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Add image from space station

Presenter
Presentation Notes
These platforms allow us to look across an area and “see” whether vegetation is water stressed and understand, for example, the impacts of drought.  







Add image from space station

Taken by NASA astronauts, 

NASA’s Lunar Reconnaissance Orbiter, Oct 2015
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Presentation Notes
NASA’s mission is to continue to advance our knowledge of our planet from the vantage point of space, and to use this information for the benefit of society.   
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Presentation Notes
I’ll mention a few examples of how we are doing this currently.We support advances in the study and application of evapotranspiration, which is a variable that represents the amount of water that is evaporated from the Earth’s surface and transpired (as a function of plant metabolic activity and health).  Evapotranspiration, or ET, on field to regional scale estimates can help us understand whether crops are being water efficiently as well as study how drought and water availability are impacting plant health and function.  NASA recently launched a spaceborne thermal instrument, now installed on the ISS, specifically designed to do this, called ECOSTRESS.  
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Presentation Notes
Another component of water resources that is especially relevant in the Western United States is the amount of snow, the quality of the snow, and melt rates.  With airborne projects like the airborne snow observatory, we are able to track snow cover, snow water equivalent and albedo by building a time series.  In this example, ASO directly partners with the California DWR and with the SF Public Utilities Commission to provide information on snow water/water supply and support better informed decision-making such as drought management actions and hydropower generation.  






Algal Blooms in Lake Erie, around Monroe, acquired by 
Sentinel-2 on 3rd August 2017. Data Courtesy of 
ESA/Copernicus.Algal Blooms in Lake Erie, around Monroe, 

acquired by Sentinel-2 on 3rd August 2017. Data 
Courtesy of ESA/Copernicus.
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Algal Blooms in Lake Erie, around Monroe, acquired by Sentinel-2 on 3rd August 2017. Data Courtesy of ESA/Copernicus.



(Pre)Formulation

Implementation

Primary Ops

Extended Ops

ISS Instruments
LIS (2020), SAGE III (2020)
TSIS-1 (2018), OCO-3 
(2018), ECOSTRESS 
(2018), GEDI (2018)
CLARREO-PF (2020)

InVEST/CubeS
ats
RAVAN (2016)
IceCube (2017)
MiRaTA (2017)
HARP (2018)
TEMPEST-D 
(2018)
RainCube (2018)
CubeRRT (2018)
CIRiS (2018*)
CSIM (2018)

* Target date, 
not yet manifested

NASA Earth Science Assets 
Missions: Present through 2023

Landsat 9 
(2020)

PACE 
(2022)

NI-SAR 
(2021)SWOT 

(2021)TEMPO 
(2018)GRACE-FO (2) 

(2018)
ICESat-2 
(2018) CYGNSS (8) 

(2019)

NISTAR, EPIC
(DSCOVR / NOAA) 
(2019)

QuikSC
AT
(2017)

Landsat 7
(USGS) 
(~2022)Terra 

(>2021)

Aqua 
(>2022)

CloudSat
(~2018) CALIPSO 

(>2022)
Aura 
(>2022)

SMAP 
(>2022)

Suomi 
NPP 
(NOAA) 
(>2022)

Landsat 8
(USGS) 
(>2022)

GPM 
(>2022)

OCO-2 
(>2022)

Sentinel-6A/B (2020, 
2025)

MAIA 
(~2021)

GeoCARB
(~2021)TROPICS (12) 

(~2021)

SORCE,
TCTE 
(NOAA) 
(2017)

OSTM/Jason-2 (NOAA)  
(>2022)

JPSS-2 Instruments
OMPS-Limb (2019)

01.29.18

ISS
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Presentation Notes
Can be used to study Earth’s hydrologic cycle and related parametersI’ll also note that all of the missions in orange are future missions and NASA has a strong focus on water n the next 10 years, with at least six satellites and one instrument on the ISS going up collecting water-relevant informationFleet - Earth Science Division - Missions (with color key; editable)Jan. 16, 2018: Reformatted, includes all missions, dates and cube satsDec. 15, 2015Credit: NASA/J. Mottar------------------------------SLIDE INFOCORRECTION DENNING PER RIVERA Feb 18, 2016Changed misspelling of “Sentinal” to “Sentinel”UPDATE DENNING PER FREILICH DECISIONS FEB 12, 2016Changed OCO-3 to Formulation color and moved lower in listChanged RBI to Formulation colorChanged GEDI to Implementation color and moved to line above itAdded TSIS-2 in Formulation colorUPDATE DENNING PER FREILICH DECISIONS FEB 4, 2016Changed “Altimetry FO (Formulation in FY16) to “Sentinal-6A/B”On Landsat 9, removed comma and TIRFFChange I was going to make – “NISTAR, EPIC (NOAA’s DSCOVR) to green primary ops was already correctedDec. 15, 2015 – Updated: TEMPO changed to Implementation phase; NISTAR, EPIC changed to Primary Ops phase; ; OCO-3 and ECOSTRESS changed to Implementation phase; Aquarius removed; slide now fully editable. JMottarMay 18, 2015 – Added to SMD Multimedia Library.May 18, 2015 – Updated the outdated 2014 version: TRMM was removed; NISTAR, EPIC (NOAA's DSCOVR) were added; SMAP icon was updated; moon at top left was removed; color key moved to top left.-JMottarID: I-EA-15-0040 (image)ID: SL-EA-15-0068 (slide)



Water Variables Watershed processes and 
characteristics

Adapting global-scale missions to regional  to 
local scale applications

Presenter
Presentation Notes
All of our measurements are rooted in developing the appropriate translation of remotely sensed data with on the ground measurements and observations.  Having a strong in situ observations network is critical to our work.  Through programs like Applied Sciences and WWAO, we can then work actively to transform NASA data into useable / actionable information.  



