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Project Overview

* Purpose: Software tools are needed to assist USACE with the
challenge of monitoring hundreds of inland lakes and reservoirs
that cover vast geographic areas, in which limited resources
can lead to reactionary responses to HAB outbreaks

» Goal: Build on foundational research to develop remote
sensing software tools to estimate water quality indicators of
HABs, focusing on small, inland waterbodies in support of
USACE water quality monitoring

* Approach: Develop satellite image-based tools to estimate
potential HAB indicators: 1) chlorophyll-a, 2) phycocyanin, a
proxy for cyanobacterial or blue-green algal biomass, and 3)
turbidity

®

Have fun on the water, but know that
blue-green algae are in many Ohio
lakes. Their toxins'may be, too.

Be Alert! Avoid water that:

* looks like spilled paint

£ »has surface scums, mats or films

+is discolored or has colored streaks

* has green globs floating below the surface




Array of software options to accommodate
broad user base and skills:

1 Software Tool
M. &l

1. Open-source R software package, a U. of

Cincinnati collaboration and most extensive
option for developing image-based abundance RPeckage ()| | RN Online Web

C g Waterquality Toolbox [ Viewer o
maps of HAB indicators ) 4 | Y.

. Python-based ArcGIS Pro toolbox with pre-set
menus and limited options to streamline HAB
indicator estimation

Maximum Chlorophyll Index
Relative Concentration

P High

LI
For qualitative assess

. Online ESRI Web app for constrained options to
rapidly screen for potential HAB conditions



https://github.com/RAJohansen/waterquality
http://dx.doi.org/10.21079/11681/42240
https://arcportal-ucop-corps.usace.army.mil/hab/

waterquality for ARCGIS Pro

% A python-based waterquality toolbox developed in ESRI ArcGIS Pro desktop software using Sentinel-2 satellite imagery with pre-set

menus to produce abundance maps. Four tool components help to streamline analysis and product development. Beta-tested by
USACE Districts and external collaborators at NOAA.

4 @ Toolboxes

R Available Tools: (<) o0
P Eg tooltesting.thx n y " her e o 2
= — 1. Sentinel-2 L2A image download e
B e LA i B 2. Automates creation of composite Sentinel-2
,Ef 2} Image Analysis Preparation L2A |mage (CIOUd and Iand maSkS)
B} 3) HAB Index Estimation 3. Estimates HAB water quality indicator using
E' 4) Migorithm Evaluation 5 well-known indices
Tool Requirements: 4. Convertls estimated va'lueg using a Output:
- ArcGIS Pro 2.7 regression model and in situ measurements Water quality index raster

« Advanced License

« Spatial Analyst Extension
 Python 3.7

« Sentinelsat Python Library

Data inputs:

« Sentinel-2 satellite imagery

» Area of interest polygon

» Choice of 5 water quality algorithms
* In situ data — csv format

» PDF report and raster of estimated concentrations

Sentinel-2 3BDA
Lake Borgne, LA Chlorophyll Index




Sentinel-2
Satellite Imagery lre @

* Imager: - _
Center Spatial Level-2A Available
° COﬂSte”atlon Of tWO Satelhtes Spectral Band Description Wavelength Rech))Iution Product Spatial
(2A and 2B) Multispectral imager (nm) (m) | Resolution (m)

European Space Agency (ESA)

Global coverage and freely available
5-10 day revisit time Band 3 Green 560 10 10; 20; 60
10-20-60 meter spatial resolution Band 4 fed e 0 10; 20; 60
Level-2A is atmospherically corrected —p Vegetation Red Edge 705 20 20: 60

Band 6 Vegetation Red Edge 740 20 20; 60

CE Coastal Aerosol 60

Band 2 Blue 490 10 10; 20; 60

Band 7 Vegetation Red Edge 783 20 20; 60

Solar radiation TOA mdian%
(L)

Top of Atmosphere
4 4 Scattering
Absorption 4 *

“

Band 8 NIR 842 10 10

Band 8a Narrow NIR 865 20 20; 60
Band 9 Water Vapor 940 60 60

Band 10 SWIR-Cirrus 1375 60 NA|

Surface reflectance

Q Incident radiation b Q

https://de.mathworks.com/help/images/atmosphericcorrection.png

Band 11 SWIR 1610 20 20; 60

Band 12 SWIR 2190 20 20; 60




Remote Sensing & Water

Quality Proxies

0.06

* Remote sensing HABs is possible because o ih
the photo-reactive pigments produced by oosl  Bands
algae can be ‘'sensed’ by satellite imagers

* Chlorophylli(s) (Chl,)

« Ubiquitous phytoplankton pigment with
absorption features around 433 nm and 686 nm
and reflectance peaks at 550 nm and 715 nm.

