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Applications of Remote Sensing for Monitoring The
Water Budget Within River Basins

Amita Mehta and Sean McCartney
13 March 2019




Training Objectives

Become familiar with:

« Remote sensing and Earth system modeling data relevant for river basin
management

« Estimation of surface water budgets and their temporal variability in sub-
watersheds within river basins using data access tools and QGIS

NASA's Applied Remote Sensing Training Program



Training Outline

13 March 2019
Overview of Remote Sensing Data
For River Basin Monitoring

http://wwf.hu/en/the-river-basin-management-plan

27 March 2019
Applications of Remote Sensing for River
Basin Monitoring: Mekong Basin

,,,,,,,,,,,

https://earthobservatory.nasa.gov/images/?1761/a-new-
reservoir-in-cambodia

NASA's Applied Remote Sensing Training Program

20 March 2019
Applications of Remote Sensing for River

Basin Monitoring: Nile Basin

TRMM. ~
.__(F‘re‘Eipuation) L

https://svs.gsfc.nasa.gov/4044

3 April 2019
Surface Fresh Water Budget Estimation

itoring Water Over Sao F i Vv
hed in Brazil - Sep 2017
https://arset.gsfe.nasa.gov/water/workshops/brazill7

https://arset.gsfc.nasa.gov/water/workshops/brazil17




Homework and Certificate

« Homework will be available after Sessions 2 and 4 from:
hitps://arset.gsfc.nasa.gov
- Answers must be submitted via Google Form
- Due dates: 4 April (Homework 1) & 17 April (Homework 2)

» Certificate of Completion will be awarded to those:
- Attend all webinars
- Complete homework assignments

* You Will receive certificates approximately two months after the completion
of the course from: marines.martins@ssaing.com

NASA's Applied Remote Sensing Training Program 4 .



https://arset.gsfc.nasa.gov
mailto:marines.martins@ssaihq.com

Session-1 Ovutline

« About ARSET
* River basin monitoring and management: importance and approach

« Overview of remote sensing data sources relevant for river basin monitoring
and management

— River basin delineation
— Surface water budget components
« Demonstration river basin delineation

NASA's Applied Remote Sensing Training Program



About ARSET




NASA’s Applied Remote Sensing Training Program (ARSET)

http://arset.gsfc.nasa.gov/

» Part of NASA's Applied Sciences Topics for frainings include:
Capacity Building Program

« Empowering the global community
through remote sensing training

I Water Resources

« Goal to increase the use of Earth
science in decision-making through
training for:

— policy makers
— environmental managers

— other professionals in the public and I Alr Quality
private sector

NASA's Applied Remote Sensing Training Program
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ARSET Trainings

100 trainings 2% 13,000+ participants @ 160+ countries g 3,700+ organizations
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* Size of bubble corresponds to number of attendees
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ARSET Team Members

Program Support Disasters & Water Resources
« Ana Prados, Program Manager (GSFC) - Amita Mehta (GSFC)
« Brock Blevins, Training Coordinator (GSFC) « Erika Podest (JPL)
« David Barbato, Spanish Translator (GSFC) « Sean McCartney (GSFC)
« Annelise Carleton-Hug, Program Evaluator
(Consultant) Land & Wildfires
» Elizabeth Hook, Technical Writer/Editor (GSFC) . Cynthia Schmidt (ARC)
* Marines Martins, Project Support (GSFC) . Amber Jean McCullum (ARC)
« Selwyn Hudson-Odoi, Training Coordinator
(GSFC)

Health & Air Quality
 Pawan Gupta (MSFC)
Acknowledgement: « Melanie Cook (GSFC)

« We wish to thank Nancy Searby for her continued
support

« Stephanie Uz, Program Support (GSFC)
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ARSET Training Formats

Online In-Person

Typically offered via the Hosted with a partner

infernet Typically in a computer lab

2-5 weeks long 2-7 days long

1-2 hours a week Focus on locally-relevant
Available at all skill levels case studies

Live & recorded Certain topics can be

Materials available in presented in Spanish
English & Spanish

Free

NASA's Applied Remote Sensing Training Program

Train the Trainers
Online or in-person

Designed for individuals
and organizations looking
to develop their own
applied remote sensing
trainings




ARSET Training Levels

Advanced (Level 2)
Requires level 1 training or equivalent knowledge =
In-depth and highly focused topics -

Advanced Webinar: SAR Image and Data Processing P -

7’
7

Basic (Level 1) V4
Requires level O training or equivalent knowledge /
Covers specific applications /
Introduction to Synthetic Aperture Radar /

/

Fundamentals (Level 0) /
Assumes no prior knowledge of remote sensing
Fundamentals of Remote Sensing

NASA's Applied Remote Sensing Training Program



Learn More About ARSET

http://arset.gsfc.nasa.gov/

Introduction to
Remote Sensing of Quiins Trarings

Harmful Algal In-Person Trainings
Blooms

Sign up for the I.lohuvk
Tuesdays,
Sep 5-26, 2017 Taols Covered
11:00-12:00 or Suggest a Training
21:00-22:00 EDT
(UTC-4) Personnel

Resources

Upcoming Training

Water

e At adiiny
“!Image Credit: Landsat 8 OL], NASA

Satellite Observations of
<< >> Water Quality for
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River Basin Monitoring and Management: Importance and
Approach




What is a River Basin?

Colorado River Basin

« An area of land that drains water into a river
and its tributaries

« Avriver basin usually has multiple drainage
catchments or watersheds separated by
ridges and hills called the drainage divide

« Each watershed in a river basin collects rain
and/or snow water and drains to @
common outlet such as a stream, tributary,
lake, or wetland — eventually contributing
water to the river

e Avriver basin consists of surface water and
also underlying groundwater

https://www.americanrivers.org/river/upper-basin-colorado-river/

https://water.usgs.gov/edu/watershed.himl
NASA's Applied Remote Sensing Training Program 14 @



https://water.usgs.gov/edu/watershed.html
https://www.americanrivers.org/river/upper-basin-colorado-river/

Importance of River Basins

* River Basins:
- connect rivers with surrounding land hydrology, ecology,
and socio-economic components within basins
- are dynamic spatially and temporally, and affect availability
of freshwater in the river

* Rivers:
- are a major source of freshwater for drinking and agricultural
activities
- support a variety of aquatic and terrestrial ecosystems
- provide means of tfransportation and hydropower generation

https://wwf.panda.org/our_work/water/rivers/irom/

NASA's Applied Remote Sensing Training Program
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Importance of River Basins: The Major Source of Water

