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Training Objectives I :

Learn to:
» Understand which data products are used for water quality monitoring

 Follow rigorous practices for obtaining and processing aguatic remote sensing
data

 Build skills in image processing for water quality monitoring for coastal and inland
water bodies using NASA's SeaDAS image processing software
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Training Outline

June 5 June 12 June 19
Water Quality in the Water Quality of Larger AqQuatic Remote Sensing
Coastal Zone Inland Water Bodies Skill Development and

Best Practices

* Visualization
« Science Processing
* Statistics

Requirements

Operating Systems
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Outline for Part 3 I :

Review Parts 1 & 2

Water Quality Monitoring Program Workflow & Best Practices

Designing an Effective Water Quality Monitoring Program using Remote Sensing

Demo: Using Remote Sensing in a Water Quality Monitoring Program

Exercise: Using Remote Sensing in a Water Quality Monitoring Program using Data
and Methods from the Wisconsin Department of Natural Resources

Exercise: Advanced Skills with SeaDAS
Laboratory work time
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Current Satellite Missions for Water Quality Monitoring

* Landsat 7 (4/15/1999 — present)
* Landsat 8 (2/1/2013 - present)
« Terra (12/18/1999 — present)

« AQua (5/4/2002 - present)

« Suomi National Polar Partnership
(SNPP) (11/21/2011 — present)

« Sentinel-2A (6/23/2015 - present)
« Sentinel-2B (3/7/2017 — present)
» Sentinel-3A (2/16/2016 — present)

h NASA's Applied Remote Sensing Training Program
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Guest Presentation: Satellite Water Clarity Monitoring
Dr. Daniela Gurlin, Wisconsin Department of Natural Resources

n Department of Natural Resou
Water Quality Bureau

DIVERn Of Exvizonmnen AT N CE 4
53
v 2
EGAD # 3200 201836 <
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0 1 2 3 4
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* Measured In(SD) ¢ Predicted In(SD)
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Advantages & Disadvantages of Remote Sensing for ﬂ
Freshwater Systems

« Advantages « Disadvantages

— Longtime imagery record for time — Shallow water — interference from the
series analysis bottom

— Ongoing commitment from space — Water bodies too small for the spatial
agencies to continue data collection resolution of sensors

— Reliable data for operational early — Limited number of standard
warning and forecasting systems algorithms for these opftically

— Some sensors have spatial resolution complex waters
appropriate for lakes — Atmospheric correction

— Imagery is typically freely available — Highly variable systems
and of high quality — Ground truthing is costly

h NASA's Applied Remote Sensing Training Program S
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Homework & Certificates

« Homework:
— 3 homework assignments
— Answers to homework from Parts 1 & 3 must
be submitted via Google Forms
— There is no form to complete for Part 2
homework

» Certificate of Completion
— Atftend all live webinars
— Complete the homework assignments by
June 21

* You will receive certificates approximately 2
months after the completion of the course
from: marines.martins@ssaihg.com

NASA's Applied Remote Sensing Training Program
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Water Quality Monitoring Workflow &
Best Practices




Water Quality Monitoring Program Workflow

ldentify Water
Quality Problem

‘ In Situ

Evaluate if Remote Sensing
can Complement
In Situ Sampling Effort

collect sample data
within 2 hours of
aircraft or
satellite overpass

Choose Sensor(s) &
Data Product(s)
Appropriate for Problem

£

Build Sampling Strategy for
Coincident In Situ & QA/QC data
Remote Sensing Monitoring

collect field samples

process field samples

NASA's Applied Remote Sensing Training Program

Remote Sensing

identify aircraft or
satellite overpass
dates/times

download imagery

pre-process imagery &
derive L2 data product

extract pixel values
at sample site locations

Compare In Situ &
Remote Sensing
Matchups &
Run Statistics

4

Communicate
Results to
Stakeholders
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Designing an Effective Water Quality Monitoring Program ﬂ

Logistics

Incorporating citizen science
Quality confrol

Interpreting results

Data management
« Communicating to stakeholders

Further Reading: Gholizadeh et al. 2016
NASA's Applied Remote Sensing Training Program
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Logistics: In Situ Observations

- Choose which observations to make f PIHTTO :-Okle, CA .
. . . . my 1avorite iIocdl cyano

« Build a rigorous sampling design

— stafistics

— remote sensing
- |denfify airplane or satellife overpass T

times b
« Time sampling based on tides or s N

human-controls on water level 3 Sl 2 i"?
« Schedule boat time --‘“} ” ”'"”'f" REREEN 3 e "Q}\ f
 Schedule personnel R ViRt 8s, 16 .

