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Land 
Acknowledgement

Washington D.C. area 
sits on the ancestral 

lands of the 
Nacotchtank, 

Piscataway,  and 
Pamunkey peoples.

Modified Copernicus Sentinel mosaic of Washington D.C. (2015), processed by ESA.

https://www.flickr.com/photos/europeanspaceagency/37961156711


Yurok Tribal Mission

To exercise their aboriginal 
and sovereign rights in 

perpetuity through Tribal 
traditions of 

self-governance, 
cultural-spiritual 

preservation, and 
stewardship of Yurok lands 

(Yurok Tribe Mission 
Statement, 2024).

Yurok Tribe HQ Sign taken in CA (Sharwood, 2012).

https://www.yuroktribe.org/
https://www.yuroktribe.org/
https://commons.wikimedia.org/wiki/File:Yurok_tribal_HQ_bilingual_sign,_California.jpg


System Stakeholders

Primary Stakeholders make 
decisions; Secondary Stakeholders 
influence Primary; System serves 
Needs of Tertiary Stakeholders

Stakeholder Objectives

High-level goals of the Primary 
Stakeholders that define what 
the System should achieve

System Forms

(Nouns) Organizations, people, 
physical or virtual objects, 
programs, and processes that 
execute Functions

System Functions

(Verbs) Activities that transform 
objects of Form to meet 
Stakeholder Objectives
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Afforestation03 ● Forests restored on land that have been 
non-forested >  10 years

Avoided Conversion02 ● Forest preservation that would otherwise be conferred 
to non-forest use

Improved Forest 
Management (IFM)01

● Increasing carbon sequestration above regional 
baseline, tree stocking, extended harvest 
rotations, and reduced timber harvesting



Decision Making 
Opportunities

● To what extent do currently 
held forested land satisfy 
carbon storage 
expectations? 

● What are the potential 
impacts of severe 
disturbances & 
historical/current forest 
management?

● Where can the Yurok Tribe 
prioritize land acquisition and 
why?



● Total study area is 1919 km2 
(Ramos, 2021)

● Ecosystem type: California 
Coastal Redwood Forest 
and Mediterranean 
California and Mixed 
Evergreen Forest

● CARB Improved F. Mngt. 
Plots

○ CAFR0064-Early Action
○ CAFR5011-Compliance
○ CAFR5090-Compliance

● Ke'pel Creek
○ 2,424 acres plot 

repatriated to tribe Credit: 
Yurok G.I.T 
Department

https://wildlife.onlinelibrary.wiley.com/doi/full/10.1002/jwmg.22140
https://thereserve2.apx.com/mymodule/reg/prjView.asp?id1=777
https://thereserve2.apx.com/mymodule/reg/prjView.asp?id1=993
https://thereserve2.apx.com/mymodule/reg/prjView.asp?id1=1070




Random Forest Land Cover 
Mapping

Establish forest cover extent using a 
multi-sensor multi-temporal supervised 
classification approach

● Random Forest Classification  Model

LandTrendr Temporal 
Segmentation

Landsat-based Detection of Trends in 
Disturbance and Recovery (LandTrendr) 
algorithm selected to analyze the 
magnitude of change and the year of 
change in forest areas.

● Temporal Segmentation & Change 
Detection

GEDI Above Ground Biomass 
Modeling

Estimate AGB to understand forest carbon 
stocks using Global Ecosystem Dynamics 
Investigation (GEDI) LiDAR instrument, 
Sentinel-2 optical using a Random Forest 
Regression (RFR).

● Random Forest Regression 

Research Activity 1 Research Activity 2 Research Activity 3

Observed Biomass

P
re

d
ic

te
d

 B
io

m
as

s

Time

N
D

F
I



GEDI 
L2A & 

L4A

Random Forest 
Classification

Landtrendr

Random Forest 
Regression

Landsat 
C2 SRA

nn
ua

l 
20

00
-2

02
4

Sentinel 
1 & 2

S
ea

so
na

l
20

24
-2

02
3

20
24

-2
02

3

3DEP 
Terrain & 
Elevation20

20

1
. Lan

d
 C

over M
ap

Fitting Parameters

Time

N
D

F
I

LTR Array Image

Extract Target 
Segments

Train Classifier

Extract Forest 
Mask

Observed Biomass
P

re
d

ic
te

d
 B

io
m

as
s

2
a.C

h
an

ge 
M

agn
itu

d
e

2
b

.C
h

an
ge 

Year
3

.Fo
rest 

A
G

B

Raster Function Parameter Object

Above 
Ground 
Biomass 
Estimate



Research 
Activity 1

Land Cover Land Use Mapping

● Input: Sentinel-2, 
Sentinel-1, 3DEP DEM, 
3DEP Slope, 3DEP Aspect

● Output: Random forest 
model and land cover 
classification for 2023 
May-Oct



Class Area (Acres)

Water 6,919

Non-Vegetati
on

59,552

Trees-Mixed 223,877

Trees 202,379

Metric Percent

Accuracy 83.2

Precision 90.2

Recall 90.3

F1-Score 90.2
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Yurok Plots

Project Predicted Tree 
Cover Km2

Predicted Tree Cover 
Acres

Ke'pel Creek 11 2718.16

A

B

Research Activity 1 shows extent estimates that align 
well with the CARB third-party extent estimates 

CARB Plot CAFR5090

Ke’pel Forest Plot
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Research 
Activity 2

LandTrendR Year of Maximum 
Loss and Change Magnitude

● Input: Landsat Array Annual 
Image Stack, Index: 
Normalized Difference 
Fraction Index, forest mask

● Output: Magnitude of 
Maximum Loss and Year of 
Maximum Loss



656.673.8

Magnitude

LandTrendr Change Detection
● Year with greatest loss detected

in 2009
● Loss was detected as a high magnitude

Event in Yurok territory in North West
corner

A B

Research 
Activity 2



Most recent loss occurred in 2017 in forest 
with most disturbance found in CARB Plot ID 

CAFR5011 

BA

Research 
Activity 2



Research 
Activity 3

GEDI Above Ground Biomass 
Modeling

● Input: GEDI L4A, Sentinel-2, 
Sentinel-1, 3DEP DEM, 
3DEP Slope, 3DEP Aspect, 
forest mask

● Output: Above Ground 
Biomass raster estimate for 
study area (1,919 km2)



Research 
Activity 3 

shows initial 
methods to 

build a 
LiDAR-based 

AGBD 

AGBD Metric Value

Mean 457.04

Median 256.65

Standard 
Deviation 450.14

Min 22.29

Max 2122.35







● ~86.5% of Yurok ancestral 
territory is forested 
(~426,256 acres)

● Yurok Tribe holistically 
manages 75,000 acres of 
forested areas

● Around 65,730 acres of 
forest area were lost from 
2000 to 2023

● Large disturbance event 
detected in 2009 in 
territory and in 2017 for 
Yurok CARB Forest Plots

(Redwood National Forest, 2016)

https://picryl.com/media/redwood-national-park-california-hdr-nature-landscapes-24900d
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