04

Major River Basins of the World

North America
1 Yukon
2 Mackenzie

Europe
25 Danube

Africa and West Asia
8 Niger

9 Lake Chad Basin
10 Congo

11 Nile

12 Zambea

26 Orange

24 Euphrates and Tigris

4 Mississippi
5 St Lawrence
South America

8 Amazon
7 Parand

Sourca: United Nations Environment Programme (UNEP), Wodd Consarvation Monitori
Institute (WRI), Amencan Association for the Advancement of Scence (AAAS), Allas

https://www.grida.no/resources/5782

NASA's Applied Remote Sensing Training Program
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15
16
17
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Population and

Volga
Ob

Yenisay

Lena

Kdyma

Amur

Ganges and Brahmaputra
Yangtze

Mumay Daring

Huang He

Indus

Centra (WCMC): World Rescurces
wironment. 2001

World Atlas - the Rivers of the World

N

The major rivers of the world

Click a river name here below

and its lengsh:

Aldan Essequdd
Amazon Eupnrates
Amur Fly
Anacyr Fraser
Angara Gambdia
Arcansas Garges
Athadasca Gila
Selaya Gocavan
Seni Grance do Srazil
Senue Green
Sermejo Guapore
Srahmaputra Guaviare
Srazos Helmand
Canacgian Huallaga
Cauca Huang He
Chenab Iguazu
Chingwin H:
Churchil ingigirka
Colorado Incus
Colorado Texas ins
Columdia irrawacay
Congo Irtysh
Danube Ishim
Taugava James
Oesna Jaling
Omieper Jurua
Driester Juruera
Con Kama
Domets Kapuas
Ovina Northern Kasai
Ebe Knoper

A

-~

and display its location with its mouth and the crossed states

Kokyma
Krisnna

Kura
Kuskokwim
Kwango

Lena

Lao

Lare

Limpogo

Lore

Lomam

Lower Tungus«a
Mackenzie
Madera-Mamere
Madre de Oics
Magdalena
Maramon
Meiong
Mzsissippl
Migscur
Murray
Narmada
Negro

Nelson-Saskatchewan

Nen

Niger

Nie

Nije Bice

el

Chic Allegheny
Cka

Okavango Tapajos
Olenyok Tarm
Tlyokma Tennessee
Orange Tete
Orinoco Twgris
Ot:awa Todol
Paraguay Tocantins
Parana Tunguska Stooy
Pechora Ubangi Ueie
Pecos Ural
Pucomayo Uruguay
Purus Vaal
Putumayc i

Rec River Southern

Rhine

RPone

Ric Grande
Saint Lawrence
Salaco Northern

Salween

Sankun

Sao Fraccisco

Senegy

Sepik Yangtze
Shire Yelaowstane
Snake Yenisei
Serghua Yukon
Sukmona Zamoezi
Sutie} Zeya
Syr Doria

Tagus

Concitions of Use

Privacy Neotice

Comact

https://www.euratlas.net/geography/world/rivers/index.ntml



https://www.euratlas.net/geography/world/rivers/index.html
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Importance of River Basin Management

« Warter stress, flood occurrence, and
drought severity are increasing in
many parts of the world

« For water allocation,
distribution, and sharing
| | . among states/regions
T T within a country or

Current Condiions ~ Future Conditions

X
‘These maps show where water-related risks are o Low to medium risk (1-2}
ostserere S 19 Medium to high risk (2-3) ° *
S 9 "ﬁ e among various countries
100% none g I Extremely high risk (45) I
Wnlg_clmn.: °n ’0 M No Data . . .
() Customize Weight: | | Definition I
. i lies are igher 5
Weight Distribution A~ N T s anzggega I 4
3 's" éo g 1 M M
| — | E——— | rver Doasin Mmanagemen
hysical Risk Qu. i
® atory & Re...
A L] L] |
| is crucia
T
I

http://www.wri.org/applications/maps/aqueduct-

atlas/#x=8.00&y=0.40&s=ws!20128!c &t=waterrisk&w=def&g=0&i=BWS-16!WSV-4ISV-

2IHFO-4IDRO-4ISTOR-8IGW-8!WRI-4![ECOS-2IMC-4IWCG-8IECOV-2I&tr=ind-1!prj-

1 &I=3&b=terrain&m=group http://www.unwater.org/water-facts/transboundary-waters/

NASA's Applied Remote Sensing Training Program 17 .



http://www.unwater.org/water-facts/transboundary-waters/
http://www.wri.org/applications/maps/aqueduct-atlas/#x=8.00&y=0.40&s=ws!20!28!c&t=waterrisk&w=def&g=0&i=BWS-16!WSV-4!SV-2!HFO-4!DRO-4!STOR-8!GW-8!WRI-4!ECOS-2!MC-4!WCG-8!ECOV-2!&tr=ind-1!prj-1&l=3&b=terrain&m=group

Importance of River Basin Management: Transboundary Rivers

http://www.unwater.org/water-facts/fransboundary-waters/

« There are 263 tfransboundary river
basins covering about half the Earth’s
surface

« 145 states have territory within
transboundary lake or river basins,
and 30 countries lie entirely within

them ' .
. SiﬂCQ 1948, 37 incidents of acute _\TRANSBOUNDN%YP -

conflict over water hovg occurr.ed, WATERS

and approximately 295 international

water agreements have been R T—

negOhOTed a nd Slgned . hitp://www.unwater.org/app/upload/2018/1

0
NASA's Applied Remote Sensing Training Program 18
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http://www.unwater.org/app/upload/218/10

Importance of River Basin Management
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“River systems are the life blood of our planet,

an integral part of the global climate system. As
such they feed back to many geophysical
processes on local, regional and global scales”

https://www.bafg.de/SharedDocs/Bilder/Bilder GRDC/major_rivers and basins.gife _blob=poste r

NASA's Applied Remote Sensing Training Program

« River basin management involves

policies and decisions at the river
basin scale, which guide actions at
sub-basin levels including:

Sustainable water supplies for
all stakeholders (domestic,
industrial, and agricultural)

Flood and drought
management

Improved land and ecosystem
management

Improved sanitation

https://wwf.panda.org/our_work/water/rivers/irom/
19
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River Basin Management

http://www.unece.org/fileadmin/DAM/env/water/publications/ WAT Good practices/2015 P
CCP Flyer Good Practices LIGHT .pdf

Some factors for good river basin

GLOBAL DISTRIBUTION OF COLLECTED m O n O g e m e n -I- p rG C -I-i C eS :

AS OF MARCH 2015

 Multi-level involvement of stakeholders

 Data and information - basin level
organization is needed in order to
Implement Integrated Water Resource
Management

L] L] L] L]
-« Human right to water is key in addressing
Good practices implies that there is not a single practice or method for managing transboundary 5 hd L4

st a st ol - - access to drinking wate
water issues, but rather a suite of practices or methods that can help foster cooperation and better : rl n I n W r

relationships between users of transhoundary water rescurces. This is due to the heterogeneity
of the physical, political and socio-economic contexts of specific rivers, lake basing and aquifer E
systems, ;

* Trust between stakeholders

Good practice is often achieved through the presence of enabling factors which, upon identification,
can be used to create opportunities for cooperation.