Examples of water resources management 
applications in California

Presenter
Presentation Notes
So the rest of the variables in the table are in the Appendix.With my few remaining minutes, I’d like to provide additional background on two examples of WR mgmt applications that utilize NASA data.  



Examples of water resources management 
applications in California

Water quality Infrastructure Water supply



Retrospective analysis of 
stormwater plumes in 
Santa Monica Bay, 
evaluating enterococci 
samples collected 
coincident with plume 
detection (synthetic 
aperture radar)

Retrospective analyses of stormwater
plumes in SM Bay. 

Credit:  Holt et al. 2017

Presenter
Presentation Notes
All of our measurements are rooted in developing the appropriate translation of remotely sensed data with on the ground measurements and observations.  Having a strong in situ observations network is critical to our work.  Through programs like Applied Sciences and WWAO, we can then work actively to transform NASA data into useable / actionable information.  



Evaluating diversions impacts from HTP 
using sea surface temperature and 
chlorophyll response

Credit:  Trinh et al 2017

Presenter
Presentation Notes
All of our measurements are rooted in developing the appropriate translation of remotely sensed data with on the ground measurements and observations.  Having a strong in situ observations network is critical to our work.  Through programs like Applied Sciences and WWAO, we can then work actively to transform NASA data into useable / actionable information.  



Maximizing Utility of Remote 
Sensing in CA Water Resources 
Management



California’s water is 
required for a variety of 
beneficial uses and 
transported long 
distances.

SOURCE: Department of Water Resources, California 
Water Plan Update 2018 (Public Review Draft).  NOTES: 
The figure shows applied water use. The statewide 
average for 1998‒2015 was 77.2 maf. 

Presenter
Presentation Notes
A few of the major water conveyance structures in California (transport for agriculture and for southern CA) include the State Water Project (which includes over 1100 miles in levees in the Delta), LA Aqueduct, Colorado Aqueduct, and the Central Valley Project.



California’s water is 
required for a variety of 
beneficial uses and 
transported long 
distances.

SOURCE: Department of Water Resources, California 
Water Plan Update 2018 (Public Review Draft).  NOTES: 
The figure shows applied water use. The statewide 
average for 1998‒2015 was 77.2 maf. 

And faces diverse water quality challenges 
depending on source, land use and 
development and other issues. 

Public Policy 
Institute of 
California, 2011
Hanak et al.
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A few of the major water conveyance structures in California (transport for agriculture and for southern CA) include the State Water Project (which includes over 1100 miles in levees in the Delta), LA Aqueduct, Colorado Aqueduct, and the Central Valley Project.



Goals of Effort

• Enhance water quality and 
resources management

• Improve access to remote 
sensing-derived water quality data 

• Operationalize production through 
Bay Delta Live portal  

Project Sites in California

BayDeltaLive

Presenter
Presentation Notes
We identified not just the relevant parameters, but the ones that we felt confident were achieveable within the timeframe of the project.  Through that optimization, we propose to build out the pipeline for these products and embed them within the on-going processes and investigations that our partners are conducting.  



Hypomesus transpacificus – the 
“Delta Smelt”

2007 federal judge 
court ruling

Delta Smelt BiOps: 
turbidity to trigger 

pumping restrictions

Delta Smelt Working 
Group

Identify reasonable 
alternate actions



It is thought that 
the turbidity pulse 

from the winter 
storms triggers 

smelt  to migrate 
to into the delta to 

spawn.

Decision process
2007 federal judge 

court ruling

Delta Smelt BiOps: 
turbidity to trigger 

pumping restrictions

Delta Smelt Working 
Group

Identify reasonable 
alternate actions



More delta smelt  
were found 
entrained in 

pumps during 
periods of 
increased 
turbidity.

Decision process
2007 federal judge 

court ruling

Delta Smelt BiOps: 
turbidity to trigger 

pumping restrictions

Delta Smelt Working 
Group

Identify reasonable 
alternate actions



Turbidity

Presenter
Presentation Notes
Turbidity is a measurement of how light is scattered within the water column, but does not tell you anything about source (e.g. differentiating between the constituents that are causing the light scattering).It is a water quality parameter that is easy to measure, often used by “citizen science” campaigns by utilizing something called a Secchi Disk, which is basically a disk with a checkered pattern.  You lower the disk into water until you can’t see it anymore and record depth.You can also measure it using a spectrophotometric approach, with a probe that you take into the field or by returning to the lab and doing it bench top.We can apply the methodology we use to derive turbidity values, using a spectrometer in lab, and essentially adapt it for the remote sensing instruments.  In our case we are focusing on Landsat-8, Sentinel-2, and airborne remote sensing archives.  