* Phycocyanin

®e8e® syerage
— sample 1

= sample 2

0.04

reflectance (sr)
o
=
L3

0.02

. . . | S o £
- Cyanobacteria specific pigment with major 0.01 g £ 2
absorption feature at 620 nm. z g
P blue green red near infrared
* Tu rbldlty 400 500 600 700 800 900
« General measure of water clarity wavelengh (nm)

» Effect of backscattering caused by suspended
material in the water column




Water Quality Indices

Water
Water Quality Quality Sentinel-2 Band Calculation
Algorithm Parameter | wavelengths in nanometers (nm) Reference
Gitelson et al
3BDA Chlorophyll | (1/665 nm)/ (1/705 nm ) * 740 nm 2003
Mishra and
NDCI Chlorophyll | (705 nm - 665 nm)/ (705 nm + 665 nm) Mishra 2012
2BDA Phycocyanin | 705 nm/665 nm Wynne et al 2008
Bowers and
RedOverGreen Turbidity 665 nm / 560 nm Binding 2006
Frohn and
GreenPlusRedBothOverBlue Turbidity (560 nm + 665 nm) / 490nm Autrey 2009




Toolbox Workflow

Y A 4 \ 4 Y
Sentinel-2 L2A Image Analysis HAB Index Algorithm
Image Download Preparation Estimation Evaluation
] User Workspace 1 User Workspace 7] User Workspace 1 User Workspace
Copernicus Hub ] SAFE D Project Name g Raster Index

Username and Password G {,:I GRANULE

Ly ) TILENAME”

In situ data table (.csv)
Site ID Latitude | Longitude Chl

Area of Interest

Search Criteria =1 IMG_DATA Polygon
T ; C10I_DATA
i [T ]  Collection Start ,
. | | andEnd Date J Apply Cloud ‘ I~ | Stack Raster I Field Selection
i CI Area of Interest - Mask E * Latitude :
Polygon 7 Apply Non- | Chlorophyli-a i *Longitude '
Cloud Cover water Feature ) |7 et ey o 62 Velu |
i ‘ Percentage : Mask +/'| Phycocyanin
P J Turbidity 7 Create Ordinary Least Square

Regression Report

CI User Workspace G Stacked C] Chiorophyll Cl Eval

Phycocyanin

-------- : : Turbidi SVE T

B | stackif ey . g allfieldpts

<
: sl . ; -‘f" analysisfieldpts
S2B_MSIL2A...zip : T_% _STACK_CLDMASK..tif E ig _INDEX NAME.tif E X-Axis
I
\- _STACK_WATER.tif @ olsrpts
.- B s
@ _OLSR.pdf



Toolbox Requirements

* ArcGIS Pro version 2.7 or greater

* Python version 3.7 or greater

« Advanced ArcGIS Pro and Spatial Analyst License
« Sentinelsat Python library




Toolbox Installation

Sentinelsat Python Library Installation

ArcGIS Pro

Open

< Prosoundtest
EAERDC_Workspace\Proje...

Open anather project

Op Settings ¢

New

Blank Templates
—— & B o

C e

Map Catalog  Global Loca

Scene n

| A Start without a template
| [you can save it later)

Select another project template

Leam about creating project templates

Geohlet

Getting s
Import a
Migrati

Python Package Manager

appdirs

g spproprse platfor.

mmmmmmmm Cone Remore

Waterquality Toolbox Installation

Leam more about Conda pack

Catalog

Project Portal Favorites

| Search Project

0 Maps

4 | @ Toolboxes
R Add Toolbox

¢ Fﬁ HSI_arcpro_testin i
Bl Mew Toolbox

i Databases

. I~'~'=:~j Mew Python Toolbox

P g Styles

4 [ Folders

& HSl_arcpro_testing
TestingQutput

b #% Locators

4 & Toolboxes

EZ\ HABtooltesting.thx

4|[Ej waterquality.pyt

_5 1) Sentinel-2 L2A Image Download

2} Image Analysis Preparation

3} HAB Index Estimation

5 4) Algorithm Evaluation




Sentinel-2 L2A
Image Download Tool @

1) Sentinel-2 L2A Image Download (waterquality) 3

& Completed.

