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WHY THIS RESEARCH

“¢ VEGETATION PRODUCTIVITY IS A MEASUREMENT USED TO
DEFINE THE STATE OF VEGETATION OVER TIME AND
ACROSS ECOSYSTEMS

* THESE ECOSYSTEMS ARE CRITICAL FOR THE FUTURE OF

SOCIETY, FOR EXAMPLE :
* GRASSLANDS FOR BEEF AND DAIRY PRODUCTION
* AGRICULTURE FIELD FOR SUPPORTING CROPS,

* FOREST FOR TIMBER
 THESE ARE JUST A FEW EXAMPLES OF THE IMPORTANCE OF

MONITORING VEGETATION PRODUCTIVITY
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WHY THIS RESEARCH

* TO ESTIMATE ANNUAL VEGETATION PRODUCTION OVER
LARGE AREAS USING SATELLITE DATA

* TO FACILITATE THE GENERATION OF FUTURE DATA FOR
UPCOMING YEARS



> OBJECTIVES

1. PRODUCE A DATASET OF AN ESTIMATE FOR ANNUAL
VEGETATION PRODUCTIVITY FOR THE CONTERMINOUS U.S.

2. GENERATE A REPRODUCIBLE WORKFLOW FOR FUTURE
YEARS.



= METHODOLOGY

* ENHANCED VEGETATION INDEX (EVI) — GREENNESS VALUE
FROM TERRA-MODIS (MODERATE-RESOLUTION IMAGING
SPECTRORADIOMETER)

Greenness value

EVi= € Pwir = Prea Ratio of Red, Blue, Near-IR
Pawir T CiPrea — CiPoie + L and coefficients

* TIMESAT — TIME SERIES ANALYSIS
* R-STUDIO



THE WORKFLOW

Image preparation
and storage Time Series

Google Earth Engine @ARS-High Preparation
Data extraction Performance R-studio
Server GDAL

(STORM)

R-Studio
Convert TimeSat TimeSat Software

Google Earth Engine

Final Product ingested into . . .
GEE outputs into GeoTif Time Series Analysis

images




GOOGLE EARTH ENGINE
(GEE) AND MODIS

* GOOGLE EARTH ENGINE (GEE)

C | & Secure

https//code.carthengine.google.com/5d

Y| i

Search places and datasets.

Help v gbonsa@emal arizona.edu v

* ENHANCED VEGETATION INDEX (EVI) —
GREENNESS VALUE FROM TERRA-MODIS
(MODERATE-RESOLUTION IMAGING

Google Earth Engine

[ Docs Assets

Filter scripts

~ Owner (2)

- users/gbonsa/default
B UntitledFile
Beviusjs

~ users/ghonsa/saydou
This rey

> Writer

~ Reader
No accessible repositc

- Examples

~ Image
i From Name
liNormalized Difference
BiExpression
K Hillshade
liLandcover Cleanup
I Reduce Region
[ Canny Edge Detector
i Center Pivot Irrigation Detector
K Clamp
T Connected Pixel Count
KHSV Pan Sharpening
| Hough Transform
| Modis Qa Bands
liPixel Area
liPixel Lon Lat
li Polynomial
i Zero Crossing

~ Image Collection
K Clipped Composite
N Expression Map
liFiltered Composite
BiLinear Fit
liSimple Cloud Score
[ Landsat Simple Composite

~ Feature Collection
i From Fusion Table
i From Polygons
i Buffer
T Computed Area Filter
ki Distance M

ory is empty

Link 5d1df6a796ccaa5h2d837161071b7994

Get Link

y_from_Us_regions.fjs
y MODIS products clipped by a provided
Guillerno € Ponce-Campos

4/04/01

pefile

fap. setCenter(-110.0

var The_Region = prompt("Enter U.S. S

var pixelRes = 23
var satProduct = 'HoD
1D1301
231.656357
var mypalette

"FFeees

00000, 0OFFE0" ;
,CE7E45, DF!

ar EVI_Pal
var EVI_Palette =

usion ta
var regionAZ

var watersheds
var US_states =

var bdryRegion = ee.FeatureCollection(regionaZ);
var bdrynatersheds = ee.FeatureCollection(atersheds);

## Function to mask pixels out of an area of interest (aoi) ####¥ {

var maskAndFill = function(image, aoi) {
var mask = ee.Image(e).byte().paint(aoi, 1);
var fill = mask.not().multiply(-9999);

return inage.multiply(mask).add(fill);

Run [ Reset - [ 3

Inspector [Car] Tasks

Use print(...) to write to this console.

