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ABSTRACT 

 

Frequent and intense droughts have occurred over the last 

decade creating a severe shift in water availability that has 

concurrently increased an expansion of open lands that were 

inundated before by water. This open land will allow 

colonization of invasive non-native species. To select and 

apply the most appropriate flood management practices to 

restore wetland vegetation communities, it is vital to 

evaluate the spatial distribution of native vegetation 

communities, as well as invasive species, within the area. A 

time series of Sentinel-2 data was used to separate 

vegetation communities based on characteristic 

phenological patterns using Spectral Angle Mapper (SAM) 

classifier, using time series signatures instead of spectral 

signatures. Results showed that the best accuracy was 

obtained with the combination of the spectral index NDVI 

and the Spectral Shape Indexes in the green and red parts of 

the spectrum. In addition, results from this research showed 

the usefulness of SAM in the temporal space instead of the 

spectral space as it has been traditionally used. 

 

Index Terms— Phenological patterns, spectral angle 

mapper, wetlands, species invasion, spectral shape indexes 

 

1. INTRODUCTION 

 

Current conditions of consecutive drought events together 

with changes in water deliveries are impacting the ability of 

the refuges to control the colonization of non-native species 

using traditional flood management practices [1]. The result 

of these drought periods has been an significant reduction of 

previously productive wetlands areas that are now colonized 

by invasive species such as perennial pepperweed (Lepidium 

latifolium), poison hemlock (Conium maculatum), kochia 

(Kochia scoparia) and quackgrass (Elymus repens), which 

now dominate wetland management units and considerably 

reducing the energetic carrying capacity and the quality of 

nesting habitats [2]. Invasive species are altering the 

structure of the vegetation of these habitats and its 

functionality [3] e.g., by reducing the number of breeding 

ducks.  

Among the flood management practices to restore wetland 

vegetation communities are flood management rotations that 

include intensive grazing, mowing and chemical treatments 

to facilitate the restoration of wetland vegetation 

communities and adjacent upland habitats [4]. In order to 

define the flood management practices schedule it is vital to 

have accurate spatial information about invasive species 

distribution. Due to the size of the refuge it is difficult to 

carry out on-the-ground invasive species baseline 

assessments. However remote sensing data can provide the 

spatial, spectral, and temporal information to map 

vegetation communities in wetlands. Several studies have 

shown that approaches based on differences in the 

phenological cycle allows species discrimination with a high 

degree of accuracy [5]  

 

2. STUDY SITE 

 

The Klamath Basin of Southern Oregon and Northern 

California (Figure 1) is considered one of the most 

continentally important wetland habitats for migratory 

waterbirds in the Pacific Flyway. It has an extension of 

21,000 ha being a mosaic of vegetation from wetland 

marshes dominated by bulrush and cattails, dry upland 

sagebrush, wooded forests, and farmland dominated by 

grain crops and open water habitat.  

 

 
Figure 1. Location of the study sites (Lower Klamath 

National Wildlife Refuge). The light colored blocks in this 

image represent agricultural fields and the darker areas 

represent wetlands within the refuge. The green line delimit 

the study area analyzed. In this research it was analyzed the 

right part of the polygon.  
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3. data and methods 

 

3.1. Remote sensing data 

 

Sentinel 2A satellite data used was acquired by the 

European Space Agency as part of the Copernicus Program. 

It is provided at no cost to users and is available from the 

USGS Data Center and from the ESA portal. Sentinel 2A 

provides multispectral information in 13 spectral bands from 

visible (10m), near infrared (20m), and shortwave infrared 

(60m) parts of the spectrum with spatial resolutions of 

pixels indicated above, depending on the wavelength. In 

total, we downloaded 16 images from April 9th 2016 to 

September 27th 2016 to cover the entire growing season of 

the species in the area. The Klamath Basin is covered by 

two tiles of Sentinel data. For this analysis just the image 

that covers the higher extension of the refuge was 

considered, thus the study site analyzed has an extension of 

19,000 hectares 

 

3.2. Field data collection 

 

An intensive field campaign was done in summer 2016. The 

data represents the major plant communities within Lower 

Klamath Reserve. In June 2017 a second field campaign was 

done to collect extra location data of the most important 

invasive species in the area, i.e., Pepperweed and Poison 

hemlock and in mid-November there was third campaign to 

collect extra location points of some less common species 

not well represented in the fieldwork of 2016 (i.e., cattails 

(Typha, emergent vegetation), saltgrass (Distichlis spicata) 

and quackgrass. However saltgrass could not be collected 

because it was under water at this time and it was excluded 

from the analysis. 

