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Outline

• Introduction: Managing large rangelands for multiple
uses

• The Problem: Are current canopy assessment
methods spatially representative?

• Approach: Dual field and remote sensing-based
assessment method

• Results: How do methods compare?
• Future possibilities



National Grassland Management Issues
Discussed Winter 2010

• Grassland canopy structure is important to wildlife,
particularly sensitive bird species, for predator protection

• Minimum canopy height is needed for bird species
• Monitoring is currently performed each autumn with manual

transect surveys
• Could remote sensing-based maps be developed to monitor

mixed-grass prairie canopy structure for the entire
landscape?

• Can we address questions around adaptive management?



Current Field Monitoring Method



Fundamental premise to field-based grassland
structural assessment



What about structure – biomass relationships following
plant senescence?



Remote Sensing Issues



Remote Sensing
Monocultures of
Green Vegetation



What about spectral – plant relationships following
plant senescence?



So what do we know?

• Current Robel pole random
transect technique covers <1% of
the GRNG.

• Spectra for Non-
photosynthetically active
vegetation (NPV) is distinctive
from green (PV) vegetation.

• The GRNG is a heterogeneous,
mixed-grass landscape.

What don’t we know?

• if Robel pole-based estimates of
total standing crop (TSC) are valid
in autumn

• if Landsat bands can be modelled
to estimate TSC for NPV mixed
with PV

• If Robel pole-based estimates are
consistent year-to-year



Approach to Developing New Method

• Time series of imagery coincident with field campaigns
• Determine spectral-canopy relationships:

– Total Standing Crop (TSC)
– Canopy Nitrogen
– Bare Ground Percentage
Measure other key covariates (water content, species cover, etc.)

• Determine the error for estimating total standing crop using
spectral-based models compared to Robel pole-based models.



Methods Overview

• Classify landscape into herbaceous vegetation only.
• Stratify herbaceous landscape into Historical

Reflectance classes  using 10-day MODIS composites
peak season

• Randomize plots and split into summit, midslope and
toeslope positions

• Collect biomass, height, species, and reflectance data
in July and October

• Model data to estimate canopy structural variables
and assess error



Historical
Reflectance Index

(unsupervised
classification)







Time series data for species,
bare ground, leaf area, total
standing crop, canopy height
(VOR), green and senescent
plants

PIXEL-BASED SAMPLING



Modelled DEM for the AOI



LANDSAT AND ASTER NDVI VARY WITH TOPO JULY 2010







Model Selection Procedure

Inputs: Topographic position,
historical reflectance class, spectral

index values (NDVI, EVI, simple band
ratios, etc.), plant moisture content







Model Validation Landsat TSC Estimates
Hold-Out Samples

LANDSAT TSC (KG HA-1) TSC-N (KG HA-1)
MONTH YEAR RMSE RMSE
OCT 2010 690 8
OCT 2012 620 6

VOR estimates TSC (kg ha-1)

October 2010 753

October 2012 342

Model Validation VOR TSC Estimates
Hold-Out Samples



Hyperspectral Image Oct 21, 2010
AVIRIS - NASA JPL





Hyperspectral Image Oct 2010
AVIRIS - NASA JPL

• TSC RMSE = 611 kg ha-1

• TSC-N RMSE = 6 kg ha-1











How did October 2010 Landsat map
results compare with VOR transects

collected by USFS?
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WHAT WE LEARNED
• Historical reflectance and assists with sample design
• Topographic position important
• Pixel sampling makes sense
• VOR-TSC relationships are not consistent
• Canopy properties are dynamic

– Species
– Conditions
– Height
– Proportions of PV, NPV, Bare Ground
– VOR-Biomass relationships



Autumn maps fulfill monitoring
needs with post-grazing data

What about adaptive management?





Summary

1. Grassland canopy structural properties can be
mapped for the GRNG landscape

2. Year-to-year comparisons can provide the historical
context for adaptive management

3. Weather and image data can be modeled to estimate
annual production

4. These data are needed for climate change monitoring



THANK YOU!