« Capacity building of stakeholders

NASA's Applied Remote Sensing Training Program 20 .


http://www.unece.org/fileadmin/DAM/env/water/publications/WAT_Good_practices/2015_PCCP_Flyer_Good_Practices__LIGHT_.pdf

River Basin Management

« River Basin Management primarily
requires monitoring water availability
and demand in the basin

« Water availability depends on basin e
hydrology and ecology, and is
influenced significantly by weather
and climate e

+ Monitoring water availability withina ... 1 s- .
river basin is crucial for efficientand ™ :“”;H o, o
effe C ﬂve b O Si n m O n G g e m e n T* https://www.water-research.net/index.php/the-hydrological-cycle-water-budgets

" Water quality monitoring also is an important part of river basin management. This
webinar focuses on data relevant for monitoring water quantity

NASA's Applied Remote Sensing Training Program 21
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River Basin Management

Also requires:

« Accurate identification and
delineation of watersheds and
stream channels within a basin
based on terrain and slope

« Characteristics of the basin — soil and
vegetation, lakes and reservoirs,
aquifer/groundwater storage

« Information about water demand —
residential, agricultural, and industrial
—in the basin

NASA's Applied Remote Sensing Training Program

This webinar will focus on the
application of remote
sensing-based data for

access to river networks and
assessing surface water
budget components in river
basins
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Overview of Remote Sensing Data Sources Relevant for

River Basin Monitoring and Management

- River Basin Delineation
- Surface Water Budget Components




River Basin Network Based on Remote Sensing
https://www.hydrosheds.org/ https://hydrosheds.cr.usgs.gov

- Hydrological data and maps based
on SHuttle Elevation Derivatives at

multiple Scales (HydroSHEDS)
provides data sets of stream
networks, watershed boundaries,

drainage directions, flow HydroSHEDS (0

accumulations, distances, and river —

derived from SRTM

topology information

- HydroSHEDS uses digital elevation
data from the Shuttle Radar
Topography Mission (SRTM), a C-
band (5.6 cm) radar, carried on-
board the Space Shuttle Endeavour

‘See Appendix slides for more information on SRTM

NASA's Applied Remote Sensing Training Program



https://www.hydrosheds.org/
https://hydrosheds.cr.usgs.gov

River Basin Network Based on Remote Sensing
https://hydrosheds.cr.usgs.gov/datasets.php

 HydroSHEDS data set development:
details, quality check, format, and
download information

- Data void filling

- Stream identification and hydrologic
condifions derived using GIS

- Removing spurious features

- Coastal zone “weeding” to reduce the
Impact of mangroves and vegetation on =L
digital elevation data .

- Stream "burning” to enforce known river peterenes
courses onto an elevation surface

- Modeling valley courses to improve river
delineation in low lying areas

- Quality checking — more uncertainty in

flat and vegetated areas

Disclaimer

NASA's Applied Remote Sensing Training Program
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River Basin Data Availability from HydroSHEDS

https://hydrosheds.cr.usgs.gov/dataavail.php

- Data are available for download with the following filename convention:
Extent_DataType_Resolution

Extent Resolution

Data Type

NASA's Applied Remote Sensing Training Program
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River Basin Data Layers and Format from HydroSHEDS
https://hydrosheds.cr.usas.gov/data.php
« Data are available in ESRI vector and raster” format in WGS84

Layer Name Format Data Resolution
id-fi D-E-M i Raster Elevation in meters 2 GIESEE
de—ﬂlledﬁ\)gér;l Elevation 15 arc-sec
CON o 32 64 128
Hydrologically Conditioned Raster Elevation in meters 3 arc-sec
Elevation N T VL
DIR . . 3 arc-sec o= =
| S Raster ESRI direction numbers 15 are-sec  |m—
ACC Number of upstream cells draining into ¢ 4N
. Raster 15 arc-sec
Flow Accumulation each cell 8 4 2
| RIV Vector Unique |denT|f|§r and maximum flow 15 are-sec
River Network accumulation number of cells
. . = . )
| BAS | Vector Unique identifier and surface area in km 15 are-sec
Drainage Basin
‘Raster data are also available in binary images in Band Interleaved by Line (BIL) format
NASA's Applied Remote Sensing Training Program 27 .



https://hydrosheds.cr.usgs.gov/data.php

Monitoring Water Availability in River Basins

« Monitoring water availability in a basin — water flow in streams within the
basin — requires information/observations/modeling of water budget
components in the basin

« Water flow in a stream/river depends on the following components in
the watershed contributing to the flow:

- Precipitation

- Evaporation and Transpiration

- Infiltration

- Surface water: soil moisture, reservoirs, and groundwater storage
- Runoff

NASA's Applied Remote Sensing Training Program



Monitoring Water Availability in River Basins

« Water flow in a stream/river depends on the following components in
the watershed contributing to the flow:

- Precipitation
- Surface Warter: soil moisture, reservoirs, and groundwater storage
- Evaporation and Transpiration

- Infiltfration: soil characteristics, soil moisture, terrain and slope
- Runoff

Can be obtained from surface-based and remote sensing observations
Can be calculated based on other observable geophysical parameters
Can be calculated based on a water balance equation

NASA's Applied Remote Sensing Training Program 29 .



Monitoring Water Budget Components: Surface-Based Observations

River Discharge Precipitation

Soil Moisture
NUMBER OF GPCC—MONITORING—STATIONS
O for MAY 1998
d,\ )
k Ml S T A y
- e - Neas o
- Mmmmwmm B9t Garivad o Gady Sata (Sans. nsq_a‘:;‘ﬁr sz‘g o
(O} , o w sow o ,- e we e e
GRDC stations with monthly data, indicated by time series end &ver‘(le‘w of f:lllmmsl;“e stanon.s;:urrfntly_c:m!amzd(;nlth:ehlmirr;fauon{a': Slml Mo.ls(:renN((:t;m:rk‘(rI]Sh(/I;II\I)l.)Glr;e(\I (:Aol_s 'show
0 1 2 3 ry 3 8 |_° 15 20 30 B0 100 e stations that are still measuring soil moisture, rea dots the stations that were imported from the Global Soil oisture
Data Bank.
https://www.bafg.de/GRDC/EN/02 srvcs/21 tmsrs/riverdischarge node.html GPCC [stations grid]
Number of rain gauges per grid box. These https://www.geo.tuwien.ac.at/insitu/data viewer/
boxes are 2x2 degrees. (Source: Global
Eva pOTI'CI nspiroTion Precipitation Climatology Project)
Eddy Covariance System Lysimeters