Processing region US
Processing region US
Processing region US
Processing region US
Processing region US
Processing region US
Processing region US
Processing region US
Processing region US
Processing region US
Processing region US
Processing region US
Processing region US
Processing region US
Processing region US
Processing region US

Processing region US

for year
for year
for year
for year
for year
for year
for year
for year
for year
for year
for year
for year
for year
for year
for year
for year

for year
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2000 Son
2001 50
2002 I500
2003 5o
2004 350
2005 5o
2005 350
2007 SO
2008 35

2009 Son
2010

2011 I500
2012 5o
2013 350
2014 o
2015 350
2016 5o

SPECTRORADIOMETER)

MODERATE RESOLUTION IMAGING
SPECTRO-RADIOMETER

AN magnyg radometer ompioying & Cross-track scan mirror and collecting
optes and @ st of iIndvicual detectior slements 1o provide imagery of the
Eatis surtace and clousd cover in 36 dicrete spoctal bands.

*MODIS (MODerate-
resolution Imaging
Spectroradiometer)



RSTUDIO
NTEGRATED DEVELOPMENT ENVIRONMENT

~/DATA/R_PROJECTS/iEVI_US - RStudio

—

File Edit Code View Plots Session Build Debug Profile Tools Help
d-% & - =2 0 & A ceminmn B - Addins « @ v us -

<) main.Rmd B Us_TimeSat_Landcover_Settings... ) listing.sh =[]  Environment | History Connections = Im CI e
oo A 2" e ] rreview - ¥ - Oginsert - 4 § B Run- S & B [ oConsole 4 ToSource XJ Q

vBinToMatrix <- matrix(vFlatBinary, nrow=nRow, ncol=nCol, byrow=TRUE) .
VFlatBinary readBin(vFileCon, double(), n=vN, size=4, endian='little", signed=TRUE #Convert Matrix into RasterLayer using a raster template to get all t.. roceSSIn
vMatrixToRaster <- raster(vBinToMatrix, template=vRasterTemplate) p g
vBinToMatrix matrix(vFlatBinary, nrow=nRow, ncol=nCol, byrow=TRUE # Write raster as geotif
vFinalRaster <- writeRaster(vMatrixToRaster, varFile, format="GTiff",..
vMatrixToRaster raster (vBinToMatrix, template=vRasterTemplate }
for (varFile in varAllFiles) {
vFinalRaster writeRaster (vMatrixToRaster, varFile, format 1ff", overwrite=TRUE, NAflag=-1, datatype="FLT4 print (paste("Processing file => ",varFile,sep=""))

# Open binary file output (connection to file) from Timesat

vFileCon <- file(varFile, 'rb')

# Use connection to read binary data using data type, number of eleme..
vFlatBinary = readBin(vFileCon, double(), n=vN, size=4, endian="littl..
#Convert information from binary file into a Matrix

16:36 I processMultiBand(vAles, iy, vSeq, vOutFolder, vName) * RIMaTKdGWRE=] vBinToMatrix <- matrix(vFlatBinary, nrow=nRow, ncol=nCol, byrow=TRUE)
#Convert Matrix into RasterLayer using a raster template to get all t..

Time series
preparation

Console | Terminal == | vMatrixToRaster <- raster(vBinToMatrix, template=vRasterTemplate)
wp Terminal 1 (busy) + = ~/DATA/R_PROJECTS/IEVI_US/settings @ @ # vrite raster as geotif
Working... vFinalRaster <- writeRaster(vMatrixToRaster, varFile, format="Griff",..
Finished writing data }
File format 32-bit real getwd()
[sbonsa@storm settingsl$ TSF_seas2img.x64 US_Timesat_Landcover_settings_TS.tpa 11 391 414 -9999 -9999 US_Yr2016_SI 3 O 1. T
------------------------------------------------------------------------ Fles Plots Packages Help Viewer T U pU

Program TSF_seas21mg
Program for generating images from TIMESAT seasonality files
Arguments: infile seaspar datemin datemax misseason misspix nameout filetype

2 Zoom HHExport+ X Publish . €

-

images
TIMESAT version 3.3 g
Copyright Per Jonsson and Lars Eklundh

per.jonsson@mah.se, lars.eklundh@nateko.lu.se -

Feb. 2017 generqtbon
Opening US Yr2016 SI_seasonl 000
Opening US_Yr2016_SI_season2 100000
Opening US_Yr2016_SI_nseas 50000

Opening US_Yr2016_SI_errors.txt
Opening US_Yr2016_SI_both_seasons

working...

