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Outline

« Background

» LIDAR based forest inventory and LAl (leaf
area index)

— Large woody supply potential
— Solar energy attenuation

 Future work



decision support tools can
be driven by geospatial data
and applications

Background

[J Solar energy attenuation (thermal loading) and large woody supply
potential are two ways of describing the ecosystems function of
riparian forests

[0 Thermal loading is the relative potential for stream warming; not stream
temperatures (would need site specific calibration)

[J Field studies represent only a snapshot in the spatiotemporal
continuum, remote sensing can assist with spatially explicit modeling at
a site, watershed and landscape levels

[0 Understanding the riparian function supports watershed restoration
and conservation



Airbore LIiDAR
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Ground-based LiDAR

Easy to get: Stem location
Height
Density
Harder to get:  Species
Crown diameter
Height to crown

Can not get directly:
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LIDAR Dbased forest inventory

e o N T
LIDAR Canopy Surface Model for 1/5"-acre Plot Tree Crown Apexes Located through Individual Tree Stem Locations and Heights
Morphological Analysis (vertical brown arrows)

Many inventory metrics
have been developed
over the last 10 years
(most are data quality
specific)

LiDAR point LiDAR point

cloud cloud with

modeled trees
Andersen 2003, UW Precision Forestry Cooperative




LIDAR based tree crown surface reconstruction

Can we develop a universal approach to
derive LIDAR based tree parameters?

*  Multitemporal
approach through
X, Yy z Cartesian
matrix algebra can
indentify where in
the crown the
change has
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C: Tulip Tree (Liriodendron tulipifera)
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D: Atlas Cedar (Cedrus atlantica)
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E: Oak(Quercus sp.)
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Correlation of crown volume estimation between field and wrapped surface
measurement (left) and crown volume derived from the wrapped surface and field
measured DBH (right). Grey circles and line represent coniferous trees and black
triangles and line represent deciduous trees. Dashed line represents one-to-one
correlation; p-values are 0.00 (< a = 0.05).

Visualization of the wrapped surface reconstruction. Shown are
Douglas-fir (A), western red cedar (B), tulip-tree (C), atlas cedar (D),
oak (E) , and maple (F). Ht: Tree Height, C

W: Crown width.

Kato, A. Moskal L.M., Schiess, P. Swanson, M., Calhoun, D. and W. Stuetzle, 2009. Capturing Tree Crown Formation through Implicit Surface Reconstruction using Airborne

LiDAR Data, Remote Sensing of Environment 113(6); 1148-1162.



http://linkinghub.elsevier.com/retrieve/pii/S0034425709000339
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Beyond inventory: fuel metrics
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http://dx.doi.org/10.1016/j.rse.2009.11.002

Forest inventory characterization from ground-
based LIDAR

1 |

Decidupus Stand

3-D perspective view of point cloud
data for deciduous forest stand

3-D perspective view of point cloud data for
conifer1 forest stand

King County

3-D perspective view of point cloud
data for mixed forest stand

3-D perspective view of point cloud
data for conifer2 forest stand

Moskal, L.M. and G. Zheng, 2010. Forest Inventory Characterization from Ground-based LiDAR , Journal of Forestry (in review).



Forest inventory (dbh)

Moskal, L.M. and G. Zheng, 2010. Forest Inventory Characterization from Ground-based LiDAR , Journal of Forestry (in review).



Forest inventory characterization from ground-
based LIDAR (dbh, height)
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Moskal, L.M. and G. Zheng, 2010. Forest Inventory Characterization from Ground-based LiDAR , Journal of Forestry (in review).