Surface measurements are very important,
but are point measurements, have non-

uniform coverage, and data void regions

NASA's Applied Remote Sensing Training Program



https://www.geo.tuwien.ac.at/insitu/data_viewer/
https://www.bafg.de/GRDC/EN/02_srvcs/21_tmsrs/riverdischarge_node.html

Monitoring Water Budget Components: Remote Sensing-Based
Observations

Water Budget Satellit Earth System
Component atetifies Model
Rain TRMM, GPM GLDAS
Evapotranspiration Landsaft, Terra, Aqua
Soil Moisture SMAP
Runoff
*Groundwater GRACE, GRACE-FO
*Reservoir Height Jason 1,2,3 v

" We will focus primarily on precipitation, evapotranspiration, soil moisture, and runoff.
Groundwater and reservoir height data information is provided in the Appendix

Acronyms are defined in subsequent slides .
31
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Current Satellite Missions for Water Budget Components

 Tropical Rainfall Measuring Mission (TRMM): 11/1997 - 04/2015

« Global Precipitation Measurement (GPM): 02/2014 - present

* Landsat 7: 04/1999 - present

* Landsat 8: 02/2013 - present

e Terra: 12/1999 - present

« Agqua: 05/2002 - present

* Soil Moisture Active Passive (SMAP): 01/2015 - present M

« Gravity Recovery and Climate Experiment (GRACE): |
03/2002 - 10/2017

« GRACE Follow-on (GRACE FO): 05/2018 - present

« Jason 2: 06/2008 - present

« Jason 3: 01/2016 - present

NASA's Applied Remote Sensing Training Program



Satellites and Sensors for Water Budget Components

Satellites

Sensors

Microwave Radiometer

Spectral Measurements

Water Budget Component

TMI: 10-85 GHz
TRMM & GPM and RADAR GMI: 10-183 GHz Precipitation
TMI, PR PR and DPR (Ku and Kq)
GMI, DPR
Terra & Aqua MODIS Visible, Near IR, Middle IR Snow Cover, Evapotranspiration
Landsat 7, 8 ™M, ETM+, OLI Visible, Near IR, Middle IR, Evapotranspiration
Thermal IR
SMAP Microwave Radiometer L-Band Soil Moisture
GRACE & GRACE-FO Microwave Radar K-Band Groundwater

Jason 2, 3

Altimeter

C-Band and Ku-Band

Reservoir Height

TMI : TRMM Microwave Imager

PR Precipitation Radar

GMI: GPM Microwave Imager

DPR: Dual-frequency Precipitation Radar

For details see Session 2B on hitps://arset.gsfc.nasa.gov/webinars/fundamentals-remote-sensing
NASA's Applied Remote Sensing Training Program

MODIS: MODerate Resolution Imaging Spectroradiometer

TM: Thematic Mapper

ETM+: Enhanced Thematic Mapper

OLI: Operational Land Imager



https://arset.gsfc.nasa.gov/webinars/fundamentals-remote-sensing

Precipitation From TRMM and GPM: Multi-Satellite Algorithms

hittp://pmm.nasa.gov/science/precipitation-algorithms

« TRMM & GPM core satellites are used to calibrate microwave
observations from a constellation of national and international satellites

« Allow improved spatial and temporal coverage of precipitation data
 TRMM Multi-satellite Precipitation Analysis (TMPA)

 TMPA will be extended to match Integrated Multi-satellitE Retfrievals for
GPM (IMERG)

* Widely used for applications

NASA's Applied Remote Sensing Training Program
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Precipitation From Integrated Multi-satellitE Retrievals for GPM
(IMERG)

* Multiple runs accommodate different user
requirements for latency and accuracy

— “Early” = 5 hours (flash flooding)
— “Late” — 12 hours (crop irrigation)
— "“Final” — 3 months (research datq)

» Spatial resolution: 0.1° x 0.1°, from 60°N - 60°S
(will be 20°N - 20°§)

« Temporal resolution: Native fime intervals are
half-hourly and monthly (final only)

- Value-added products at 3 hours,1, 3, and
/ days are available

NASA's Applied Remote Sensing Training Program



TMPA and IMERG

TMPA IMERG
Spatial Resolution 0.25° x 0.25° 0.1°x0.1°
: o o Global, 60°S - 60°N
>patial Coverage Global, 5075 - S0°N (will be extended from pole 1o pole)
Temporal Resolution 3 hours 30 minutes
Temporal Coverage 12/1997 — present*® 2/27/2014 — present?

* After April 8, 2015, TRMM climatological calibration is being used to generate TMPA
*TMPA and IMERG combined data will be available in 2019 at IMERG data resolution

TMPA is widely used for hydrologic and flood modeling and IMERG will replace it in
the near future

NASA's Applied Remote Sensing Training Program 36 .



Precipitation Data Access
hitps://pmm.nasa.gov/data-access

* All about GPM data

- Including updates, news,
and FAQ

 Quick data access links and
user registration

Extreme Weather News
v Data Downloads &
Documentation
TRMM
GPM
Ground Validation
Data Sources
Data Recipes
Data News
Google Earth
NASA Worldview
Using the PPS FTP
Training
Data FAQ

 For more information about
Data Access GPM and data access visit:

g TR How to Access TRMM & GPM Precipitation Data — hTTDS//Dmm .NASA gOV/
Precipitation data from the GPM and TRMM missions is made available free to TrO | n I n q
n Facebook the public in a variety of formats from several sources at NASA Goddard Space h o
< o

Flight Center. This section outlines the different types of data available, the

Connect With Us

You levels of processing, the sources to download the data, and some helpful tips %mm g
Youtube for utilizing precipitation data in your research. New Users Start Here
¢ GPM Data Downloads & Documentation Use of the PPS FTP and
e TRMM Data Downloads & Documentation STORM requires you to first
4| Need Help? o Explanation of GPM & TRMM Data Sources register your email address.
e Data Processing "Recipes” Click here to register.

* View Frequently Asked
Questions
e View the PMM Glossary

NASA's Applied Remote Sensing Training Program 37 .

e Precipitation Data in Google Earth
* Frequency Asked Questions (FAQ)


https://pmm.nasa.gov/training
https://pmm.nasa.gov/data-access

Precipitation Data Access and Analysis Using Giovanni
https://giovanni.gsfc.nasa.gov/giovanni/

« EARTHDATA Data Discovery DAACS Community Science Disciplines

G’OVANN’ The Bridge Between Data and Science v 4.24 Release Notes Browser Compatib AﬂCIlYSIS C nd data Login

e plot options

Select Plot

[o Maps: Time Averaged Map = ] | ) Comparisons:  Select... « | | T Vertical:  Select... » | | 1 Time Series:  Select... = | | ) Miscellaneous:  Select... = |

Select Date Range (UTC) Select Region (Bounding Box or Shape)
YYYY-MM-DD. HH:mm Format: West, South, East, North

@]j00:00 @| - - @)23:50] | 0 ¢ |
Valid Range: 1948-01-01 to 2018-04-16

Temporal and spatial search
Map & shapefile selection for
various countries or the U.S.