Finished writing data
File format 32-bit real
[sbonsa@storm settings]ls i
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TIMESAT Graphical User Interface

Row: 7141 Column: 6936
2600
Data plotting T T T T T T T T T T T T T T T T T T T
|v| Lines | Points | | Weights 2400 h
el Fitting method
None 2200 ]
Savitzky-Golay
\/ Asyrnm. Gaussian

Double Logistic
Coarse seasonality
STL season / trend

2000

1800

L« C

1600
v| Season start / stop

TimeSat

1400

Plot next series ‘

|

Common settings 1200

Data
range | -10000 to ’;o:c:

1000

Amplitude value 0

Spike method

800 L | | | 1 | | 1 | | | | | | | 1

| | |
0: none - 1 24 47 70 93 116 139 162 185 208 231 254 277 300 323 346 369 392 415
2600 | Uie UREEI Seasonality data
STL stiffness value 3 PIOF axes [v x-tick at year - v -
limits: s [ ass Savitsky-Golay fit . . P
Number of nodata: 0 [ Gridlines — Seas. Startt Endt  Length Base val Peak t. Peak val.  Ampl. L.deriv. R.deriy
- L] Legend 1 10.04 18.16 8.113 1293 14.13 1561 268.5 54.51 38.1
800 | ! ! ' . . . !
— - 2 33.04 40.74 7.700 1312. 37.03 1561. 249.1 54.51 39.4
Class-specific settings 3 53.35 68.62 15.27 1309. 61.53 1604. 294.9 21.56 35.0
O 4 82.53 88.22 5.698 1334. 85.36 1869. 535.1 111.5 95.2
artfend of season 5 105.4 111.3 5.885 1347. 108.2 2131. 784.6 191.6 42.4
Seasonal par. 0.5 v! Force minimum 0 - 6 126.4 144.9 18.46 1312. 136.0 1567. 255.1 39.40 57.8
No. of seasons / year: 1 ) 1: Seasonal amplitude 'l 7 149.4 166.4 16.94 1354. 157.7 1567. 2126 39.40 23.9
th LrCLAL L)t Savitsky-Golay ,—5 8 1726 178.2 5.616 1355. 175.2 2126. 771.4 175.7 134.
No. of envelope 1 < window size Season start 0.5 9 198.0 203.5 5456 1307. 200.5 1828. 521.3 132.7 28.6
iterations | 10 219.5 225.6 6.097 1277 221.8 1776 499.1 133.2 49.4] |
11 237.9 257.2 19.32 1256. 247.6 1625. 369.7 88.96 71.2 /
Adaptation Season end 0.5 12 266.3 273.8 7.494 1286. 269.6 2056. 769.5 108.0 74.1 —
strength 3.0 13 284.7 302.0 17.36 1332. 296.4 1802. 470.2 30.73 77.5
1<|1 312.0 318.8 6.825 1287 315.2 2161 873.7 163.2 67.0.7)
]

One pixel over time, raw EVI
data (blue), smoothed (brown). =

.



Data
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Ovutput values from
TimeSat for each pixel

1604
1204

804

40-

TIMESAT
0 parameters )
12 24 36 47 61
Time

FIGURE 1. SOME OF THE SEASONALITY PARAMETERS GENERATED IN TIMESAT: (A)
BEGINNING OF SEASON, (B) END OF SEASON, (C) LENGTH OF SEASON, (D) BASE VALUE,
(E) TIME OF MIDDLE OF SEASON, (F) MAXIMUM VALUE, (G) AMPLITUDE, (H) SMALL
INTEGRATED VALUE, (H+I) LARGE INTEGRATED VALUE. THIS FIGURE IS LICENSED UNDER
A

. IT IS FREE TO COPY AND USE IN OTHER WORK

N’

National Landcover Dataset (USGS,2011)
\/

Landcover classes (E.g. Forest, Agriculture,
Grasslands, etc.) are used to support TimeSat
parameterization. Each class can have its own

parameters for time series analysis.
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[ Proxy for Annual v

~ RESULTS: OBJECTIVE 2
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C @ file:///mnt/DATA/users/sbonsa/R_PROJECTS/IEVI_US/main.nb.htmi

Proxy for Annual vegetation productivity

for the CONUS

Say Bonsa, Guillermo Ponce

This is a notebook to document the process for generating a proxy for annual vegetation productivity for the

conterminous United States

library(gdalutils)
library(raster)

processMultiBand <-

14 i it i 3 i 3 3

function

(vFiles,

1y,

vSeq,

vOutFolder,

vName) {

*

Code =

Hide

Processes were
documented as a
R-Notebook for

reproducibility



TAKE HOME MESSAGE

« DATASET WILL BE AVAILABLE IN GOOGLE EARTH ENGINE

* CAN BE USEFUL FOR SCIENTISTS INTERESTED IN VEGETATION
AT REGIONAL SCALES

» WORKFLOW CAN BE ADAPTED FOR OTHER TIME SERIES
DATASETS, (E.G. CLIMATE)

* VERY EASY TO UPDATE FOR FUTURE USE

* FUTURE WORK WILL BE PERFORMED FOR VALIDATION.
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