Started: Today at 1

Completed: Today at PM

Elapsed Time: 3 Minu 2 Seconds

> Errors and warnings
~ Parameters

v

Sentinel-2 L2A
Image Download

e Folder for Storing EAERDC_Workspace\Projects\202 T\HAB-ARCGIS\HABtool\Trial1

sz Hub csaltus

8/23/2021
9/12/2021

1) Sentinel-2 L2A Image Download Generalized area of interest
a polygon) (Polygons)

35

] User Workspace Geoprocessing =4 X

Copernicus Hub ' 1) Sentinel-2 L2A Image Download o) EiiaRmaE
Username and Password ~ Messages
3 P Start Time: Wednesday,
Parameters Environments @ n;mge cotle

The image colle
The Maximum Cloud percentage

# User Workspace Folder for Storing Qutput Files There are 4 tiles that match your criteria.

Search Criteria

S2B_MSIL2A_26218911T17@545_Ne3el_R112_T145PH_208218511T212132 is Downloading
with cloud cover percentage 2.5315

Collection Start * Copernicus Open Access Hub username
and End Date S2A_MSIL2A_28219827T17@851_N@391_R112 T145PH_2821@827T7215849 is Downloading

@ with cloud cover percemtage 5.8982
él Area of Interest
Polygon

S2A_MSIL2A_26216986T178851_N@381_R112_T14SPH_28210906T215844 is Downloading
with cloud cover percentage 5.2958

* |C_0Eernicu5 Open Access Hub password

S28_MSIL2A_20218981T17@849_N@3@1_R112_T14SPH_2821@9817212242 is Downloading

Cloud Cover Image collection start date R e , .
: Percentage 8;’5;{2021 IJT-\I ucceeded at Wednesday, September 22, 202 :19:31 PM (Elapsed Time: 9 minutes 22 seconds)
TTTTTTmTmmmmemmsmmmmmmnn e ' Image collection end date
8/19/2021 i
"] user Workspace Generalized area of interest (as a polygon)
1) Sentinel-2 L2A Image Download Generalized ar ~ P "

S2B_MSIL2A...zip |

] 1) Sentinel-2 L2A Image Download Generalized a > |F
I AOO0Dcxdldihld

24 Image Downisad

20




How to Setup an Account

(im] \ 5 copemicus open accesshub -Bi X | [3 httpsy//scihub.copemicus.eu/dht X | =

&« C @ https//scihub.copernicus.eu/d

* Copernicus Open Access Hub website ) ©osa coorcs

https://scihub.copernicus.eu/dhus/#/home | &8

Copernicus Open Access Hub 20N

©

e o

* Create an account
https://scihub.copernicus.eu/userguide

Copernicus Open Access Hub

Ll
Lat Lon: 39.58, -91.68 (o0 @) PO L S D .

Please login to access our

o
Luled uulun

Arkhangel!
Umed )
rondneim £ e stersuind -y 5 2on
e o vaasa™  Fintand |
sundsvall joensuu
St Jywaskyla c
L ° Petroz avodsk
Tampere o
Gavle @ Lahti
Bergen =2 ST urku -
2 Os\.:o - : © Saint Petersbu rgo
OUppsala N

Stavanger paen X Cherepovets

o o Stockholm * [+]
o Estonia I

Gothenbu oy Linkoping Ventepils o Yaroslav LOGIN
] Pskov ¥
oi«a\mrg Liepaja’ | Latvia
o Rezekne Moscow. E Forgot password?
Denmark) Karlskrona; ! 00
Lithuania o Ryazs ~—r> —r

i ity SR R inioatbas s R i Ut Beloretsk
Hamburg o Hrodnag «v!'NIYS i Ohs 7 Ufa Beloretsk

services...