Select Variables
¥ Disciplines Number of matching Variables: 0 of 1901 Total Variable(s) included in Plot: 0
— | Aerosols (187) Keyword : Search = Clear

—| Atmospheric Chemistry (75)
| Atmospheric Dynamics (418) I

| Cryosphere (13)
~ | Hydrology (1115)
—| Ocean Biclogy (59)

—| Oceanography (61) S earc h d a TG
| Water and Energy Cycle (1199) by keywo rd

¥ Measurements

| Aerosol Index (5)
| Aerosol Optical Depth (87)
—| Air Pressure Anomaly (1)

| Air Pressure (57)

[ Air Temperature Anomaly (2)

(| Air Temperature (101) Feedback m
71 Alhadn (95}
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Evapotranspiration (ET)

« The sum of evaporation from the
land surface, plus franspiration from
plants

« ET fransfers water from the surface
to the atmosphere in vapor form

* Energy is required for ET to take
place (for changing liquid water
INtfo vapor)

NASA's Applied Remote Sensing Training Program



Challenges in Estimation of ET

* ET depends on many variables:
— solar radiation at the surface
— land and air temperatures
— humidity
— surface winds
— soil conditions
— vegetation cover and types

« Highly variable in space and time

There are multiple ET products based
on the MODIS vegetation index, i B
thermal infrared bands from MODIS,  FEE™ "@° S a@iot & &
Landsat-8, and global geostationary (L & S5 SSEEE L

.I. ”‘.I. Image Credit: NASA Earth Observatory, Robert Simmon, based on data from the Idaho
SO e | eS Department of Water Resources
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ET From MODIS

https://lpdaac.usgs.gov/node/1191

MOD16A2: MODIS/Terra Net Evapotranspiration 8-Day L4 Global 500 m
SIN Grid V006

Description

The MOD16A2 Version 6 Evapotranspiration/Latent Heat Flux product is an
8-day composite product produced at 500 meter pixel resolution. The algorithm
used for the MOD16 data product collection is based on the logic of the
Penman-Monteith equation, which includes inputs of daily metecrological
reanalysis data along with MODIS remotely sensed data products such as
vegetation property dynamics, albedo, and land cover.

Available from MODIS on Terra
(MOD16A2) and Agua (MYD16A2)

Spatial resolution: 500 m

Provided in the MOD16A2 product are layers for composited
Evapotranspiration (ET), Latent Heat Flux (LE), Potential ET (PET) and
Potential LE (PLE) along with a quality control layer. Two low resolution browse
images are also available for each MOD16A2 granule, (1) ET and (2) LE.

The pixel values for the two Evapotranspiration layers (ET and PET) are the
sum of all eight days within the composite period and the pixel values for the
two Latent Heat layers (LE and PLE) are the average of all eight days within the = d
composite period. Note that the last 8-day period of each year is a 5 or 6-day MOD16A2. Acquired April 15, 2008. Tile HOSVO07. Central
composite period, depending on the year. S

Temporal resolution: 8 days

Validation at Stage 1 has been achieved for MODIS Evapotranspiration 10.5067/MODIS
products. L IMOD16A2.006

Improvements/Changes from Previous Versions ;::::: ::;:i‘:;?|;“‘°r Te m p O rO | C O V e rO g e : 20 ] O - p re S e n -I-

« Spatial resolution of Version 6 products increased to nominal 500 meters Dataset Version G
from nominal 1,000 meters in Version 5. Pixel Size 500

« Version 5 data products were previously distributed by the Numerical Temparal
Terradynamic Simulation Group at the University of Montana. The Granularity
Version 6 products are a continuation of this project. Spatial Extent Global

+ Operational Version 6 data products have had additional cloudfaerosol RASA Enrthonta Search, Data
screening applied for the end of the year in which the previous full year of Data Access Pool, DAAC2Disk, ADpEEARS,
MODIS Leaf Area Index/FPAR (MOD15A2H) and Albedo (MCD43A3) EarthExolorar
data are available. See Section 3.2.1 of the User Guide for more
information.

Composiles

Reference: Running, S., Mu, Q., Zhao, M. (2017). MOD16A2 MODIS/Terra Net Evapofranspiration 8-Day L4 Global 500m SIN Grid V006 [Data sef].
NASA EOSDIS Land Processes DAAC. doi: 10.5067/MODIS/MOD16A2.006
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https://lpdaac.usgs.gov/node/1191

MOD16A2 Data Access Using NASA Earthdata

hitps://earthdata.nasa.gov

Temporal and spatial search

wsxs EARTHDATA Find a DAAC ~
Product

MOD16A2 V006 O] a V-4

© Start: 2010-01-01 00:00:00 Stop: 2019-01-08 23:59:59

name

11 Rectangle: SW: 38.8125,-86.0625 NE: 41.0625,-83.8125

5000 kKm.
3000 mi

@ Back to Collections Lok, e WA G ofosef-o o

MODIS/Terra Net Evapotranspiration 8-Day L4 Global 500m SIN Grid V006 © View details

826 Granules © Add to projec

Sort by: Start Date, Newest first @ Granule Search: A Y _Granule filters

ET d 1- MOD16A2.A2018345.h11v05.006.2019003 MOD16A2.A2018345.h11v04.006.2019003 MOD16A2.A2018337.h11v05.006.2018353 MOD16A2.A2018337.h11v04.006.2018353 MOD16A2.A2018329.h11v05.006.2018344

Showing 20 of 826 matching granules

Search Time: 0.4s

155331.hdf 155459.hdf 164543.hdf 164548.hdf 222830.hdf
START  2018-12-11 00:00:00 START  2018-12-11 00:00:00 START  2018-12-03 00:00:00 START  2018-12-03 00:00:00
END 2018-12-18 23:59:58 END 2018-12-18 23:59:58 END 2018-12-10 23:59:58 END 2018-12-10 23:59:58

NASA Earthdata requires user registration
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granules

START  2018-11-25 00:00:00

END 2018-12-02 23:59:58



https://earthdata.nasa.gov

ET From Landsat
https://arset.gsfc.nasa.gov/sites/default/files/water/ET-SMAP /week4.pdf

Mapping and EvapoTranspiration at high-Resolution with Internalized
Calibration (METRIC)

I T T
’ :
k.

