61 10.34 10.36 46.65 78%

UNC 9.06 10.02 10.41 10.66 10.67 50.82 85%

The BAL and UAB scenarios produced identical results for a given capacity constraint so only one set of 
results is reported per MRI.

Presenter
Presentation Notes
Because treatment is effective, the faster you phase it in, the quicker you achieve a fire-resistant landscape. The unconstrained scenario does this the fastest because more than half the forest gets treated in the first cycle, and the rest as soon as growth brings stocking to a level that makes those acres eligible for one or more treatments



Mean annual net revenue (million dollars) from sales of wood, less 
treatment and haul costs, and total present net value over 20-yr simulation

Scenario Period 1 Period 2 Period 3 Period 4 20-yr PNV1

G-O 0 0 0 0 0

MRI-100 BAL 30.9 21.9 18.1 17.6 351.7

MRI-100 UAB 33.1 23.6 20.3 19.7 383.1

MRI-50 BAL 41.5 21.8 24.3 32.1 466.9

MRI-50 UAB 45.6 25.7 28.4 35.9 528.1

MRI-25 BAL 47.6 22.8 27.8 34.8 520.2

MRI-25 UAB 52.2 27.9 31.6 38.7 587.8
1 at discount rate of 3%

Presenter
Presentation Notes
The greater capacity for treatment, the more wood produced and the more revenue generated. Utilizing biochar feedstock does bring more revenue, even after deducting loading and haul costs, but accelerating the pace of treatment has even more impact on revenue. The unconstrained scenario throws off less revenue than the 25 or 50 year MRI because so many acres are treated in cycle 1, before having time to grow to larger, and more valuable, tree size classes. Harvests in cycles 2-4 are of stands that have just grown above the minimum stocking to be eligible for treatment, so don‘t produce a great deal of revenue.



Annual wood production
Scenario Period 1 Period 2 Period 3 Period 4 20-yr yield

Sawlogs (thousand BDT)

MRI-100 334 287 273 286 5,897

MRI-50 522 410 450 530 9,562

MRI-25 583 498 506 576 10,820

UNC 1465 284 160 148 10,291

Biochar feedstock Sawlogs (thousand BDT)

MRI-100 76 91 91 104 1,810

MRI-50 165 198 188 185 3,687

MRI-25 188 244 186 187 4,025

Presenter
Presentation Notes
Over the 20 year life of the biochar facility, nearly 6 to nearly 11 million BDT/yr of merchantable wood can be produced, so about a quarter of the wood produced becomes biochar. However, because the unit value of biochar is much lower than for merchantable wood, and because the haul distance for biochar feedstock is on average much greater than for merchantable wood, biochar accounts for less than a quarter of the revenue.



Marginal cost at Worden, per 5-yr period, as a function of 
biochar feedstock produced from the Upper Klamath
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Presenter
Presentation Notes
Ultimately, we can construct supply curves, per 5 year period, for each of these scenarios, that depict the marginal cost per BDT of delivering biochar feedstock. In all but the unconstrained scenario, the marginal cost for the first 250 thousand BDT per period needed by a biochar facility is well under our assumed gate price of $50 per BDT, even when the costs of forwarding feedstock to the landing is included, as shown in the chart at the bottom right corner.



Takeaways

 BioSum good for testing Rxs and sifting through management scenarios
 …and for developing supply curves
 Modular design allows for even greater customization by the motivated
 More info at:

 https://www.forestry.oregonstate.edu/research/biochar
 http://bioum.info
 Journal of Forestry article (copies available by the door)

Questions, suggestions??

Presenter
Presentation Notes
The modular design of BioSum turns out to be a significant advantage in that it makes possible the kinds of extensions and adaptations described here. By the way, Joshua’s python scripts for optimal bucking and harvest scheduling are available online– I believe there is a footnote pointing to where in the J of Forestry article from earlier this year.



More info at:
https://www.forestry.oregonstate.edu/research/biochar
http://bioum.info

Questions/comments?



Mean annual treatment area (thousand acres), by 5-year period

Scenario Period 1 Period 2 Period 3 Period 4 Total

MRI-100 19 19 19 19 380

MRI-50 38 38 38 38 760

MRI-25 43 50 43 42 886

UNC 109 38 21 14 912
Results for MRI-100 and MRI-50 were identical for BAL and UAB, and nearly so for MRI-25

UNC treated every eligible acre in period 1 to maximize CRS over the 5 time points, deferring mainly
those acres not yet eligible (e.g., that were below the basal area trigger)



Average cost ($/BDT) for 1st 250,000 BDT/5-yr period 
delivered to hypothetical facility at Worden, OR

Load-Haul Average Cost Forward-Load-Haul Average Cost

Period Period

Scenario 1 2 3 4 1 2 3 4

MRI-100 22.49 23.24 23.59 23.92 45.99 46.49 46.66 47.02

MRI-50 21.02 21.51 21.58 21.68 43.68 44.66 44.63 44.56

MRI-25 20.56 21.23 21.56 21.64 43.69 44.07 44.55 44.46

UNC 20.04 23.56 25.93 28.80 42.32 47.82 51.16 55.96
Note: Hypothetical price paid at facility gate is $50/BDT



Eligible area and percent of eligible area exceeding break-even 
(net revenue ≥ 0 dollars) by the 4th 5-year cycle

Treatment Eligible area (thousand acres)

Percent of eligible exceeding break-even

Burned at Landing Used as Biochar

TFB 1 129.0 15 20

TFB 2 264.1 58 63

TFB 3 509.4 67 69

q-f 4 177.7 74 80

q-f 5 193.4 86 89

pCC 6 288 0 38 42
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