https://scihub.copernicus.eu/dhus/#/home

entinel-2
Image Download |

eSa opermicus Copernicus Open

s E—
- 2 X r
# Advanced Search Clear
|
» Sort By: » Order By:
d ¥ Display 1 to 4 of 4 products. G
Ingestion Date v Descending M Order By: Ingestion Date ¥ 0 products selected O
[ Sensing perioa — — e ———————————————————————
. > AND endPosition:[2021-06-01T00:00:00.000Z TO 2021-07-31T23:59:59.9997]
opermicus Copernicus Open Access Hub 2021/06/01 & 2021107131 = ) AND ( (platformname:Sentinel-2 AND producttype:S2MSI2A AND
= > Thocston penod cloudcoverpercentage:[0 TO 35]))
= ] EA D=l s2a_msiL2a_20210623T161901_N0300_R040_T165GJ_20210623720...0
Afton —_ " Download URL: https://scihub.copernicus.eu/dhus/odata/v1/Products(*142b15l
Elks Run . . O  Mission: Sentinel-1
Golf Club N av‘gat I o n ﬁ Mission: Sentinel-2 Instrument: MSI| Sensing Date: 2021-06-23T16:19:
Area of I nte re S1- W‘”'% i Satellite Platform Product Type '$' ® P
.
— === : Al "| M Il s2a MSIL2A_20210623T161901_N0300_R040_T17SKD_20210623T2...
“ain:sy Polarisation Sensor Mode ; ) )
Download URL: https:/scihub.copernicus.eu/dhus/odata/v1/Products('06856fe
"| b Mission: Sentinel-2 Instrument: MSI Sensing Date: 2021-06-23T16:19:01.02+«
Relative Orbit Number (from 1 to
SR
i
EZA IEl s24_msIL2A_20210613T161901_N0300_R040_T165GJ_20210613720...0
I &  Mission: Sentinel-2 I i Download URL: https://scihub.copernicus.eu/dhus/odata/v1/Products('51298f&
East Fork
ooy Mission: Sentinel-2 Instrument: MSI Sensing Date: 2021-06-13T16:19:01.02
STk Concord L Satellite Platform Product Type
e v| S2MSI2A v
i Hennine, Relative Orbit Number (from 1 to T dCore g 0T EZNEls2a_MsiL2A_20210613T161901_N0300_R040_T17SKD_20210613T2... O
olly
143) [0 TO 35] Download URL: hitps://scihub.copernicus.eu/dhus/odata/v1/Products('358c8b:
Mission: Sentinel-2 Instrument: MSI Sensing Date: 2021-06-13T16:19:01.02+4
| (m] Mission: Sentinel-3
Bantam Clover Satellite Platform Product Type
v| = page:| 1 |off1 P
Timeliness Instrument L
Hulingtol |
2uth Rantas Product Level Relative Orbit Start [1-385]
5
ok v|
| 3
E

B aite -



SAFE File
Naming Conventions
and Directory Structure .

Name
l\“/lll ,M.M ; ROOO: Product Discriminator: i
S YYYYMMDDHHMMSS: Relative Used to distinguish between s
$2A/52 the datatake sensing time. Orbit different end user products repinfo
( number from the same datatake. e
B) MTD_MSIL2A xml
S2A_MSIL2A 20210526T165851 NO300_R0O69 T15SWD_20210526T213155.SAFE
« GRANULE » L2A_T15SWD_A030954 20210526T170700 > IMG_DATA
SAFE: Product B
MSIXXX: Name
Nxxyy: . Format
Pm,sl‘;t 1L§"e' PDGS TX;‘i’l‘:x' (Standard o
Processin Archive R60M

(Level-1C) Number
MSIL2A

(Level-2A)

Format for
Europe)

g Baseline
number

« GRANULE > L2A T15SWD_A030954_20210526T170700 > QI_DATA

Name

FORMAT_CORRECTNESSxml
GENERAL QUALITY.xml
GEOMETRIC_QUALITY.xml
MSK_CLDPRB_20m,jp2
MSK_CLDPRB_60m.jp2
MSK_CLOUDS_B0O.gml




Image Analysis Preparation

Tool

h 4

Image Analysis
Preparation

] User Workspace

O -SAFE

> {IGRANULE
Ly C“TILENAME”
7" IMG_DATA

Apply Cloud ‘
v Mask

< Apply Non-
water Feature
Mask

Stacked

_ STACK.tif

E T} _STACK_CLDMASK.tif

AW | STACK_WATER.tif

L .SAFE
‘“» ) GRANULE
i {:j "Tilename"

‘» {3 IMG_DATA

‘» U R10m

¥ R20m

. R60m

CJ QI_DATA
i% MSK_CLDPRB_20m.jp2

Geoprocessing > B X
© 2) Image Analysis Preparation @
Parameters Environments @)

User Workspace Folder for Storing Output Files
HAB_Qutput

Select one or Multiple IMG_DATA Folder(s) Where Sentinel-2 L2A
Raster Files are Located

IMG_DATA

Apply Cloud Mask
Apply Non-Water Feature Mask




Image Analysis Preparation
Tool Output @

Marion Reservoir, KS
August 17, 2021

Stacked image Cloud Mask Only Water Features

*_STACK.tif * STACK_CLDMASK.tif *_STACK_WATER.tif



Tool

HAB Index Estimation

h 4

HAB Index
Estimation

¥ User Workspace

D Project Name

Area of Interest

Polygon

: Stack Raster
——

</ Chlorophyll-a
</ Phycocyanin
/' Turbidity

7" ] chlorophyll

Phycocyanin
Turbidity

_INDEX NAME.tif

Geoprocessing > 3x
®© 3) HAB Index Estimation ()

Parameters Environments

User Workspace Folder for Storing Qutput Files
HAB_Output

QOutput Project Name

Marion

Area of Interest (as a polygon)