* Prepare for contingencies

Image Credit: (bottom left) CA Water Boards = < Pinto Lake, CA

NASA's Applied Remote Sensing Training Program
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Logistics: Sampling Small Water Bodies

B I
o e
[
]
'\1 1oy b b

* Mixed pixels limit our ability to monitor small water
bodies

« Water bodies with at least three pixels in all
directions are candidates for sampling: “3 pixel
rule”

Relgle
t'.J' T « qe .
A  False color sharpens the distinction between land

and water
« Reddish pixels at left include land

« Using the 3-pixel rule, which water bodies are
candidatese

<& GS 3
,‘ ?*.'-@. |

Slide credit: R. Stumpf
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Logistics: Planning for Satellite Overpasses

oceandata.sci.gsfc.nasa.gov/c

\\
OceanCoIor

\ Ea
- 5 b

Missions + Data~ Documents~ Analyses~ People Forum -~ Services~ Links

Sensor(s):

¥ MODIS-Aqua @ MODIS-Terra @ VIIRS-NPP @ VIIRS-JPSS1 @ OCM-2 @ OLI @MSI ¥ OLCI-S3A @ OLCI-S3B

Start date:
(2019 [l 6 [l 1 o

End date:
(2019 [l 6 [ll6 [

Location Sun Status

Latitude (+/- 90): 37.4 ¥ Daytime @ Nighttime

Longitude (+/- 180):
Height above sea _

level (km):

Output Format

® Table @ Text

Please be patient, it takes upwards of 2-3 seconds per day of prediction per sensor.
If the page disconnects after three minutes, shorten/split the date range.

NASA's Applied Remote Sensing Training Program

> N
OceancC _Olor’
, 3

Missions ~ Data ~

MODIS-Aqua: Viewing Times

Date Time Lat Lon Sat.

1 Jun 2019 21:00:33 37.400 -122.000 74.12 58.07 816
2 Jun 2019 21:43:17 37.400 -122.000 260.46 48.45 908
3 Jun 2019 20:48:22 37.400 -122.000 72.20 42.86 984
4 Jun 2019 21:31:01 37.400 -122.000 258.69 66.47 762
5Jun 2019 20:36:11 37.400 -122.000 70.27 32.22 1190
6 Jun 2019 21:18:47 37.400 -122.000 263.20 89.38 705

* 1 ={tilt in progress; 2 = tilt schedule unknown, estimated tilt
3 = Sat. view ang. > 45 deg; 4 = Possible sunglint; 5 = nighttime pass

6 = old TLE, accuracy will be degraded

OLI: Viewing Times

Date Time Lat Lon Sat.

4 Jun 2019 18:45:50 37.400 -122.000 285.93 88.85 708

* 1 =ftilt in progress; 2 = tilt schedule unknown, estimated tilt
3 = Sat. view ang. > 45 deg; 4 = Possible sunglint; 5 = nighttime pass

6 = old TLE, accuracy will be degraded

OLCI-S3A: Viewing Times

Date Time Lat Lon Sat.

2 Jun 2019 19:00:11 37.400 -122.000 287.80 51.54 997
3 Jun 2019 18:34:24 37.400 -122.000 108.23 89.55 807
6 Jun 2019 18:56:30 37.400 -122.000 287.20 55.99 951

Documents ~ Analyses ~+ People

Sat. Range Sun Sun
(UTC) (DEG) (DEG) Azi. Elev. (km) Azi. Elev.