- — " .1 « Spatial resolution: 30 m
ph . Temporal resolution: 16 days
« Temporal coverage: 2011 - present

Image Credit: Richard Allen, University of Idaho

Allen R., T. Masahiro, R. Trezza, 2007: Satellite-Based Energy Balance for Mapping Evapotranspiration with Internalized Calibration (METRIC)—Model , Journal of irrigation and
drainage Engineering, 133, 733-943. -- https://doi.org/10.1061/(ASCE)0733-9437(2007)133:4(380)
43
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https://arset.gsfc.nasa.gov/sites/default/files/water/ET-SMAP/week4.pdf
https://doi.org/10.1061/(ASCE)0733-9437(2007)133:4(380)

METRIC ET Data Access Using EEFlux

https://eeflux-levell.appspot.com/

Google Earth Engine Evapotranspiration Flux (EEFlux)

NASA's Applied Remote Sensing Training Program

v 2018-10-16 / LE70190322018289EDCO0 / Cloud 24% / Tit EEFlux -
2018-12-19 / LE70190322018353EDC00 / Cloud 61% / Tit P T el e vt 2 518 4 30
2019-01-04 / LE70190322019004EDCO0 / Cloud 64% / Tit [ oo ma -
s r 2018-10-23 / LE70200322018296EDC00 / Cloud 3% / Tiei N
2018-11-01/ LE70190322018305EDCO0 / Cloud 100% /1 m e 2 T L e
TP 2018-11-17 / LE70190322018321EDCO0 / Cloud 87% / Tit ———— I . 2 !
N 2018-12-03/ LE70190322018337EDCO0/ Cloud 100% /1] |, o == mm = = . . E
) 2018-11-08 / LE70200322018312EDCO0 / Cloud 83% / T - m“* — o
Googe 1 2018-10-24 / LCB0180322018297LGNO0 / Cloud 18% / Ti n, o ;
2018-11-25 / LC80190322018329LGNOO / Cloud 53% / Ti i 7 W -
2018-12-11 / LCB0180322018345LGNOO / Gloud 1% / Tie o iy
Actual ET (mm/day) 2018-12-27 / LCB0180322018361LGNOO / Cloud 100% /1 _ - -
o T—— 2018-11-08 / LCB0180322018313LGNOO / Cloud 100% /7 o
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https://eeflux-level1.appspot.com/

Multi-satellite ET from The Atmosphere-Land EXchange Inverse
(ALEXI)

https://www.hydrol-earth-syst-sci.net/15/223/2011/hess-15-223-2011.pdf

« ALEXI ET is derived by using an energy
balance model

 Land Surface Temperature is obtained
from global geostationary satellites; in
addition, MODIS and Landsat are also
used in a version of ALEXI

 For more details: )

https://arset.gsfc.nasa.gov/sites/default/file
s/water/ET-SMAP/week5-1.pdf

Reference: Anderson et al., 2011, Hydrol. Earth Syst. Sci., 15, 223-239, 2011, doi:10.5194/hess-15-223-2011
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ALEXI Data Access

http://catalogue.servirglobal.net/Producteproduct id=198

SERVIREGLOBAL | proouct caraocue (5) DOWNLOAD FACTSHE

EVAPORATIVE STRESS INDEX ¢ SpOTiOl reSO|U-I-ion: 5 km

This new global Millions of people in the developing world
geospatia[ dataset depend on agriculture for their livelihoods.

. However, uncertainties in weather patterns and
reveals regions of water availability pose a serious challenge to
drought where reliable crop production. Officials in charge of

vegetation is stressed water resaurces need to know where
vegetation is stressed due to lack of water so

due to lack of water, they can more accurately monitor and/or
ca ptu ri ngea rly forecast drought, while providing farmers with

. actionable information related to mitigating the ’ ’ : > ° .
5|g”a[s of drOUght effects of water stress (e.g., irrigation) leading to more informed decisions impacting agriculture and . e m O ro re S O I O n _W _W
without using food security. l ' . e e O n
observed rainfall Application Purpose < e < e

L]
data; th I.S s cr|t.|ca| in The new global dataset, called the Evaporative Stress Index (ESI), available online and produced weekly O ' ' l O S I T e S
developing regions at 5-kilometer resolution for the entire globe, reveals regions of drought where vegetation is stressed C

« Spatial coverage: Global

and other parts of due to lack of water, enabling agriculture ministries to provide farmers with actionable advice about
R irrigation. The ESI can capture early signals of “flash drought,” a condition brought on by extended

the world Ia‘:kmg periods of hot, dry, and windy conditions |leading to rapid soil moisture depletion. Reduced rates of

sufficient ground- water loss can be observed through the use of land surface temperature before it can be observed

b d ob ti through decreases in vegetation health or “greenness.” The ESI describes soil moisture across the 'Y
SSE- observations landscape without using observed rainfall data. This is critical in developing regions and other parts of . e I I I O rO ‘ O V e rO e — re S e I I
of rainfall. the world lacking sufficient ground-based observations of rainfall. The ESI is based on satellite o

observations of land surface temperature, which are used to estimate water loss due to

* Visualization of data available in ArcGIS and

L ]
To analyze Evaporative Stress Index (ES|) data, go to
hitp://ClimateSERV.servirglobal.net, choose Get Started, draw a polygon or O O g e E G rT
choose a feature on the map, and then select Evaporative Stress Index (ESI)
as your Data Source.

To download Evaporative Stress Index (ES|) data as tif files:

https://gis1.servirglobal.net/data/esi/

To visualize Evaporative Stress Index (ESI) data in a WMS, see ArcGIS REST Service:

Igis1.senvi

https://gis1.servirglobal.net/arcgis/rest/services/Global/ESI_12WK/MapServer
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http://catalogue.servirglobal.net/Product?product_id=198

Soil Moisture From SMAP

http://smap.ipl.nasa.qgov/ * Measures moisture in the top 5 cm of soll

» Soil moisture derived from L-band
radiometer

« Radar, designed to work as Synthetic
Aperture Radar (SAR), stopped operating
after July 7, 2015

« Currently SAR data from Sentinel-1
(European Space Agency [ESA] satellite)
are used together with the passive

Frozen

Landscape o & radiometer on board SMAP
A bl " TE- | . spatial resolution: 36 km, 9 km

« Temporal resolution: 3 days

« Temporal coverage: March 2015 - present
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http://smap.jpl.nasa.gov/

SMAP Data Access From NSIDC

http://nsidc.org/data/search/#keywords=soil+moisture/

The National Snow & Ice Data Center:

Showing 1-25 of 236 Data Sets Sort by: | Relevance (highest to lowest) = | Par page: | 25+
Parameter
Filter Parametars SMAP L3 Radar Global Daily 3 km EASE-Grid Soil Moisture CetData =
[ Active Layer [2m Temporal Coverage 2015-04-13 to 2015-07-07
O Asrosoks @ Parameter Sigma Mought | Soil Moisture @
[ Air Temparature  {40) Data Format HDFS
[ Albedo 4) Summary This Leval-3 {L3) soil moisture product provides a composite of daily estimates of global land
2 = — surface conditions retrieved by the Soil Moisture Active Passive (SMAF) radar ...More Detail
P \L ] [ Altitude 2
/| . 5 R e s ! [ Antenna Temper... (1)
~ Soil Moisture Active Passive Data (SMAP) - O AmosphericCh...  (4) SMAP L2 Radar Half-Orbit 3 km EASE-Grid Soil Moisture Get Data -
NASA SMAP data at the NSIDC DAAC. Read rﬁpre oy 3 [ Atmospharic Pra... (18) Temporal Coverage 2015-04-13 to 2015-07-07
. T ¥ \ % [ Atmospharic Pra... (28) Parameter Sigma Mought | Soil Moistura
. Data Format HOFS
v X
\L A Summary This Laval-2 {L2) soil moisture product provides estimates of global land surface conditions
A Spatial Coverage ratrieved by the Soil Moisture Active Passive {SMAP) active radar during 8:00 =~ ... More Detai
[ Show Global Only (25)
SMAP L3 Radiometer Global Daily 36 km EASE-Grid Soil Moisture CetData ~
Temporal Duration Temporal Coverage 2015-03-31 to continuous
[ <1 year (164) Parameter Brightness Temperature | Soil Moisture @’
O 1+ years (B8) Data Format HDFS
[ 5+years (32) Summary This Leval-3 {L3) soil moisture product provides a composite of daily estimates of global land
— surface conditions retrieved by the Soil Moisture Active Passive (SMAF) passiv ...More Detail
[ 10+ years (22)
[ Mat specified )
SMAP L2 Radiometer Half-Orbit 36 km EASE-Grid Soil Moisture GetData -
SClemlﬁC Data fOf Re%ard\ Format Temporal Coverage 2015-03-31 o continuous
B 5 Parameter Brightness Temperature | Soil Moisture @’
» 1) b= { 25] Data Format HDF5
M * A ‘ Q Ij' Ly (22) Summary This Level-2 {L2) soil moisture product provides estimates of global land surface conditions
' | Documents (13) ratrieved by the Soil Moisture Active Passive {SMAF) passive microwave radio ...More Detail
. : ) | ESRI Shapefia 3)
Glaciers Ice Sheets Ice Shelves Permafrost Sea Ice Soil Moisture Search for more O s )

- —

Level 2 to Level 4 data
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http://nsidc.org/data/search/#keywords=soil+moisture/

SMAP Data Access Using AppEEARS

https://lodaacsve.cr.usgs.gov/appeears

Application for Extracting and Exploring Analysis Ready Samples (AppEEARS) /

Extract Area Sample

Enter a name to identify your sampie

Extract data by

custom shapefile R

Extract data within a box

Temporal selection —— : or polygon shapefile

Lt | NASA SOSS Gl

'Ql " select a dataset below to list the products that are currently available in AppEEARS.
Select the layers to inciude in the sampie O

ARD

Combined MODIS
DAYMET

e0DIS Smoothed MDVI
Global WELD

GPW

S-NPP NASA VIIRS

Data format gl sz B B

NOTE: Be awaro that any reprojection af data from f5 S0Urce Projoction to a difierant projection will inherently change the data
from s original format. Al reprojocions use GOAL ‘s gaahwarp ¢ function in combination with the PRO.L4 . s¥ing Istod above. EEEHQD ET

For adatianal information, soe the AXNEEARS help documentation.
Terra MODIS

Submit data extraction WELD
request ==

Data & layer selection
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Global Land Data Assimilation System (GLDAS) for Water Budget Data

http://Idas.asfc.nasa.gov/gldas/

A water and energy balance model with assimilation of remote sensing data

Inputs: . . Integrated outputs include:
« Rainfall: TRMM and multi-satellite . :

based data e Soll Moisture
* Meteorological data: global « Evapotranspiration

reanalysis and observations-based
data from Princeton University

. Vegetation mask, Land/Water * Snow water equivalent
mask, Leaf Area Index (LAI):
MODIS (GLDAS-2)

» Clouds and Snow (for surface
radiation): NOAA and DMSP
satellites

Surface/Sub-surface runoff

Reference: Rodell, M., P. R. Houser, U. Jambor, J. Gottschalck, K. Mitchell, C.-J. Meng, K. Arsenault, B. Cosgrove, J. Radakovich, M. Bosilovich, J. K. Entin, J. P. Walker, D. Lohmann,
and D. Toll, 2004. The Global Land Data Assimilation System. Bulletin of the American Meteorological Society, 85(3):381-394. @
50
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Water Budget Data Access From GLDAS Using Giovanni

https://qgiovanni.gsfc.nasa.gov/qgiovanni/

Giovanni User Support unavailable during government shutdown ... [1of 1 messages] Read More

Select Plot
L] L] O O
© Maps: Time Averaged Map = Comparisons:  Select... v Vertical: Select... v Time Series: Select... v Miscellanecus: Select... = Y S p O 'I'I O | res O | U 'I'I O n b O 25 X O 25
L ] L] L]
Select Date Range (UTC) Select Region (Bounding Box or Shape)
YYYY-MM-DD HH: Format: West, South, East, North

¢ [ oo - Temporal resolution: 3 hourly,

Valid Range: 1948-01-01 to 2019-01-08

Please specify a start date.

Select Variables m O n 'I' h |y
¥ Disciplines Number of matching Variables: 217 of 1981 Total Variable(s) included in Plot: 0

Atmospheric Dynamics (1) Please select at least 1 variable

Hydrology (216) Keyword : GLDAS NOAH Search Clear -|- | 2 O O O
- A smam Y L4 rese 'I'
emporal coverage: o N

GLDAS .

Snow melt (GLDAS NOAHO025 3H v2.1) kg m-2 Moddl 3-hourly 0.25 2000-01-01  2018-11-30
o GLDAS o

Soil temperature (0 - 10 em ur ) (GLDAS NOAH025 3Hw2.1) K S 3-hourly 0.25 2000-01-01  2018-11-30

Soil moisture content (40 - 100 cm (GLDAS NOAHO025 3H kg m-2 GLDAS 3-hourly 0.25° 2000-01-01 2018-11-30

v2.1) Model

D d shortwave radiation flux  (GLDAS NOAHO25 3H v2.1) Wm2 GLOAS | anouly | 025 20000101 20181130
GLDAS .

Sensible heat net flux (GLDAS NOAH025 3H v2.1) Wm-2 Model 3-hourly 0.25 2000-01-01 2018-11-30
GLDAS .

Albedo  (GLDAS NOAH026 3H v2.1) % et 3-hourly 0.25 2000-01-01  2018-11-30

Soil moisture content (100 - 200 cm underground) (GLDAS NOAH(25 3H kg m-2 GLDAS 3-hourly 0.25°¢ 2000-01-01 2018-11-30

v2.1) Model

GLDAS .