3) HAB Index Estimation Area of Interest (as a polygo ~ o, -

Sentinel-2 Stack Raster File
T14SPH_20210708_STACK_WATER.tif

Select Chlorophyll-a Indices Select All ¥
3BDA
NDCI
Select Phycocyanin Indices Select All %)
2BDA
Select Turbidity Indices Select All %)

RedOverGreen
GreenPlusRedBothOverBlue

Water Sentinel-2 Band Calculation
Water Quality Quality wavelengths in nanometers
Algorithm Parameter | (nm) Reference
(1/665 nm)/ (1/705 nm ) * 740 Gitelson et
3BDA Chlorophyll | nm al 2003
Mishra and
(705 nm - 665 nm)/ (705 nm + Mishra
NDCI Chlorophyll | 665 nm) 2012
Wynne et
2BDA Phycocyanin | 705 nm/665 nm al 2008
Bowers and
Binding
RedOverGreen Turbidity 665 nm / 560 nm 2006
Frohn and
GreenPlusRedBoth Autrey
OverBlue Turbidity (560 nm + 665 nm) / 490nm 2009




HAB Index Estimation
Tool .

SampleData
- Chlorophyll
v B T145PH_20210708_NDCItif
Eval
Turbidity
Phycocyanin
Stacked
& ProjectAreaHABpr.gdb

B 0072654 - 002173
B 0121731 - 0142807
0L142808 - 0.155201

[E] MarionReservoir.shp

Hypothetical_insitu_pts.csv

01559000 - 0173253 B

1754 - 018947 o

0.155648 - 0106041
0206042 - 02145
0234145 - 0.262099
B 06225 - 0195036
B 055007 - 0.524551

NDCI Marion Reservoir, KS July 8, 2021



Igorithm Evaluation
Tool @

A 4

Algorithm
Evaluation

] User Workspace

i -~ 0 X
E~ P e GEDPI’DCESSI ng
In situ data table (.csv) @ 4) Algorithm Evaluation @
Site ID Latitude | Longitude Chl
Parameters Environments @
= A B C D
User Workspace Folder for Storing Output Files = 1 |SitelD lat lon chl
Field Selection HAB Output 2 0 38.437 -97.158 0.244
PRESSSREMA-rh B idei o/ R 3 1 38.447 -97.159 0.183
: ::atitUded Raster Index File 4 2 38.444 97.154 0.231
: ongitude ; - 5 3 38.442 -97.154 0.194
i * Water Quality In Situ Value : T145PH_20210708_NDCLtf 6 4 38.431 -97.146 0.225
In Situ Sample Point data table {.csv) ; ;’ ::-:i: :;f‘; gi:i
Create Ordinary Least Square . Foes . -97. .
v EecheosloiRepart 210820_BetaTester\SampleData\Hypothetical_insitu_pts.csv z = SRS i P
Field containing the latitude data values (in decimal degrees) M 5 8024 7137 0.2
1 g 38.425 -97.145 0.248
G Eval lat I E 12 10 38.435 97150
) .| sitelD .
Field containing ~ = E B

oA B allfieldpts lat
o - lon
& lon
= f‘.ﬂ analysisfieldpts

Ij > IAxis Field containing icdhLl
Chl
lon
W] olsrpts [/] Create Ordit chi -
; _ABS.tif : — e
E] _OLSR.pdf o

Chl




Algorithm Evaluation

Tool Output

.svg file

water quality NDCI by Chl

ol oW WE 0 02 02 oM 0% 0% 03

NDCI
si0pe =096, intercept = 001, -sovare = 086, p-ralue = 0.0, std_z1 = 0.05

-R2=0%

Point Layers

(All Samples and Analysis)

heckbox

OLRS C

%

Variahle Distributions and Relationships
"

PDF report

Point Layer

(OLSR s
. b

stic

tai

s)

If r2 >=.70

Value
0.467358

. -0.062408

—————Highway-56

HAB concentrations (ABS)
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ANSRP Explore the Data
Symbology