Sat. Range Sun Sun
(UTC) (DEG) (DEG) Azi. Elev. (km) Azi. Elev.

Sat. Range Sun Sun
(UTC) (DEG) (DEG) Azi. Elev. (km) Azi. Elev.

Forum ~ Services ~ Links

Tilt Flags*

221.47 70.69 NADIR 4
240.95 64.15 NADIR
214.10 72.42 NADIR 4
236.65 66.46 NADIR
205.41 73.87 NADIR 3
231.57 68.64 NADIR 4

Tilt Flags*
125.11 67.14 NADIR 4

Tilt Flags*

132.33 69.23 NADIR 4
120.86 65.18 NADIR 4
129.35 68.93 NADIR 4



https://arset.gsfc.nasa.gov/
https://oceandata.sci.gsfc.nasa.gov/cgi/overpass_pred

Incorporating Citizen Science I :

Where non-scientists are actively engaged in new discovery

Types of Activities A Few Examples

« Observations of biological, chemical, « Surface Water Ambient Monitoring
and physical water quality parameters Program: SWAMP

« Observations of water opftical « EarthEcho Water Challenge (formerly
properties using mobile devices World Water Monitoring Challenge)

* Mapping extent of water systems « Malaysian Borneo, Kinabatangan River

* Measurements of water flow efforfs

» Algorithm development * Water Keeper Aliance

 Education & outreach » EirstFlush

« Hui O Ka Wai Ola

More reading: Buytaert et al. 2014, volunteer programs
NASA's Applied Remote Sensing Training Program
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https://www.waterboards.ca.gov/water_issues/programs/swamp/cwt_volunteer.html
http://www.monitorwater.org/
https://news.mongabay.com/2016/11/how-citizen-science-is-transforming-river-management-in-borneo/
https://waterkeeper.org/
https://montereybay.noaa.gov/getinvolved/volunteer/firstflush.html
https://www.huiokawaiola.com/
https://www.frontiersin.org/articles/10.3389/feart.2014.00026/full
https://acwi.gov/monitoring/vm/resources.html

Quality Control I :

The scientific enterprise is built on the foundation of trust

Scientific Considerations Regulatory Considerations
« Use stafistical approaches appropriate  « Many regulatory agencies (e.g., US
to the study problem EPA) publish standards for water

quality parameters and the protocols
used to measure them

» Establish thresholds for statistical
significance prior to obtaining
measurements (this may be proscribed « Use the protocols to guide quality
by law) control of data

 Establish the meaning of outliers a priori
so analyst can objectively remove
these without bias

h NASA's Applied Remote Sensing Training Program
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Interpreting Results

« Regulatory agencies set standards for
water quality parameters at the
federal, state or provincial, or local
level

 These standards serve as benchmarks
in staftistically evaluating the observed
water quality parameters

« Sometimes an index, or “score’” is
derived from water quality parameters
to quickly communicate the state of
the water body