Large woody supply potential

* Theoretical steps to estimate development
— Produce a LIDAR based terrain model
— Generate streams
— Buffer streams
— Indentify unstable slopes

— Produce canopy models for areas with unstable
slopes

— Indentify large trees (health?)
— Assess woody supply potential



Worihing {m}

Remote sensing of canopy gaps

LIDAR Canopy Height Map
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Andersen 2003, UW Precision Forestry Cooperative



Solar energy attenuation
based on LIDAR derived LAI

(leaf area index)

Leaf Area Index (LAI) is the ratio of total
upper leaf surface of vegetation divided by
the surface area of the land on which the
vegetation grows. LAl is highly correlated
to:

*Net Primary Productivity (NPP)
*Rainfall interception

«Carbon sequestration
*Process-based Ecological Models
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Relationship between LAl and LIDAR pPAI
(projected plant area index)
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Zheng G., Moskal L.M, 2009. Retrieving Leaf Area Index (LAl) Using Remote Sensing: Theories, Methods and Sensors. Sensors 9(4):2719-2745


http://www.mdpi.com/1424-8220/9/4/2719
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LAl in heterogeneous (urban) forest:
UW Arboretum

The most simple metric, the ratio of all canopy returns to the number of ground
first returns (LIDAR Canopy Return Index), is well correlated to ground LiDAR,

but suffers from a tendency to saturate at LAl larger than 3

LiDAR Canopy Return Index (m m™)
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Field estimated LAI (m2m2)

Richardson, J., Moskal, L. M. and S. Kim, 2009. Modeling Approaches to Estimate Effective Leaf Area Index from Aerial Discrete-Return LiDAR, Agricultural and Forest Meteorology

149, 1152-1160.


http://linkinghub.elsevier.com/retrieve/pii/S0168192309000409
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LIDAR coverage
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Pilot study sites
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Watershed outlines




Watershed area 1 with terrestrial LIDAR plots










LULC of watershed area 1
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Simplified LIDAR Based Thermal Loading Model

Schematic for obtaining solar energy attenuation from LiDAR.
The LiDAR-based terrain model is used in conjunction with
canopy density metrics to model solar conditions for 365 days
out of the year. The 365 models are combined to produce a
thermal loading potential surface. The same technique can be
applied on spatial explicit watershed coverage provided by aerial
LiDAR and to calibration sites from terrestrial LiDAR.

Source: Moskal and Park 2010

Solar Radiation Model Parameters:

* LiDAR topographic shading

* LiDAR aspect

* LiDAR Vegetation height/canopy density (LAI)
* geographic location (latitude)

* resolution (data dependent)

Model output (watt/m2) is spatially continuous but can be buffered
for streams and other features
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Ground vs. Aerial DEM Surface

10 m

USGS DEMs will only have one value for the whole plot



Ground vs. Aerial Radiation
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Next Step

Integrate LiDAR derived
metrics with

Earth Systems Institute’s
NetMap Tool

Figure|2-60. NetMap’s thermal tool assumes streamside vegetation is rectangular in

shape with a height, width and vegetation density. Sunlight passing through streamside
vegetation is attenuated by Beer’s Law.

Source: NetMap, Earth Systems Institute



Future LIDAR Based Work

» Refine solar energy attenuation
(implement canopy roughness into
models)

» Test model in riparian zones adjacent to a
wide range of LULC (will need
better/newer LULC maps)

» Continue work on large woody supply
potential estimation

« Sediment loading estimation



Collaborators

S ensing &

« Joowon Park, PhD Candidate, UW o e
Remote Sensing and Geospatial Remote Sensinas Grospana A mavms
AnalySiS Laboratory Mo Tk : PN Publicstions 3oin REGAL Mews & Events Contact Ux

« Dr. Dylan Fisher, Evergreen
Ecological Observation Network and
Field Ecology Lab, The Evergreen
State College

« Dr. Carri LeRoy, Aquatic Ecology
Lab, The Evergreen State College

« David Kuhn, City of Olympia

« USDAFS PNW (Bob McGaughey for
some of the LIDAR animations)

* Field Assistants: Meghan Halabisky, Ryan
Leon, Justin Kirsh, Alexandra Kozakova,

Jeff Richardson, Guang Zheng http://depts.washington.edu/rsgal/

Contact: Immoskal@uw.edu


http://depts.washington.edu/rsgal/
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