Select Symbology

Default Tool Output

Output Symbology
=GN + v [ copy P
- - b5 Remove
S e roup Contents - 1 x| [E]Mep ™ Symbology - T14SPH 20210708 ... ~ # X
B cotor
b« [ map
v [Veine
4[J] T14SPH_20210708 NDCL ’ ¢ —
T Data Design > - Y u‘ 7 "[IQ —
. alue
= L 0481102 |, Create Chart > | 4
l - C B + Primary symbology
00726552 _—
Drawing Order icrdiiopegaphicig) Joins and Relates > Drawing Order A~ Classify >
World Hillshade - e
B ver Zoom To ayer e = A Field 6
[7] T145PH_20210708 NDCLif T — 417 THSPH 20210708 ND Gt - Nomalization [ =
Value 141 Zoom To Source Resolution Spectum By Wavelenath-Full Light
PRI = palie Method Manual Interval i
’ W 007166-0 . =
7] Show names & i
l -0.0726552 S S S o : 0001-005 o
. - 0.051-0.1 olor scheme - _ .
World Topographic Map 3 Disable Pop-ups e
World Hillshade G2 configure Pop-ups 0201-04
- - X -
Symbology - T14SPH_20210708_... =i Classes | Mask | Histogram
pd —
= 0.601-1
7 = 1] More ~ +00 -00
Primary symbology World Topographic Map
B Color Upper value Label
Classify M World Hillshade
o B [ ] < 00 007166 -0
Symbology - T14SPH_20210708_...
Normalization |y . [ ] < 005 0001 - 0.05
74 Method Manual Interval - Yy [ | < 01 0051 - 0.1
- Classes 7 =
HrE Primary symbolo v y < 02 0.101-02
R i Colorscheme | N - Hghway 56 Canada
Stretch
et < 04 0201-04
Symbolize your layer using one symbol
] swetch Classes | Mask | Histogram | 5 e 0401-06
Hillsboro — Stretches values along a color ramp, = —
= More ~ +00 -00 X = < > v
Discrete ol U . Lol
3 = e ~ ; olor pper value abel . :
1102914 ~|| B L B 4 M2 | 655425.15E4,25520970N m v < Groups date bssed on @ seected number of clors and pples = color scheme [ R . 0914 | [B L B 4 WY |7eas76076 11| Catalog Geoprocessing | Symbology Pop-up
Classify <o 007166 -
Assigns a color for each group of values » ] c @05 e
Unique Values [ ] < 01 0.051-0.1
Assigns a color for each value.
< 02 0.101 -0.2
Shaded Relief
Creates a 3D representation of the surface, with the sun's relative position. < 04 0201-04
11 % vectorField || < 06 0.401-0.6
‘ 4+ Displays values as vector symbols. P .
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ANSRP Explore the Data
Histograms :

- = MyProject38 - Map - ArcGIS Pro Raster Layer
Insert Analysis View Edit Imagery Share Appearance Data

"B Ll

Processing Create

z Templates~  Chart~
Processing S | Visualize | I

[Symbology - T14SPH_20210708_NDCL.tif OLIE] Create
Contents + 1 x| [E]Map X * Symbology - T14SPH_20210708_... ~ * ¥ E Chart~
v ‘ P 7 T =
Search P & = -
- ) = Primary symbology ;
B/ . ) Classty - [E]vep ~ | Chart Properties - T14SPH 20210... ¥ # X bl Histogram
i Primary symbology — & R
Classify . Fee 2 : L Distribution of Band_1 5 o7 Scatter Plot
Drawing Order Normalization s . B - |_f < <ral Profil
Field No fields . . o< Spectral Protile
4[F] Map Method Manual Interval N Data Axes Guides Format General "
4[] T14SPH_20210708 NDCIif Normalization o fields \ Classes 7 . # |_3 Temporal Profile
Value Method Manual Interval . Color scheme | N B Variable
W 0071660 4 Classes 7 T ¢ Number
B 0001t Classes | Mask | Histogram
W 0051-0.1 Color scheme - _ . R Band_1 v
001,502 e = With transformation
0201-04 0073 g 4
I 0401-06 Classes | Mask | Histogram = ¢ E-«;{shure None E
ow
.. 0601-1 More - £00 00 Ugu?: [] show Normal distribution —
World Topographic Map g E 4 .
[] World Hillshad Color Upper value Label . 1 Canada Bins @
ol ilishade . .
. [ ] <00 007166-0 ° 1:139,770 || B L B - | 66985861E4257,60496Nm v 1 2
IR 0001 - 005 04w |uly T14SPH_20210708 NDCI..ution of Band_1 X ~  Statistics
4 [ ] < 0 005101 J : ‘9 o 5. = Dataset
7 0.481 Filter: k &, H =
v 4 < 02 0.101-02 e : )
Highway 56 Canada  © Distribution of Band_1 [median  —
< 04 0201-04 [ std. Dev.
W <o 0401-06 Export as T
) S = o Table or Graphic £ 500 Count
o Nulls
1102914 - ZLE - W) |7E 40576276 Il & catelog Geoprocessing | Symbology Pop-up Y — Mean: 0.19564 Min
0 — Max
A QD PO D S O
PPN oY Sum
Skewness
Band_1 Catalog  Chart Pro... Geoproc.. Symbol.. Pop-up




Explore the Data

Statistics !