Image Credit: EPA Freshwater Quality of the Salish Sea

NASA's Applied Remote Sensing Training Program

Freshwater Quality for Rivers in the Salish Sea
100

Good to Excellent Marginal to Fair Poor

Water Quality Index Score Averaged from 2000-2010
8

Snohomish, WA
Elwha, WA

Lower Skagit, WA
Upper Skagit, WA
Deschutes, WA
Nisqually, WA
Stillaguamish, WA

Quinsam, BC

Cedar, WA

Freshwater Quality Index Scores for Major Salish Sea Rivers from 2000 to 2010

River 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 Average
Quinsam, G 53 | o4 | 83 | 82 | 94 [ 94 [ 100 | 88 | 88 | 82 | [ 89 |
Duckabush, wA [ HEENN HEEH IEZH IEXH mmlﬂmm | 89 |
Fraser, BC | 89 | o4 | EXEN | 88 |
skokomish, wa [ HESHIEEH IEZH IEEH mmmmm
QRTINS 92 | o1 | 89 [ 81 | [ 81 [ 85 |
Elwha, WA EAEREN mlﬂmm
Cedar, WA | 60 | | 84 [ 81 |
Lower skagit, WA I IEEW | 61 |
USRS R 87 | 86 | 5o | 85 | 64 | 81 | 84 | | 81 | 56 |
Deschutes, wA  [IEZH | 61 | 83 | 88 | 83 | 83 |
Nisqually, wa I [ 69 | | 83 |
Sumas, BC m
Green, WA | 82 | | 66 | 67 | | 49 | [ 68 [ 60 | 69 | 63 | 68 |
stilaguamish, wA [IEWICHIEZE ~ IEEGE @ KR | 67 |
Samish, WA | 86 | [ 32 | 29 | 34 | | 59 [ 80 | 63 |

WSSV NN 65 | 68 [ ss | s7 [ s2 | sa | en | 51|60 |69 | s6 W so |
IRV 6o | s8 | 57 | 55 | 51 ] s8] so ] s8] 61 ]ao ] 2 [ 57 |
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Data Management I :

» Build a data management and « Write up your data management plan
dissemination plan and share it with your organization

» Store data and products locally and in ¢ Update the data management plan
the cloud as needed

 Follow all domain-specific guidance « When required, upload data to
for meta-data community data servers for use by

other researchers and water quality
managers (e.g., SeaBASS, OB.DAAC)

h NASA's Applied Remote Sensing Training Program 19 NG
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Best Practices for Preparing Datasets for Sharing and Archiving
Odak Ridge National Lab - Distributed Active Archive Center

s EARTHDATA Other DAACs ~ € Feedback

, , ORNL DAAC e
Define the contents of your data files W S

Use stable file formats

e : Trapaines
@« About Us Get Data bmit Data Tools Resources =) Sign in -

Search ORNL DAAC

Assign descriptive file names
Use consistent data organization

DAAC Home > Resources > Data Management

Data Management

. Preserve information with version control

Why should you worry about good data management practices?

D O C U I I I e n 1- yo U r d O TO To prepare data for archival it must be organized in well-formatted, described, and documented datasets. Benefits of good data management include:

« Short-term
P f b . d 'I' |- 'I' o Spend less time doing data management and more time doing research
I ' l o Easier to prepare and use data for yourself
° e r O r O S I C O O q U O I y O SS U rO n C e o Collaborators can readily understand and use data files
+ Long-term (data publication)
o Scientists outside your project can find, understand, and use your data to address broad questions

P ro'l-e C T yo U r d O TO o You get credit for archived data products and their use in other papers

o Sponsors protect their investment

This page provides an overview of data management planning and preparation. It offers practical methods to successfully share and archive your data

.
at the ORNL DAAC. For more information see Protecting Data for Long-Term Use (Cook et al. 2018).
. Publish your data =

1.
2.
3.
4,
S
6.
/
3.
?

OToggle All

Best Practices for Data Management o

NASA's Applied Remote Sensing Training Program
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Communicating to Stakeholders I :

Know your audience

Use clear and concise language appropriate for your audience’s reading level

Limit the number of main points in your message

Use figures or graphics that deliver the message on their own

If numbers are used, explain what they mean

If risk is communicated as probability, explain the meaning
Cite sources

h NASA's Applied Remote Sensing Training Program 21 \omus
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Guidance for Water Quality Monitoring Communication ﬂ

Main Message / Call to Action
Language

Information Design

State of the Science
Behavioral Recommendations
Numbers

Risk

N OO

Adapted from: Assessing clarity of message communication for mandated USEPA drinking water quality reports and the CDC
NASA's Applied Remote Sensing Training Program
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https://iwaponline.com/jwh/article/14/2/223/28276/Assessing-clarity-of-message-communication-for
https://www.cdc.gov/healthcommunication/pdf/clearcommunicationindex/clearcommunicationuserguidemay2013.pdf

Guidance for Water Quality Monitoring Communication

1. Main Message / Call to Action

Does the material contain one main
message?

Is the main message at the top,
beginning, or front of the material?

