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Summary of Research Agenda

• Develop decision tools for sustainable range management by 
assessing forage quality and quantity with remote sensing-based data

• Model the capacity for forage to meet herd nutritional needs

• Estimate residual biomass needed for wildlife cover

• Evaluate multiple spectral data sources and platforms with respect to 
information needs for large landscapes

• Evaluate predictive strength of vegetation indices at multiple time 
points

Northern Great Plains Mixed-Grass Prairie 
Grand River National Grassland Trained imagery to 

select herbaceous 
vegetation in 
allotments- 36,000 ha 

10 years of MODIS 
data unsupervised 
classification- 4 colors

Stratification and plot 
selection

Landsat
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Spectra

Landsat 5 and 7 Landsat 8

Wavelength (nm) Description Wavelength (nm) Description

Band 1 450 - 520 Blue 430 - 450 Coastal Aerosol

Band 2 520 - 600 Green 450 - 510 Blue

Band 3 630 - 690 Red 530 - 590 Green

Band 4 760 - 900 Near InfraRed (NIR) 640 - 670 Red

Band 5 1550 - 1750 Short Wave InfraRed 1 (SWIR 1) 850 - 880 NIR

Band 6 10400 - 12500 Thermal InfraRed (TIR) 1570 - 1650 SWIR 1

Band 7 2080 - 2350 Short Wave InfraRed 2 (SWIR 2) 2110 - 2290 SWIR 2

Band 8 500 - 680 Panchromatic

Band 9 1360 - 1380 Cirrus

Band 10 10600 - 11190 TIR 1

Band 11 11500 - 12510 TIR 2

Index Acronym Equation1  

EVI Enhanced 
Vegetation Index 

 

Simple Ratio 
Band5/Band4 

 

MTVI1, modified 
transformed 1 

 

NDSVI, normalized 
senescent 

 

NDVI  
Normalized Difference 

SATVI  
Soil Adjusted VI 

 

Simple Ratio       
Band 7/Band 1  
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Field, DEM and Image Data Collection Pre and Post-Grazing 2010-2012
• Plant biomass (green and senescent)
• Plant nitrogen content
• Plant moisture
• Topographic position
• Spectral vegetation index
• Species
• Bare Ground

Used an iterative model selection procedure for building linear 
prediction models for Total Standing Crop (TSC) and nitrogen

METHODS
 

Image Date Position Predictive Equation 

Jul 2010 All TSC (kg ha−1) = 7415 + (EVI × 2077) − (SWIR­SR × 9776) − (%water × 34) 

Oct 2010 1 TSC (kg ha−1) = 6720 −  SWIR­SR × 5153 − (%water × 25) − 548 

 2 TSC (kg ha−1) = 6720 − (SWIR­SR × 5153) − (%water × 25) 

 3 TSC (kg ha−1) = 6720 − (SWIR­SR × 5153) − (%water × 25) 

Jul 2011 1 TSC (kg ha−1) = 7987 + (SATVI × 7.8) − 5624 − SATVI 

 2 TSC (kg ha−1) = 7987 + (SATVI × 7.8) 

 3 TSC (kg ha−1) = 7987 + (SATVI × 7.8) 

Jun 2012 1 TSC (kg ha−1) = 4434 − (EVI × 27) − (%water × 34) + (EVI2 × 5.4) − 1706 

 2 TSC (kg ha−1) = 4434 − (EVI × 27) − (%water × 34) + (EVI2 × 5.4) − 1078 + (160 × EVI) 

 3 TSC (kg ha−1) = 4434 − (EVI × 27) − (%water × 34) + (EVI2 × 5.4) 

Oct 2012 1 TSC (kg ha−1) = 5618 + (SATVI × 1.8) − (SWIR­SR × 1963) − 798 

 2 TSC (kg ha−1) = 5618 + (SATVI × 1.8) − (SWIR­SR × 1963) 

 3 TSC (kg ha−1) = 5618 + (SATVI × 1.8) − (SWIR­SR × 1963) 

RESULTS
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Canopy structural and chemical data are needed for senescent, mixed-grass prairie 
landscapes in autumn; yet data-driven models are lacking for rangelands dominated by 
non-photosynthetically active vegetation (NPV). We report how field data and aerial 
hyperspectral imagery were modeled to predict canopy attributes post growing-season 
using two approaches: (1) application of narrow spectral regions with Vegetation 
Indices (VIs) and (2) application of the full spectrum with Partial Least Squares 
Regression (PLSR). Analyses of the full spectrum using PLSR resulted in slightly 
lower root-mean-square error of prediction, as compared to VIs, which represent 
reflectance ratios for specific spectral bands. 

Keywords: remote sensing; grassland; landscape; Partial Least Squares Regression 
(PLSR); Vegetation Indices (VIs); Short-Wave InfraRed (SWIR) 

 

 
 

Introduction 

Adaptive rangeland management plans require data at local and landscape scales to assess 

effects of climate and disturbances on canopy structural and chemical characteristics, such as 

photosynthetically active vegetation (PV), non-photosynthetically active vegetation (NPV), 

total standing crop (TSC), canopy nitrogen (N) content, percent bare ground (%BG), and 

canopy height (Moran et al. 1997; Hunt et al. 2003). Furthermore, agencies tasked with 

managing rangelands for multiple ecosystem functions often require these data pre, post, and 

during the growing season, particularly for wildlife habitat assessment (Dechant et al. 2002; 

Fisher and Davis 2010; Herrick et al. 2012). Managers in North and South Dakota, USA, 

typically manually measure canopy height in autumn after cattle are removed to evaluate the 

remaining canopy structure important to rare and threatened avian species. Another, perhaps 

complementary approach includes synoptic mapping of canopy structural attributes with 

remote sensing-based data (Pickup et al. 1994; Toevs et al. 2011). Remote sensing techniques 

have been developed when plants are mostly green to help meet rangeland forage information 

needs (Tucker et al. 1983; Guerschman et al. 2009; Brinkmann, Dickhoefer, et al. 2011; 

Brinkmann, Patzelt, et al. 2011), but techniques are lacking for senescent canopies post- 

growing-season (Tucker 1978; Roberts et al. 1993; Roberts et al. 1998; Rundquist 2002). The 

need to assess rangelands following grazer removal in autumn (Bement 1969) and the 

potential for hyperspectral data applications are clear; however, specific approaches to 
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