4 &g Reclass 4 &5 Zonal

X Lookup Tabulate Area

| Spatial Analyst Tools>Reclass> == | Spatial Analyst Tools>Zonal>

. Reclass by Table

Contents - 1 x| |EMER . Zonal Geometry a5 Table
“ Reclassify . s 2 X, Zonal Histogram . ]
“A. Rescale by Function | <
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Toolbox Updates
Version 1.1 el

HAB Index Estimation Tool update:
Removal of the Cl index from the Phycocyanin parameter and User’s Guide Documentation

Anticipated Release Date:
March 2022

Request for feedback: Sentinel Hub connection issue (urllib3.py)

Christina Saltus:
Email: Christina.L.Saltus@erdc.dren.mil
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HAB Explorer

X/

s Prototype developed by ESRI with design/input/testing from ERDC (Phase 1)

s Fast, simple way to assess inland lakes and reservoirs, in which constrained algorithm and visualization options allow for rapid
screening of potential HAB conditions

s Hosted on the uCOP Production Portal (Corpsnet*); Best viewed in Google Chrome

*Requires VPN or USACE network access (to pull CAC credentials); RDE users via CANPC

+ERDC Harmful Algal Bloom (HAB) Explorer United States Army Corps of Engineers (USACE)
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HAB Explorer

* Accesses ESA’s Sentinel-2 L2A
imagery via a cloud-based image
service (most recent image meeting
cloud threshold available)

* On-the-fly application of the
Normalized Difference Chlorophyll
Index (NDCI)

(B5-B4) / (B5+B4)

» Two colored map products to help
visualize the relative estimation of
chl-a, HAB indicator

« Makes use of ESA scene
classification to remove non-water
pixels (i.e., land and clouds)

Ross Barnett Reservoir, MS Aug 2021

4 chlorophyll a - continious color

Select your AOI

£ d i, fov 0k s o LT : Lt |

>)°

- . Harmfu|A|ga| Bloom (HAB) Expiorer United States Army Corps of Engineers (USACE) E g ==
[ Find address or ‘O\ ! t” Legend “
wieTPR
n HAB Explorer chlorophyll a - continious greyscale
@ (unmasked)
A f interest (AOI) selection tool: F ? o
m] W "% chlorophyll a - classified
\\\\\\ T A ‘.
B R B 1.0 - 00
s . 00 - 005
005 - 0.1
[ Selectall Options 01 - 02
chlorophyll & ' ’
8ch\orozh\;\\arclass\hed 02 - 04
O chlorophyll a- continuous color 0f . 08
06 - 1.0

https://arcportal-ucop-corps.usace.army.mil/hab/



https://arcportal-ucop-corps.usace.army.mil/hab/

HAB Explorer

Five steps to produce & download a map illustrating relative estimation of chl-a

Milford Lake, KS Aug 2021 o
United States Army Corps of Engineers (USACE) United States Army Corps of Engineers (USACE) 1 . S e I e Ct AO I (exte nt I S I I m Ited )

@ A X

Harmful Algal Bloom (HAB) Explorer

2. Check box for desired symbology
option (all, continuous, or classified)

Bloom Tulsa District USACE

3. Submit options/AOI (wait ~30 — 45
devtlopmant condusted e U5, Army seconds for algorithm processing)

Corps of Engineers (USACE), Engineer
4 Research and Development Center's (ERDC)
Environmental Laboratory with support from

the USACE Aquatic Nuisance Species

Research Frogram (21522 4. View layer results — toggle on/off

The goal of the project is to develop a series
L of remote sensing software tools (ranging in
¢ complexity and utility) to assist with water
1 quality monitoring of HABs in small, inland

5 waterbodies(primarily‘res.ervoirsand|akes 5_ DOWnload geotagged tiffS and View
" .manag(?d by USACE Districts). These . .
S ek sl ) on CER oS o in GIS desktop software with other
"B desktop software toolbox, and 3) an online

| SRl boeod web application. ) Spatlal data*

\ The viewer utilizes the Normalized

RPN ircoce Cicuaohlndex (NOC) sppied *Change color stretch type to None

https://arcportal-ucop-corps.usace.army.mil/hab/
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Use Considerations

1. Area of interest - size is limited to 750km? depending on the orientation of the area drawn; doesn’t need to be
detailed

2. Clouds - 35% threshold applied in the background, not adjustable; display in grey scale

Symbology - classified and continuous color options for water pixels only; 1 grey scale option for all pixels —
all have same value ranges, -1 to 1

4. Scene edges - some lakes fall on scene boundaries; each scene is analyzed separately so scene edges may
be apparent especially if they are from different dates

Scene dates - currently not listed in the web app

Results — dependent upon ESA scene classification (misclassifications of land/water/clouds may result in
potential artifacts, such as land/clouds getting classified as water which may register as high in chl-a and/or
water getting classified as clouds, which may result in omitted lake areas); artifacts tend to appear as “noise”
or pixelated areas, which can occur near the shoreline, in dried up lakebeds, and/or near cloud edges

7. Downloaded tiffs - multiband images do not display in photo/paint or other graphics software; must be
displayed in GIS software (change color stretch type to None to maintain color symbology)



Splash Screen

Disclaimer X

Welcome to the Harmful Algal Bloom (HAB) Explorer!

relopment.