Is the main message emphasized with
visual cuese

Does the material contain at least one
visual that conveys or supports the
main message?

Does the material include one or more
call to action for the primary
audience?¢

Adapted from: Assessing clarity of message communication for mandated USEPA drinking water quality reports and the CDC

NASA's Applied Remote Sensing Training Program
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https://www.cdc.gov/healthcommunication/pdf/clearcommunicationindex/clearcommunicationuserguidemay2013.pdf

Guidance for Water Quality Monitoring Communication

* Do both the main message and the

2. Language call to action use the active voice?

« Does the material always use
language the primary audience would
usee

Adapted from: Assessing clarity of message communication for mandated USEPA drinking water quality reports and the CDC

NASA's Applied Remote Sensing Training Program
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https://www.cdc.gov/healthcommunication/pdf/clearcommunicationindex/clearcommunicationuserguidemay2013.pdf

Guidance for Water Quality Monitoring Communication I :

* |s the most important information the
primary audience needs summarized

3. Information Design in the first paragraph or section

* |s the material organized in chunks with
headings?

 Does the material use bulleted or
numbered listse

Adapted from: Assessing clarity of message communication for mandated USEPA drinking water quality reports and the CDC
NASA's Applied Remote Sensing Training Program
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Guidance for Water Quality Monitoring Communication ﬂ

» Does the material explain what
authoritative sources, such as subject
matter experts and agency
spokespersons, know and don't know

4. State of the Science about the topic?

Adapted from: Assessing clarity of message communication for mandated USEPA drinking water quality reports and the CDC
NASA's Applied Remote Sensing Training Program
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Guidance for Water Quality Monitoring Communication

e Does the material include one or more
behavioral recommendations for the
primary audience@¢

« Does the material explain why the
behavioral recommendation(s) is
5. Behavioral Recommendations important?

« Does the behavioral
recommendation(s) include specific
directions about how to perform the
behaviore

Adapted from: Assessing clarity of message communication for mandated USEPA drinking water quality reports and the CDC

NASA's Applied Remote Sensing Training Program 27
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Guidance for Water Quality Monitoring Communication

« Does the material always present
numbers the primary audience uses?

« Does the material always explain what
the numbers meane

 Does the audience have to conduct

mathematical calculations?
6. Numbers

Adapted from: Assessing clarity of message communication for mandated USEPA drinking water quality reports and the CDC

NASA's Applied Remote Sensing Training Program
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Guidance for Water Quality Monitoring Communication I :

* Does the material explain the nature of
the riske

 Does the material address both the
risks and benefits of the recommended

behaviorse

o |f the material uses numeric probability
to describe risk, is the probability also
7 Risk explained with words or a visuale

Adapted from: Assessing clarity of message communication for mandated USEPA drinking water quality reports and the CDC
NASA's Applied Remote Sensing Training Program
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Teachings from the Webinar




Training Objectives I :

Learn to:
» Understand which data products are used for water quality monitoring

 Follow rigorous practices for obtaining and processing aguatic remote sensing
data

 Build skills in image processing for water quality monitoring for coastal and inland
water bodies using NASA's SeaDAS image processing software

h NASA's Applied Remote Sensing Training Program 31\
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Water Quality Monitoring Program Workflow

ldentify Water
Quality Problem

‘ In Situ

Evaluate if Remote Sensing
can Complement
In Situ Sampling Effort

collect sample data
within 2 hours of
aircraft or
satellite overpass

Choose Sensor(s) &
Data Product(s)
Appropriate for Problem

£

Build Sampling Strategy for
Coincident In Situ & QA/QC data
Remote Sensing Monitoring

collect field samples

process field samples

NASA's Applied Remote Sensing Training Program

Remote Sensing

identify aircraft or
satellite overpass
dates/times

download imagery

pre-process imagery &
derive L2 data product

extract pixel values
at sample site locations

Compare In Situ &
Remote Sensing
Matchups &
Run Statistics

4

Communicate
Results to
Stakeholders
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Case Studies: Water Quality Monitoring Incorporating Remote ﬂ
Sensing Observations

