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Purpose

Design cost effective monitoring method

Establish presence

Monitor spatial extent of Yellow Floating Heart (YFH)
Monitor plant health

Determine plant density



Increasing Frequency

Decreasing Wavelength

AVAVAVAVAIIILLT

Radio Micro Infrared Visible Ultraviolet X-rays Y-rays

What is remote sensing?

“the art and science of acquiring information about an object, without
coming into direct physical contact with the object”

- John R. Jensen
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Remote sensing of aquatic plants

Classification of species and functional groups

Emergent plant signatures often overlap with terrestrial vegetation, water, or
Jell

Improves understanding of seasonal changes of macrophyte growth

Satellites provide repetitive coverage



Conditions for Remote Sensing to be an
effective tool

1. Distinctive vegetation
a) Distinguishable morphology
i. Color
ii. Growth patterns
iii. Biochemistry

2. Significant spatial extent

3. Appropriate spectral and spatial resolution
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Distinctive vegetation

* Only two floating leaved macrophytes
* Yellow Floating Heart
* American Lotus

YFH peak coverage: 51 acres 2018

Data source: Sentinel-2




Sentinel-2, European
Space Agency

e Dual, sun-synchronous satellites
e Sentinel-2 A (June 23, 2015)
e Sentinel-2 B (March 7, 2017)
e 56°Sto 84° N

e Temporal resolution: 5 days

Multispectral Instrument

Land variability monitoring

e Open source data
* Orthorectified
e Geocorrected




Table 1: Wavelengths and bandwidths of M5! instrument spatial resolutions.

Spatial ::::;;mmn S Central ;.:I:';Hength Em;:::nm
10 | 2 | 490 f 65
| 3 | 560 | a5
4 | 665 | a0
: :' 842 ITT:
Sentinel-2 | 20 | 5 | 705 15
MSI I |
7 783 20
83 r 865 | 20
11 | 1610 f a0
12 | 2 190 | 1a0
60 i 1 | 443 | 20
| 9 :' 945 | 20
10 | 1380 30

European Space Agency Sentinel-2



e Collectimagery
e Spectral confirmation of the presence of YFH

e Delineate water pixels, enhance vegetation

* |solate pixels of aquatic vegetation within Lake
MethOdS Carl Blackwell

e Calculate physiological and phenological
parameters

e Validate




Sentinel2 imagery over Lake Carl Blackwell

Total Average revisit time L ongest peniod
images Usable (days) between wisits (days)
2018 45 46.67% 3 10
2017 11 712.73% 20 40
2016 S 62.50% 25.7 40




Eescale spectral
bands of interest

Create False Color

Composites v
11. 8A. 5 Exclude
irrational pixels
Calculate ND'WI Calculate NDWVI
(B3 —B8) /(B3 + B8) (BE —B4)/(BE + B4)

Processing : :

Reclassify index Exclude rrational
pixels

Chain 1

Create a water [ Extract by Mask
mask ‘

Clip to lake
extent
Calculate spatial Calculate Density
coverage (NDVT — Minimum)

(MWaximum — MMinimum)




Establishing Presence




National Agriculture Imagery Program
(NAIP) 2017
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Sentinel-2 10/22/2017 = .
False Color Composite (11,8A,5) (20m) " i
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A Vegetation

* Normalized Difference Water Index

Green — NIR

NDWI =
Green + NIR

* Normalized Difference Vegetation Index

NIR — Red
NIR + Red

NDVI =




Calculating YFH Density

Derived from NDVI

Factor of Fractional Vegetation Cover (FVC)

(NDVI— NDVI

e = [(NDVI

Minimum) ] * 100
— NDVI )

Maximum Minimum

Design treatment options

Monitor treatment efficacy over time
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Future goals

e Determine spectral signature of Yellow Floating Heart

e Automate a code to actively scan for new imagery

e Fully automate spectral analysis process



Conclusions

 UAV imagery and in situ observations validate procedural results

 Open-source data confirms the presence of an invasive species
e Sentinel-2
* high temporal and spatial resolution

e Determined the annual and interannual spatial extent of Yellow Floating
Heart

e 2016 - 2018



Citations

Du, Y., Zhang, Y., Ling, F., Wang, Q., Li, W., & Li, X. (2016). Water Bodies’ Mapping from
Sentinel-2 Imagery with Moditied Normalized Difference Water Index at 10-m Spatial
Resolution Produced by Sharpening the SWIR Band. Remote Sensing,8(4), 354.
doi:10.3390/rs8040354

European Space Agency (ESA). 2015. Sentinel-2 user handbook. Issue 1, Rev 2. EO
Ground Segment and Mission Operations Department. Frascati, Italy.