The r assumes and acknowled appropriats
limitations.

| agree to the e terms and conditions

The recommended browser is Chrome.
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Area of Interest Selection

+ERDC HaMfUI Algal Bloom (HAB) Explorer United States Army Corps of Engineers (USACE)
%

Five

Spil b ary
State
Fark

| Tuttle
Creak

region or use ey |
the search

[} Select all Options bar- DraW AOI e .- Fi:ulI:LRnlr?y

Milford Reseration

Area of interest (AQI) selection tool:

Manhattan™ ) ¥

[ chlorophyll a
(] chlerophyll & - classified
[ chlorophyll a - continuous color

Milford
State Park

Select your ACI

pr i | Grandview
Talmage 18 _ Jurction Cll;;__,-!"F'l.} za
& dmi '

Y
. Esri, HERE, Garmin, USGS, NGA, EPA, USDA, NPS |\




Area of Interest Selection
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Area of Interest Selection
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View Results
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HAB Explorer Benefits Kl

Aug, 2021 Milford Lake, KS Sept, 2021

United States Army Corps of Engineers (USACE) United States Army Corps of Engineers {USACE)
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https://arcportal-ucop-corps.usace.armv.mul/hab/

Monitor whole-lake changes over
time

Visualize surface and near-surface
phytoplankton biomass estimated
through the NDCI

Can help to initiate and prioritize
location and timing of field-based
sampling

No GIS Desktop software required



https://arcportal-ucop-corps.usace.army.mil/hab/

S 2 S A

Display date of source image

Display the source image (RGB version)
Clean up legend values, spelling, orientation (consistency)
Increase the AOI extent limit (can’t exceed 1600km?)

Milford Lake; Photo Credit USAC Kansas City District

Return pixel value of results when hovering (info button)?

i
“

Include more algorithms?
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Interpreting Results...

®

1. Algorithm estimations are locally-dependent

« Compare to in-situ data to better define what relative values mean in your area ... no hard/fast rules to define values
for all datasets in all areas

2. Algorithm accuracies are good, but every waterbody is unique

» The tools help streamline the process to explore/understand potential bloom trends in your area

3. Start with NDCI if unsure or don’t have in-situ data

» It's normalized/consistent similar to NDVI

« GENERAL guidance: <0 = minimal/no chl-a; 0 - 0.2 = low chl-a, and > 0.2/0.3 = higher chl-a with values approaching
1 to be the most consequential for HAB potential; anything more specific requires comparison to in-situ data

« Watch values >0.2/0.3, pending movement/dynamics/persistence; could either be a HAB or be conducive for HAB
development

4. Use the tools to target field-based resources in space/time to increase

monitoring efficiency
« The tools allow large area assessment in a matter of hours that would otherwise take days/weeks to sample

5. New R&D to build confidence and understanding of the algorithms

* To help determine which ones work best in which waterbodies, environments, etc.



Follow-up & Contact List e

These tools were specifically designed to assist the USACE monitoring of inland lakes and reservoirs to
estimate water quality indicators of HABs. Your feedback is a critical component to the success and

future development of these tools and ensuring that the capabilities and products generated are
consistent with your priorities.

1. Need help? Please send us your in-situ measurements!
2.  Provide feedback about the HAB Explorer!

e Christina Saltus:
Email: Christina.L.Saltus@erdc.dren.mil
* Molly Reif:
Email: Molly.K.Reif@usace.army.mil
* Richard Johansen:
Email: Richard.A.Johansen@usace.army.mil
* Erich Emery:
Email: Erich.B.Emery@usace.army.mil



mailto:Christina.L.Saltus@erdc.dren.mil
mailto:Molly.K.Reif@usace.army.mil
mailto:ichard.A.Johansen@usace.army.mil
mailto:Erich.B.Emery@usace.army.mil

Tool Links

* Open Source R Package:
https://github.com/RAJohansen/waterquality

e ArcGIS Pro Toolbox:
http://dx.doi.org/10.21079/11681/42240

 HAB Explorer Web App:
https://arcportal-ucop-corps.usace.army.mil/hab/
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