« UNESCO * National Oceanic and Atmospheric
— Water Quality Information and Capacity Administration (NOAA)
Building Portal — Harmful Algal Bloom (HAB) Bulletin
. European Space Agency (ESA) — HAB Tracker
— Earth Observation for Sustainable — Great Lakes Hyperspectral Monitoring
Development: Water Quality Monitoring . Wisconsin Department of Natural
* Finnish Environment Institute Resources
— Monitoring Water Quality in Baltic Seas — Saftellite Water Clarity Monitoring
and Finnish Lakes « Florida Fish & Wildlife Conservation
« UN-SPIDER Knowledge Portal Commission

— Evaluating Suwannee River Discharge
Effects on Water Quality in Big Bend
Region

h NASA's Applied Remote Sensing Training Program 33 \ome
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Technical Skills Learne
Data Access & Download

* NASA's OceanColor Web
— Level 1 & 2 Browser
— SeaBASS Field Data
— Overpass Predictor

« USGS EarthExplorer

NASA's Applied Remote Sensing Training Program

SeaBASS SeaBASS Search

Home | AboulSesBASS ¥ GetDala V. ConvbuioDaia ¥ Wi Lss e

ABOUT MISSIONS DATA DOCS USER SERVICES SOFTWARE & TOOLS IMAGE GALLERY ~FORUM Search Type:

File Search  Validation
NASA's OceanColor Web (AT Data Browsers Quality Assessment RN archve for properes ana
responsibilities include th LT Level 182 Browser Product Validation s o dounioaded,

number of operational, 54 y F Global L3 Trends
i Data File Search Level-3 Time Series Plotter
to the international resea) n

products from a large
d sea surface salinity data

gGoverned by the SeaBASS Data A

Data Subscripti ? Overpass Predictor General Search Parameters

OPeNDAP OceanColor Forum

SeaBASS Field Data Measured between the dates of ~ 1997-01-01 and  2019-08-21
Level 3 Browser

- Search Archived between the dates of  2000-01-01  and  2019-05.21

- Browse

- Submit Within the coordinates:

How to Cite Centeron 0°  Center on 180°

Other Resources

10 May 2019
13:05 UTC

=< USGS

science for a changing world
EarthExplore Page Expi ™ P
Home. Login Register ] Feedback He L 4 LN
[ Searcn Crtoia [T Missions ~ Data~ Documents~ Analyses~ People Forum ~ Services~ Links
Search Criteia Summary (snow) Clear Criteria

1. Enter Search Criteria Sensor(s) H

¥ MODIS-Aqua @ MODIS-Terra @VIIRS-NPP @ VIIRS-JPSS1 @OCM-2 @OLI @MSI @OLCI-S3A @ OLCI-S3B

571N T2 W) Optons ovdrs 3
n arch area: type in an address or place name, |
enter coordinates or click the map to define your search area
(for advanced map tools, view the help documentation), andor
choose a date range.

[ Adssrce (RS

Start date: End date:
T Location Sun Status
Xy oo
Latitude (+/- 90): [N # Daytime @ Nighttime
© No coordinates selected. Longitude (+/- 180):
Useap | A Coorsiome | Giear Coordnats | Height above sea (NN
level (km):
BT Fosut optons
Croy Output Format
arch fom: oy 2t il
Search months: (all) - @ Table @Text
Data Sets »

Please be patient, it takes upwards of 2-3 seconds per day of prediction per sensor.
If the page disconnects after three minutes, shorten/split the date range.
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Technical Skills Learned I :

