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» Photogrammetry is “the art, science, and technology of obtaining reliable
information about physical objects and the environment, through processes of
recording, measuring, and inferpreting imagery and digital representations of

energy patterns derived from noncontact sensor systems” (Colwell, 1997:3).

(No Model.) 2 Sheets—Sheet 1,

" . B. ADAMS. |
- ~ METHOD OF PHOTOGRAMMETRY. : o
No. 510,758. ' Patented Dec. 12, 1893.







Pushbbroom Sensor Derived Stereo

Frame Camera Pushbroom Sensor

» Multiple look angles

» Stereo comes from
forwardlap (only)

» Sidelap is minimal
(5-10%), not used




LIDAR Pushbroom
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"NAIP” DAP

National Agricultural Imagery Program (NAIP)
Pushbroom sensor

Canopy surface model (lidar~ish)
Data quality: DAP < lidar

Low cost point cloud

$0.27 - $1.0 / square mile
0.04¢ / acre, 6 - 24 acres for 1¢

Consistent, huge areas (states)
Frequent (2 years)

30cm - 60cm GSD (~3-11 ppm)
4-band
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| = e - ; A powerful, consistent dataset
\' 5 . 3 County level: finest resolution*
| it 5 ¢ Limited ability to make fine scale inference*

| =84

:-—_-L'—____— —.-z-:;:—.:;_:;-_:;_—z-:-———__-——
* without auxiliary information



Some Options

Airborne lidar (expensive, incomplete) "
Various adirborne & spaceborne passive sensors '
LCMS (satellite trajectory)

» Or (and@)

» NAIP Digital Aerial Photogrammetry (DAP)







But First: Some Background

» Washington State DNR
operational with DAP for forest
inventory in 2015*

» Several DAP Updates (RSFRIS
3.0)

» hitps://data-
wadnr.opendata.arcgis.com/d
atasets/rs-fris-polygon-data

*Caleb Maki, Peter Gould


https://data-wadnr.opendata.arcgis.com/datasets/rs-fris-polygon-data

How Is DAP Used?@

» Similar to lidar (ABA)

» 1) Measure field plots in the field
» High Precision GNSS (GPS) !
» Garmin not ok!
» HRMSE->1m

» Need survey grade

https.//fsapps.nwcg.gov/gtac/CourseDownl
oads/Training/Remote Sensing/Lidar Point
Cloud Processing/Exercises/



https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Ffsapps.nwcg.gov%2Fgtac%2FCourseDownloads%2FTraining%2FRemote_Sensing%2FLidar_PointCloud_Processing%2FExercises%2F&data=02%7C01%7C%7Cc0c8997dc4964458ec5308d86ae03858%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637376858532742658&sdata=1ZvM7BeW76T4wUarckbhG9CcxrNs3n4VCqguqa%2BhhoE%3D&reserved=0




How Is DAP Used?

» Similar to lidar

» 3) Fit a model

y= f(x) + error




How Is DAP Used?@

» Similar to lidar

» 3) Predict / estimate

il ook

https://data-
wadnr.opendata.arcqgis.com/datas
ets/rs-fris-polygon-data TR TR e e e e



https://data-wadnr.opendata.arcgis.com/datasets/rs-fris-polygon-data

A key difference (lidar vs DAP)

» Lidar Measures ground

» DAP needs a ground model
» Lidaris best
» USGS is ok (NED2*)

*National Elevation Dataset












Summary of Pushioroom DAP Results

Clear visual defects in DAP (relative
to lidar)

Metfrics strongly agree with lidar
(pixel, plot level)

DAP metrics have high correlation
with wide range of Forest attributes

3-4 fold relative efficiency (versus HT
Simple Random Sample)

Advantages of using DAP + Env.
gradients + Landsat




Jeremy Webb 2020 CT Report

Point Clouc CEENEEREE 65! 40 Leica XFro

Results Vary

NaaVamyy V VvV Vv

Scale (tree vs plot vs stand etc.)
Approach (visual, stafistical)

Attribute (P05 vs P90)

Software (socet, xpro)

Vendor, imagery, analyst, location ...
[MUST PROCESS USING ORIGINAL IMAGES]

[SOFTWARE SPECIFIC PYRAMIDS]
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volume

7.5cm? 88 20
15cm 32
30 cm 32
40 cm PB 35
lidar 30

dataset R? RMSE

R? RMSE

90 10
o1
89
91

122.83° W

trees/ha

47.42° N

R> RMSE

57 30 | 123.17° W 122.83° W
42 e kM

0 5 10 15
40
44 :) 1PIot Locations
L .'7.5cm DAP
34 CJALS, DAP (< 7.5cm)

Service Layer Credits: Esri, HERE, Garmin, (c)
OpenStreetMap contributors, and the GIS user community

Strunk, J.L.; Gould, P.J.; Packalen, P.; Gatziolis, D.; Greblowska, D.; Maki, C.; McGaughey, R.J.
Evaluation of pushbroom DAP relative to frame camera DAP and lidar for forest modeling. Remote
Sensing of Environment 2020, 237, 111535, doi:10.1016/].rse.2012.111535.



https://doi.org/10.1016/j.rse.2019.111535

Modeling Analysis #2

» WA-wide study with FIA plots

» Alternatives (to NAIP DAP) large-area
data sources

» LandTrendr fitted tasseled cap vertices and
NBR

» Topographic indices
» Climatic Indices Environmental Gradients

» Soilindices




R-Squared Values for Best Models
(Max of 3 Predictors)

DDI
SVPH_GE_25.1
TPH_GE_75
BAH_PROP

SVPH_GE_25

SDBA
SDDBHC
SDDBH
SDI
STNDHGT
HCB

sc
SIZECL
QMD_GE_3

CANCOV

AGE_DOM
VPHC_GE_3
TPH_GE_3
BPH_GE_3_CRM

BA_GE_3

EnvDAP
EnvLsDAP




Kenneth.Piercelr@dfw.wa.gov



2006-2017 HRCD E
Puget Sound
Change Map

251,440 Change events
367,070 Change acres

266,002 Acres Timber harvest

Event size is
exaggerated for
visibility.