The fieldwork provided vegetation cover of the most 

important species present in the area. The information 

collected records the dominant species together with its 

percentage cover within a polygon. Polygons vary in size 

depending on records. Only the polygons with more than 

75% of one species were used in the analysis. From the 464 

records only 177 fulfilled this requirement. This restriction 

was used because all plant spectra are similar to each other 

due to shared biochemistry and structures. To identify and 

define species we must use the “purest” pixels possible. 

 

3.3. Methods 

 

We did a preliminary analysis with several spectral metrics 

and three of them were selected: The well-known vegetation 

index, Normalized difference vegetation index (NDVI) and 

the Spectral Shape Indexes αG and αR (Figure 2) that 

represent the angels at the green and red spectral bands. 

Those angles are calculated from the angel formed from 

reflectances of the three consecutive spectral bands using 

the cosine theorem [6, 7]. Since the wavelength used were 

the visible and NIR parts of the spectrum, the spatial 

resolution of the result was 20 m  

 
Figure 2. The Spectral Shape Indexes 

 

The species discrimination was based on the phenological 

patterns between early April and late September in 2016 

(i.e., temporal endmembers). Our hypothesis was that each 

species shows a distinct temporal pattern that allows us to 

discriminate it from the others. 

This phase is critical for the success of the classification. 

The temporal patterns selected must be representative of 

each studied species. The first step was to analyze the 

phenological pattern of each species using the polygons with 

more than 75% coverage and locating these on each image 

date. Ideally, the pattern of a species should be the same 

among the plots dominated by the species and clearly 

different from the patterns of the other species.  

Among the spectral metrics selected NDVI measurements 

provided a high level of discrimination among certain 

species. AG and AR indices show higher variability within 

the same species but they were useful to aid decisions in 

areas where NDVI presented confusing results.  

The classification method selected is a vector comparison 

method called Spectral Angle Mapper (SAM) [8]. It is 

available in the ENVI image processing software package 

and these programs are linked to ESRI GIS programs. It is 

considered appropriate to identify general patterns related to 

phenological dynamics. In the SAM procedure, the 

endmember is considered an n-dimensional vector and the 

difference in shape between two endmembers is calculated 

as the angle between two vectors; thus, a small angle 

indicates high similarity in shape between endmembers. 

This method was performed on a pixel-wise basis: the 

angular distances between the index’s temporal pattern at 

each pixel and the representative endmembers from the 

study area were calculated. Among the polygons of the same 

species, one third were used to define endmembers and two 

thirds to validate the classification.  

Agricultural fields were excluded from the analysis however 

the rows among fields were included because it was found 

the presence of invasive species during the field campaign.  
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4. CONCLUSIONS 

 
Figure 3. Lower Klamath National Wildlife Refuge 

vegetation community map. 

 

Table 1.- Classification accuracy per vegetation community. 

Vegetation community Accuracy 

Emergent Vegetation 31.25 

Grass-mustard 43.40 

Koshia 0.00 

Nettle 75.00 

Pepperweed 59.61 

Poison hemlock 65.03 

Quackgrass 77.22 

Smartweed-goosefoot-rumex 100.00 

Speedweed-bassia 100.00 

Willow 91.67 

 

The main conclusions of this research are summarized as 

follows: 

• Results from this study showed the usefulness of 

the approach based on vegetation phenological 

patterns to discriminate vegetation communities in 

wetlands. Specifically three out of four invasive 

species pepperweed, poison hemlock and 

quackgrass were mapped with a high level of 

accuracy (60 %, 65 % and 77% for pepperweed, 

poison hemlock and quackgrass respectively) 

(Figure 3, Table 1). The lowest accuracy was found 

with Koshia. The poor field data collection of 

Koshia species may explain this result. During the 

second and third campaigns, extra points of this 

species were not collected because it was not a 

target at the beginning of this research. It was 

considered as a separate class almost at the end of 

the study. However, the opinion of the experts 

confirmed that this species is not as badly classified 

as our statistics show.  

• The best classification accuracy was obtain using 

the combination of NDVI and the shape spectral 

indexes in the green and red parts of the spectrum.  

• The Spectral Angle Mapper approach was shown 

to be a useful technique to discriminate 

phenological patterns derived from Sentinel-2 time 

series data. 
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