Image Processing using SeaDAS

* NO data « export image * filter band

* land masks * reproject » pixel extraction

« ZOOMINQG * Crop « combine (mosaic) two

« synchronizing . collocate bands images

. flags + band math (math * link to In situ data from

, band) SeaBASS

« map location OCSSW ot

L . mask areqa . processing to
adjust color bar . derive data products

. create color bar * STafistiCs

« OCSSW processing for
gridlines atmospheric correction

h NASA's Applied Remote Sensing Training Program



https://arset.gsfc.nasa.gov/

Homework Reminder

( Statistics - [6] sst_D_R
Fraction_valia u.544/ 9,000 -

L]
Mean 0.0934 w 80 «
« Complete all Exercises from Parts 1 & 3 i i 5o ;
Maximum 4.7537 & 7,000 2 70
Standard_Deviation 0.1680 # 6.000 $ 60
Variance 0.0282 £ > H
Coefficient_of_Variation 1.7986 T 5,000 = 50
T‘olaL‘Bins 1000 H 4,000 g 40
Bin_Width 0.0047 3 0
Bin_Min 0.0193 g 3,000 g
Bin_Max 4.7537 Y 5000 20
80%Threshold 0.1045
3 3 85%Threshold 0.1329 1,000 10
- Use the Exercises to answer questions e G o
95%Threshold 0.2939 0.05 0.10 0.15 0.20 0.25 0.05 0.10 0.15 0.20 0.25
98%Threshold 0.5211 adg_443_giop_D (m~-1) adg_443_giop_D (mA-1)
adg_443_giop_D (quality_mask=ROI_1)
O rar an ar omewor
Valid_Pixels 3073
Fraction_Valid 0.0271 %0
Mean 0.4562 w 80
Minimum 0.0342 el =
Maximum 4.7537 8 s
Standard_Deviation 0.4557 # ? 60
Variance 0.2077 £ H
Coefficient_of_Variation 0.9989 [ : 50
Total_Bins 1000 i S 40
hd Bin_Width 0.0047 3 o
« Submit answers for Part 1 & Part 3 B EE
Bin_Max 4.7537 “ 20
80%Threshold 0.5675
85%Threshold 0.6619 10

Homework on or before June 21, 2019 I AT R X I R XA IR TR R R

Statistics Spreadsheet

File# Band Regional_Mask Quality_Mask Regional_Pixels Valid_Pixels Fraction_Valid Mean Minimum Maximum Standard_Deviation Variance Coefficient_of_Variation Total_E
6 chlor_a_R_R 113278 64029 0.5652 1.6024  0.2266  97.3089 3.3117 10.9674 2.0668 1000
6 chlor_a_R_R ROLL1 113278 4935 0.0436 8.4852 0.2783 82.5525 6.7872 46.0664 0.7999 1000
6 Kd_490_R_R 113278 63933 0.5644 0.1344  0.0440 5.9154 0.1977 0.0391 14711 1000
6 Kd_490_R_R ROI_1 113278 4868 0.0430 0.5476  0.0482 5.9154 0.4018 0.1614  0.7337 1000
6 sst_.D_R 113278 65906 0.5818 17.3253 8.7400 22.7100 2.9878 8.9269 0.1725 1000
6 sst_ D_R ROI_1 113278 5909 0.0522 11.8024 9.0200 13.0000 0.8878 0.7882 0.0752 1000
6 adg_443_giop_D 113278 61699 0.5447 0.0934 0.0193 4.7537 0.1680 0.0282 1.7986 1000
6 adg_443_giop_D ROI_1 113278 3073 0.0271 0.4562  0.0342 4.7537  0.4557 0.2077  0.9989 1000

NASA's Applied Remote Sensing Training Program



https://arset.gsfc.nasa.gov/

Outline for Part 3 I :

Demo: Using Remote Sensing in a Water Quality Monitoring Program

Exercise: Using Remote Sensing in a Water Quality Monitoring Program using Data
and Methods from the Wisconsin Department of Natural Resources

Exercise: Advanced Skills with SeaDAS
Laboratory work time

h NASA's Applied Remote Sensing Training Program



https://arset.gsfc.nasa.gov/

Demo: Using Remote Sensing in a

Water Quality Monitoring Program
Dr. Amita Mehta




Exercise: Using Remote Sensing in a Water Quality Monitoring
Program using Data and Methods from the Wisconsin

Department of Natural Resources
Dr. Amita Mehta



Exercise: Advanced Skills with SeaDAS
Dr. Sherry L. Palacios
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