Scale: WRIA 3 outlined ~366,000 acres

Green: Forestry,
Pink: Tree Removal (non-Forestry)
Orange: Development tsr, HERI, Garmin, (€) opersueetVao confrikuters, ard the 7IS 1520 .o mprunt) V




Conclusions

DAP can be used for large area forest mapping
Tree scale results lacking (visual inspection, individual trees, gaps)
Results vary

ey VvV Vv

Improvements when paired with LS, Env

NAIP DAP has good Valuel
High resolution (1-2 feet)

Frequent and inexpensive
$100,000 vs $30,000,000 (lidar) for Oregon

V. Vi Vst N

Conterminous USA = 3,119,885 sq miles



Some remaining research questions:

» Satellite DAP

» Forest / non-forest, forest area
» Canopy fuels

» Disturbance

» Growth

» Individual Tree Detection






Some Options

Airborne lidar (expensive, incomplete)
Various airborne & spaceborne passive sensors
LCMS (satellite trajectory)

ey VvV Vv

» Or (and?)

» NAIP Digital Aerial Photogrammetry (DAP)
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Advantages of
“NAIP" DAP

» Consistent state-wide forest
structure

» Frequent (2- years)

» Wall-to-wall Height, 1-2 foot GSD

» Affordable
» $100k for OR for 2020*

*Prices can vary dramatically
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FIA Plot Grid

T

» A powerful, consistent dataset




FIA Plot Grid 36

» A powerful, consistent dataset

» County level: finest resolution®

» Limited ability to make fine
scale inference*

* without auxiliary information



DAP (Point Cloud) Evaluation
eifelele]

lidar DAP (3")

20t Percentile

median

5" percentile



2018 CT, QSI, 40 cm, Leica Xpro

DAP saturates at 60% lidar ¢

Percentage of point above 2m

over

correlation=0.79

2015 Lidar Cover %

2015, WA, WA DNR, 40 cm, Socet
DAP saturates at 75% lidar cover

2015 DAP Cover %

Strunk, J.L. et. al. Evaluation of pushbroom DAP relative to
frame camera DAP and lidar for forest modeling. Remote
Sensing of Environment 2020, 237, 111535




Other People’s Work

@ HreD x  +

< CcC 0 & hred-wdfw.hub.arcgis.com

) Home Data Metheds ~ Documentation Projects FAQs  Contact

» Change Detection
» Forest Mask

» Streams

High Resolution
Change Detection

hrcd-wdfw.hub.arcgis.com
Kenneth.PiercelJr@dfw.wa.gov



2006-2017 HRCD E
Puget Sound
Change Map

251,440 Change events
367,070 Change acres

266,002 Acres Timber harvest

Event size is
exaggerated for
visibility.

Scale: WRIA 3 outlined ~366,000 acres

Green: Forestry,
Pink: Tree Removal (non-Forestry)
Orange: Development tsr, HERI, Garmin, (€) opersueetVao confrikuters, ard the 7IS 1520 .o mprunt) V
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*Kennedy et al. (2010), Rem. Sens. Env.

Landsat

(LandTrendr)

Temporal
normalization and
segmentation

at pixel level

Minimizes noise from
sun angle, phenology

Segments describe
sequences of
disturbance, regrowth

Yearly time-step

Detects gradual and
subtle changes

Normalized imagery
for multiple years for
GNN modeling




Environmental Gradients

Climate

Elevation

Soils / Geology
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2017 Puget Sound .
Canopy Map ‘
Current Extent

Esri, HERE, Garmin, (c) OpenStreetMap contributors, and the GIS user community



2017
Mapped
Surface
Water and
Gravel

Department of Fish and Wildlife




2006-2017
Change
Locations

2006-2009
2009-2011
2011-2013
2013-2015
2015-2017

Department of Fish and Wildlife
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R-Squared Values for Best Models
(Max of 3 Predictors)

DDI

100

SVPH_GE_25.1
TPH_GE_75

BAH_PROP

80

SVPH_GE_25
SDBA
SDDBHC

SDDBH

60

SDI

STNDHGT

HCB

40cm PB

40

sC
SIZECL
QMD_GE_3

CANCOV -

20

AGE_DOM

VPHC_GE_3

TPH_GE_3

BPH_GE_3_CRM

BA_GE_3

Env

Ls

DAP —
EnvLs
EnvDAP
LsDAP

EnvLsDAP

*FIA doesn’t “measure” cover or closure, it is an allometric prediction

w Department of Fish and Wildlife



WA State, 30cm frame, Trimble Inpho




Pushbroom

WA State, 40cm pushbroom, Socet WA State, 30cm frame, Trimble Inpho

=
: . Department of Fish and Wildlife
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