Turbidity

Aλ
T and Cλ represent absorption 

and backscatter terms in turbid 
systems and can be determined 
using in-field measurements.  ρw
is calculated using Rrs term, 
adjusted for water refractive 
properties.    Nechad et al 2009
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Comparing turbidity derived from satellite data and 
USGS and other station data

Process 
Sentinel-2 (S2) 
satellite data to 

turbidity

Extract 
turbidity values 
from stations

Match up 
comparison

Extract pixels 
over stations 

lat/lon

Calibrate / 
adjust other 

turbidity 
pixels

Presenter
Presentation Notes
Our partners need to be able to understand and trust the product and so we have been working on a process for cal/val and developing a corrected product for this site.  We have been working on a turbidity pipeline for a corrected product, that will include uncertainty quantification and produce summary statistics for each overpass day and aggregated by station. The calibration for the satellite product will incorporate cruise data, which we are still working on and adjustments to the algorithm based on the collected IOPs (absorption and backscattering coefficients).Ultimately we will link up this corrected product pipeline to the Bay Delta Live portal, currently, we are just delivering the uncorrected turbidity products.  



Comparing turbidity derived from satellite data and 
USGS and other station data

Process 
Sentinel-2 (S2) 
satellite data to 

turbidity

Extract 
turbidity values 
from stations

Match up 
comparison

Extract pixels 
over stations 

lat/lon

Calibrate / 
adjust other 

turbidity 
pixels
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Presentation Notes
Drew a box around each of these points to compare turbidity pixel values with station data.  



For Sentinel-2, we 
looked at 2016-
2018, which 
amounted to 
approximately 55 
dates with station 
matchups, and 
N=1540 in total, 
here separated out 
by date.



Same dataset but 
organized by station.

Presenter
Presentation Notes
The vicarious calibration that would be applied would rely on the day-to-day variability across the whole delta, but station-by-station variability helps us flag stations where we may need to develop site-specific adjustments based on field data.  



Water temperature is another critical water quality issue 
in the Bay Delta. 

PROJECTED CHANGES IN ANNUAL MEAN TEMPERATURES IN THE BAY DELTA 
(CLOERN ET AL 2011) DEPICTS THE PROJECTED # DAYS WHERE HIGH TEMPERATURES

ARE DETRIMENTAL TO DELTA SMELT. (WAGNER ET AL 2011)



The First of a New Series of Missions to 
the International Space Station

30

Simon J. Hook (PI) and the 
ECOSTRESS Team

Jet Propulsion Laboratory, 
California Institute of Technology, 

Pasadena, CA

© 2019 California Institute of Technology. Government sponsorship acknowledged. 
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Presentation Notes
Data are not perfect and we have quality control flags on all our datasets.  One key quality flag is related to cloud cover.  
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CHANGES IN SPATIAL DISTRIBUTION OF ECOSTRESS SURFACE 
TEMPERATURE IN GRIZZLY BAY USING TWO ACQUISITIONS 
(WITHIN 24 HOURS).  THE LEFT PANEL WAS ACQUIRED ON 

8/10/2018 AT 630PM PT AND THE RIGHT PANEL WAS 
ACQUIRED ON 8/11/2018 AT 1200PM PT.
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Presentation Notes
We can use the data in many ways.  One is to look at the spatial distribution and changes in water parameters, like the panels on the left.  These were acquisitions that were taken within 24 hours of each other.  We can resolve smaller channels – these appear to be about 300m across.  We can of course also look at how water temperature (surface) compares with the station data, which are 1-m depth, approximately.  Each track on the right is the water temperature data from the in situ station.  The dots represent ECOSTRESS derived ET.  To determine how these datasets are applicable at field or local scales, we need to establish how these products are different and how they can be used in a complementary way.  
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San Luis Reservoir (also part of the California State Water Project) with 
multiple uses, including water supply holding grounds, recreation, habitat.



6/25/2019 36

A taste-and-odor producing detrimental 
cyanobloom in Diamond Valley Lake in 2014.  

Setup for the in-situ automated high-throughput imaging flow 
cytometry platform based on lensfree computational microscopy 
principles.  

Cyanobacterial Index values in Diamond Valley 
Lake using Sentinel-3 data.  Source: 
cchab.sfei.org

MWDSC service area and reservoirs and uses.  

JPL proposal to partner with MWD SD to improve mapping of harmful algal 
blooms, collaboration with UCLA/Ozcan and Batalin



The COAST 
Instrument 

Innovating Coastal Observations

• VSWIR 380 -2510 nm hyperspectral imager in a 1-
day/ 16 orbit repeat cycle

• High SNR for aquatic products
• Frequent lunar and Earth calibration views
• Sun-glint avoidance
• Easy to accommodate – heritage LEOStar-2 and 

Pegasus launch demonstrated as feasible, other 
options available 
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