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Coastal water quality influences 

ecosystem health and human 

industries

BACKGROUND

Climate Change & 

Increases in Human 

Population

Coastal Water Quality

Ecosystem Health

Coastal Industries

Strains

Impacts

ORCAA: coastal water quality 

monitoring tool for Mesoamerican 

Barrier Reef

Water quality indices should be 

monitored to improve 

understanding + management



ORCAA 1.0 (Summer 2019)
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ORCAA 1.0 (Fall 2019)
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Conclusion
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OBJECTIVES

Expand 

the spatial 
scope for 

better global 
applicability

Extend 

the temporal 
range by adding 

Landsat 5 TM 

and Landsat 7 
ETM+

Restructure 
codebase into 

modules with 

documented 

APIs

Validate the tool's 

outputs using in situ 

data

Update 

pluggable 
interface to 

include new 

functionalities 
and datasets

Adapt water quality 

indices for Landsat 5 

and 7



ORCAA 2.0 (ORCAA Water Resources)

Integrate 
Landsat 5 TM

and

Landsat 7 ETM+

Major code 

refactor

Enhanced end 
user capability 
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Google Earth 
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Updated EO

Organized code



Images: USGS, EADS Astrium, NASA

Landsat 5 TM

Landsat 7 ETM+

Landsat 8 OLI

Sentinel-2 MSI

Aqua/Terra 

MODIS

EARTH OBSERVATIONS

ORCAA 2.0 ORCAA 1.0

2015

2013

1984 2012

2012 2013

20222000



Images: USGS, EADS Astrium, NASA

WATER QUALITY PARAMETERS
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Uncorrected

Corrected

Sentinel-2 Platform

MAIN Algorithm

Modified Atmospheric Correction for 

Inland Waters (MAIN) algorithm

Utilizes NDWI for cloud masking

Images: EADS Astrium, ORCAA 2.0 Processed Imagery

METHODOLOGY 
Atmospheric Correction
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METHODOLOGY 
Cloud Masking



ORCAA 2.0 Demo



WORKFLOW for Time Series Data
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Spreadsheet 

of in-situ 

data

Python 

cleaning + 

validation 

pipeline

Quantifying 

similarities 

and 

differences

Overall 

quality report

Time series 

output 

of ORCAA

WORKFLOW for Validation Procedure



VALIDATION
Turbidity

In-situ vs. ORCAA S2 
Turbidity
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VALIDATION
Chlorophyll-a

In-situ vs. ORCAA S2 Chl-a

RMSE 35.27
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In-situ vs. ORCAA LS8 Chl-a

RMSE 128.37
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LIMITATIONS & UNCERTAINTIES

DATA

Limited to GEE available 

products

Possible atmospheric 

correction noise

Sun glint and bottom 

albedo reflectance

VALIDATION

Limited in-situ data for 

ORCAA 2.0 parameters

Some in-situ data points 

do not fall under a satellite 

overpass

Possible field work 

collection errors



CONCLUSIONS

Benefits of ORCAA 2.0:

 Split screen function enables visual 
comparison

 Template functionality provides a model 
for spatial expansion

 Point inspection time series charts of 
changes in water quality parameters

 Tool outputs for model templates validated 
against in situ data

 Well-organized and documented code

Image: ORCAA 2.0 CDOM Output, INEGI



Add more templates from which users may choose 
preexisting geometries

Validate all of tool's outputs (chlorophyll-a, CDOM, NDAVI, 
SST, turbidity, land/water) for more regions 

Correct for bottom albedo and sun glint

Incorporate atmospheric correction code that is not 

obfuscated

Add more templates from which users may choose 
preexisting geometries

Validate tool's NDAVI, SST, turbidity, and land/water outputs 

for Caribbean and California regions

FUTURE WORK
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SLIDES BEYOND ARE BONUS SLIDES



WATER QUALITY PARAMETERS - Chlorophyll-a

"Normalized Difference 
Chlorophyll Index" (NDCI)

This parameter has options for 

using Landsat or Sentinel-2 

imagery
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Image: ORCAA 2.0 Chlorophyll-a Output, INEGI



WATER QUALITY PARAMETERS - NDTI

"Normalized Difference 

Turbidity Index"

This parameter has options for 

using LANDSAT or Sentine-2 

imagery

Increased 
sediments / 
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solids

Higher 
turbidity
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Image: ORCAA 2.0 Turbidity Output, INEGI



WATER QUALITY PARAMETERS - CDOM

“Color Dissolved Organic Matter”

This parameter has options for 

using Landsat or Sentinel-2 

imagery

Increased 
CDOM 

Promoted 
microbial 
activity

Reduced 
water quality 

(e.g., 
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Image: ORCAA 2.0 Color Dissolved Organic Matter Output, INEGI



WATER QUALITY PARAMETERS - NDAVI

"Normalized Difference 
Aquatic Vegetation Index"

This parameter is calculated 

using LANDSAT imagery

Aquatic Vegetation

- 0.3 0

Image: ORCAA 2.0 Aquatic Vegetation Output, INEGI



Sea Surface Temperature

15 32

WATER QUALITY PARAMETERS - SST

”Sea Surface Temperature” 

This parameter is calculated 

using MODIS imagery

Image: ORCAA 2.0 Sea Surface Temperature Output, INEGI



ORCAA 2.0 Enhanced - Functionalities

Split Screen Comparison

Point Change Inspector

Geographical Templates

Time Series Chart Generation

Image: ORCAA 2.0, INEGI



METHODOLOGY 
Parameter Calculation

User selects desired 

parameters

Parameters calculated in 

parallel on Google Cloud 
Servers

Results displayed to user

 User can hide/show layers

 Split screen comparison available

Image: ORCAA 2.0, INEGI



METHODOLOGY
Template Regions

Templates in tool:

Caribbean

Coastal California

Algorithms were tuned to 

appropriate oceanic 

conditions

Outputs validated against 

ground truth data

Image: ORCAA 2.0



Retrieved from 
GEE's Database

Applied spatial, 
temporal, and 

metadata filters

Imagery 
clipped to study 

site areas

World Database of 

Marine Protected 

Areas (WDPA)

Filter to only 

coastal, 

marine areas

Clip imagery to 

sites in the 

Caribbean and 

California Coast

METHODOLOGY 
Region of Interest Import & Filtering



FUTURE WORK
Sunglint correction

Estimate sunglint

for Shortwave-

Infrared bands

Extrapolate for 

visible and 

Near Infrared 
bands

Result: Sunglint correction from 350 - 2500 nm

Corrected for sunglint

Not corrected for sunglint

Image: USGS Landsat 8 SR



SOFTWARE ARCHITECTURE

Global 

Application 

State

Processing 

handlers, helper 

functions

User Interface, 

Event Handlers

Sensor Module

Correction 

Algorithms Module

Utility Module


