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BACKGROUND



Shasta Cascades Timberland

« ~170,000 Acres
* Acquired 2018 from Roseburg Forest Products
» Diverse forest types

» East side ponderosa dominated

* High elevation mixed confer

« Sacramento canyon
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Legacy Inventory

« Stand-based

« Grown-forward plots 5-15 years

* No representation of riparian

* No monumentation

 Difficult to reconcile statistical accuracy

» Substantial acres ‘Non-productive’ = no inventory
* Depletion somewhat inconsistent
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LIDAR Inventory -- Theoretical Benefits

Wall-to-wall

Spatial dis-aggregation

Consistent inventory for

« operational planning

« carbon project development (?!)
* Non-inventory data

* Harvest planning
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OFFSET PROTOCOL BACKGROUND



Forest Carbon Offsets

» Component of Cap and Trade
* Voluntary vs Compliance

« Compliance

* Allows capped emitters to offset >4-6% of GHG
emissions using offsets

« Additional;: Above a business-as-usual baseline.

* Permanent: 100 years

New Forests

Compare the carbon sequestered on enrolled properties
(that are implementing improved forest management
practices) to the baseline of unenrolled properties.

Enrolled landowners are paid to conduct improved forest management
practices that increase forest carbon yield over time, such as extending stand
rotations and employing limited, sustainable harvesting. To measure the
carbon benefit of the project, enrolled properties are compared to the
dynamic baseline of matched (unenrolled) forest plots. By measuring the
difference between the forests, the methodology pinpoints
the project as the sole intervention that contributed
to the carbon benefit, providing increased
accuracy and transparency o the
marketplace.,

FOREST CARBON CO_E/ACRE

ADDITIONAL CARBON

 An enrolled property contracted to conduct
sustainable management

Baseline of matched plots that are not enrolled

>

1 YEAR 10 YEARS 20 YEARS 30 YEARS 40 YEARS

Image Credit: The Nature Conservancy
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Compliance Offset Protocol

Prescriptive Performance
* Randomized unbiased sample design « < 20% Sampling Error at the 90% CI
* Minimum sampling intensity by strata * Credit issuance deduction for >5%
*  Minimum plot size « Pass "Sequential Sampling Test"
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Provision for "Alternative Methodology"

§ 95976(g)(1)(c)

1. A discussion of the accuracy of the alternate method, including any peer-reviewed literature or other information that
the Offset Project Operator or Authorized Project Designee believes may aid CARB in making a determination of the
eligibility of the method; and

2. A detailed analysis identifying how the alternate method is consistent with the relevant requirements, and not
explicitly prohibited by the applicable Compliance Offset Protocol.
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Risk-based sampling

Verifiers select strata based on
— Stocking

— Area

Sequential sampling test

— Hypothesis test that measurements
are statistically equal between verifier
and project developer

— Prescribed # of plots in sequence

New Forests
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Sequential sampling

Paired Un-paired
« Visit monumented sample plots within strata in random » Verifier-designed sample by strata
sequence * Running mean of the differences between strata mean
* Running mean of plot-level differences and sample mean
» Verification of the Sample » Verification of the Inventory
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LIDAR DATA



Predictive Data Stack
10x10-m Grid

LiDAR
» Aircraft: Cessna Caravan 208; Sensor: Riegl VQ-1560i
* Derivatives: DSM, CHM

« Tree Height Quantiles, CV, Ratios

i
HHH

LandSat 8
 30-m Resolution, 9-band | VA
» Spectral Derivatives o

* Min, Max, Mean, Quantiles, CV of:

* R, G, B, NIR, NDVI, ZABUD
[ Planning units [l L H : s g7

10x10-m Grid Mean gt () o i b, N SRR " ;
«  Above derivatives were collated to a wall-to-wall grid S 1o R
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CALIBRATION DATA



Calibration/Validation Data

A cautionary tale...

New Forests

Phase 2 Plots
® Phase1Plots
[I7] SCT Planning Units

Phase 1

Plot-based carbon project

Subset of the property

Rec-grade GPS/no gps

Monumented

Phase 2

Following initial imputation model
Extend sample to full asset

Preserve design-unbiased sample
Capture under-represented conditions

to improve model performance

Sub-meter GPS
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IMPUTATION METHODOLOGY AND
RESULTS



Methodology

Create Sampling

Sources of Data Distribution

Target Data Calculate frequency distribution
 Lidar derived 10m based on species and size

Point Grid class
* Ancillary metrics

Variable Bootstrap Samples
Selection

Sample N tree lists from
candidate plots weighted by

Generate Similarity the frequency distribution
Network

Reference Data
 Field Data
* Ancillary metrics

Select 25 most similar Median tree in
candidate plots for imputation AGLB list used as

(Random Forest Distance) point grid prediction
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Cross-Validation

750 -

Cross-Validation
* Predicted vs. Observed Plot AGB / Acre
* Leave-One-Out Cross Validation (LOOCV)

R-Squared %RMSE

0.517 8.88 -0.39

500 -

250-

Observed Above Ground Living Biomass ( MT / acre )

0 100 200 300 400 500
Imputed Above Ground Living Biomass ( MT / acre )
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Spatial Propagation of Uncertainty .«

% model sampling error

Percent Sampling Error by Stand
[100-05% [105-10% [ 1.0-20% [l 20-35% M 35-55%

—_

» '. § J
. ® # of bootsl?aop samples 0
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DOWNSTREAM



Verification Results
We Passed!

Confidence Interval of the Differences Confidence Interval of the Differences Confidence Interval of the Differences
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G&Y Post-Processing

FVS Limitations Resolution
« Max 3000 tree records/process * 4 dimensional histogram
- Categorical

Species | Height | DBH | Crown Radius | Tree Count | NAN
202 18 25 0.6 1

Crown Radius

« Continuous
202 120 27 0.6 1 . DBH

202 117 23 0.6 1 * Height

4

Species | Height | DBH | Crown Radius | Tree Count
202 0.6 3

118.3 25
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MONITORING REPORTING AND
VERIFICATION



Updating the Inventory

Carbon project requires
« A plan for ongoing maintenance of the inventory

« Annual reporting (desk-based verification)
« Depletion using aerial inventory and field -based stand delineation

* Periodic re-measurement
* Inventory verification (sequential sampling)
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IMPLICATIONS



Remote Sensing in Carbon Projects

Sets precedent that its achievable

Opens the door to other model-based methods

— Increasing confidence in the inventory

— Reducing costs

Uncertainty

» Is there a better way to characterize uncertainty from RS approaches than the use of simulation?
Replicability

« How do we ensure consistency in the inventory over time while maintaining the flexibility to improve methods?
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