Gao, Y., Gao, J.,, Wang, J., Wang, S., Li, Q., Zhai, S., & Zhou, Y. (2017). Estimating the
biomass of unevenly distributed aquatic vegetation in a lake using the normalized
water-adjusted vegetation index and scale transformation method. Science of The
Total Environment,601-602, 998-1007. doi:10.1016/j.scitotenv.2017.05.163

Huang, C., & Asner, G. (2009). Applications of Remote Sensing to Alien Invasive Plant
Studies. Sensors,9(6), 4869-4889. doi:10.3390/590604869

Keukelaere, L. D., Sterckx, S., Adriaensen, S., Knaeps, E., Reusen, I., Giardino, C., . ..
Vaiciute, D. (2018). Atmospheric correction of Landsat-8/0LI and Sentinel-2/MSI data
using iCOR algorithm: Validation for coastal and inland waters. European Journal of
Remote Sensing,51(1), 525-542. doi:10.1080/22797254.2018.1457937

Luo, J., Li, X., Ma, R,, Li, F., Duan, H., Hu, W., . . . Huang, W. (2016). Applying remote
sensing techniques to monitoring seasonal and interannual changes of aquatic
vegetation in Taihu Lake, China. Ecological Indicators,60, 503-513.
doi:10.1016/j.ecolind.2015.07.029

Madden, M. (2004). Remote sensing and Geographic Information system operations
f&rG\éegetation mapping of invasive species. Weed Technology Symposium,18, 1457-

Mubhsoni, F. F. (2018). Comparison Of Different Vegetation Indices For Assessing
Mangrove Density Using Sentinel-2 Imagery. International Journal of GEOMATE,14(45),
42-51. doi:10.21660/2018.45.7177

Silva, T. S., Costa, M. P., Melack, J. M., & Novo, E. M. (2008). Remote sensing of aquatic

vegetation: Theory and applications. Environmental Monitoring Assessment, 140, 131-
145. doi:10.1007/s10661-007-9855-3

Song, W., Mu, X., Ruan, G., Gao, Z., Li, L., & Yan, G. (2017). Estimating fractional
vegetation cover and the vegetation index of bare soil and hiFhI dense vegetation
with a physically based method. International Journal of Applied Earth Observation and
Geoinformation,58, 168-176. doi:10.1016/j.jag.2017.01.015

Villa, P., Pinardi, M., Bolpagni, R., Gillier, J., Zinke, P., Nedelcut, F., & Bresciani, M.
(2018). Assessing macrophyte seasonal dynamics using dense time series of medium
resolution satellite data. Remote Sensing of Environment,216, 230-244.
doi:10.1016/j.rse.2018.06.048

Villa, P., Bresciani, M., Bolpagni, R., Pinardi, M., & Giardino, C. (2015). A rule-based
approach for mapping macrophyte communities using multi-temporal aquatic
vegetation indices. Remote Sensing of Environment,171,218-233.
doi:10.1016/j.rse.2015.10.020

Wang, J., Sun, L., & Liu, H. (2012). Monitoring biomass of water hyacinth by using
hyperspectral remote sensing. 2012 First International Conference on Agro-
Geoin{ormatics (Agro-Geoin]%rmatics). doi:10.1109/agro-
geoinformatics.2012.6311673

Xu, H. (20062. Modification of normalised difference water index (NDWI) to enhance
open water features in remotely sensed imagery. International Journal of Remote
Sensing,27(14), 3025-3033. doi:10.1080/01431160600589179



Questions?
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