Baseflow-groundwater runoff (GLDAS NOAH025 3H v2.1) kg m-2 Model 3-hourly 0.25 2000-01-01 2018-11-30

Soil temperature (10 - 40 cm underground)  (GLDAS NOAH025 3H v2.1) K GUOAS | ghouty | 025° 20000101 20181130
GLDAS o

) (GLDAS NOAH025 3Hv2.1) kg m-2 s-1 T 3-hourly 0.25 2000-01-01  2018-11-30
GLDAS .

Storm surface runoff (GLDAS NOAHO025 3H v2.1) kg m-2 Model 3-hourly 0.26 2000-01-01 2018-11-30

Soil moisture content (0 - 10 cm underaround) {GLDAS NOAHD25 Mv2.0) kg m-2 SLOAS  Monhy | 025% 19430101 20101231

Snow depth water equivalent (GLDAS NOAH(25 Mv2.0) kg m-2 at[;:ls Monthly 0.25° 1948-01-01 2010-12-31
- GLDAS .

T ) (GLDAS NOAHD25 Mv20) Wm-2 et Monthly 0.25 1948-01-01  2010-12-31
GLDAS .

Snow depth  (GLDAS NOAHO25 Mv2.0) m Mode! Monthly 0.25 1948-01-01  2010-12-31
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https://giovanni.gsfc.nasa.gov/giovanni/

Advantages of Remote Sensing & Modeling Data

« Remote sensing-based data provide near-global to
global coverage compared to surface-based, spatially
non-uniform point measurements

 Provide data where surface-based measurements are
unavailable

« Earth systems models integrate surface-based and
remote sensing observations and provide uniformly
gridded, frequent information of water budget
components

« Earth system models provide parameters that aren’t
directly observed by satellites (e.g. runoff, ET)

 Data are free and there are web-based tools to subset,
download, analyze, and visualize data

« Data are available in near-real time for the last 10+ years

Top: Global rain gauge locations. Credit: Infroduction to Tropical Meteorology, The COMET Program

Bottom: Annual Precipitation (2015) from NASA GPM
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Challenges in Using Remote Sensing & Modeling Data

« All freshwater components are measured by different satellites and sensors with
varying spatial and temporal resolutions, coverage, and quality

» Satellite and model data files are large and in different data formats, and
available from different portals—training is required to learn how to access them

« While the data are generally validated with selected surface measurements,
regional and local assessment is recommended

« Often additional processing is needed for specific applications
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Demonstration of Data Access
- HydroSHEDS




River Basin Network from HydroSHEDS

https://www.hydrosheds.org/ htips://hydrosheds.cr.usgs.gov

Parana River Basin Potomac River Basin

A Hdllﬂ‘ébuﬂ]‘,?/

......

snlen

George
Washington

Forest

NASA's Applied Remote Sensing Training Program
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Thank You




Appendix




Terrain Data from Shuttle Radar Topography Mission (SRTM)

hitps://www2.ipl.nasa.gov/srtim/mission.htm

. C-band (5.6 cm) SAR mission Radar signals being fransmitted and

received on the SRTM mission
 NASA Spocg Shuttle Endeavour (not to scale)
« Completed in February 2000

» 176 orbits around Earth in 11 days I/"V%”Sg"”ed
\Y4
« Generated digital elevation maps of Received
all land between 60°N-56°S latitude YT Wave

« ~80% of Earth’s total land mass
« SRTM used interferometry to generate
topographic (elevation) maps

* For detailed information see:

https://arset.gsfc.nasa.qgov/sites/default/fil
es/water/Brazil 2017/Day3/S6P2.pdf

Spatial resolution: 30 m

NASA's Applied Remote Sensing Training Program
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SRTM Elevation Data Access from Global Data Explorer (GDEX)
hitp://gdex.cr.usgs.qgov/

«« EARTHDATA Data Discovery ~ DAACs ~ Community ~ Science Disciplines ~

v o\
ZUSGS 4 P DAAC
science for a changing world b

Global | -]
AU R O O @ = Yy

£ Map Layers

=) -7 Background Image
ZI@ASTER Glovai oem O
Z) NASA Blue Mardle

=3[ Data Coverage
=) ASTER Gloval oEM V2 ©
=] INGA SATM 1 arcsec 0
=) NGA SATM 3 arcsec O
ﬂ NASA SATM 1 arcsec 0
=) NASA SRTM 3 arcsec O

=) 3 ' World Boundaries
=)@ Country
=] @ Swate/Province

N

Download

Californix

Define region of &
interest by bounding [ "
box, state, country, or
lat/long

/oom

Accessibility FOIA Privacy Policies and Notices

U.S. Department of the lnlgng | U.S. Geological Survey
URL: https:/igdex.cr,

Page Contact Informauon PDAAC@usgs Qov

Page Last Modified: 01/27/2017

User Guide | GMU | CSISS | About GeoBrain | Contact
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GRACE and GRACE-FO

« Polar, sun-synchronous orbit
« Twin satellite system

« Spatial coverage and resolution:
— Globdl
— Resolution: 1° x 1°

« Temporal Coverage and Resolution:
— March 17, 2002 - present
— 250 gravity profiles per day

Note: GRACE-FO currently is still in In-
Orbit-Checkout (I0OC) phase. Data will
be available mid-2019

http://www.jpl.nasa.gov/missions/details.php2id=5882
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GRACE and GRACE-FO Data Access

* Level-0 to Level-2
— fip://podaac.jpl.nasa.gov/allData/grace/
— http://www.csr.utexas.edu/grace/
— https://isdc.gfz-potsdam.de/grace-isdc/

— https://isdc.gfz-potsdam.de/grace-fo-
isdc/

\\ CU GRACE Data Portal

* Level 3
— http://arace.jpl.nasa.gov/data/
— http://geoid.colorado.edu/grace/
— https://podaac.jpl.nasa.gov/GRACE-FO

d Download Port

CE Inferactive Data Analysi al:
http://geoid.colorado.edu/grace/
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ftp://podaac.jpl.nasa.gov/allData/grace/
http://www.csr.utexas.edu/grace/
https://isdc.gfz-potsdam.de/grace-isdc/
https://isdc.gfz-potsdam.de/grace-fo-isdc/
http://grace.jpl.nasa.gov/data/
http://geoid.colorado.edu/grace/
https://podaac.jpl.nasa.gov/GRACE-FO
http://geoid.colorado.edu/grace/

Jason 1,2, and 3
http://sealevel.ipl.nasa.gov/missions/

* Non-polar orbit

« Spatial Coverage:

— Covers 95% of the world's oceans
— 66°N-66°S latitude

« Temporal Coverage:
— Revisit time: 10 hours

— Jason-1:12/2001 -7/2013
— Jason-2: 06/2008 - present

r Jason 1

— | AL — Jason-3: 01/2016 - present
TOPEX/Poseidon Jv J : ‘ ° Sensors:

N\ 1992-2006
|

— Poseidon altimeter

— Advanced Microwave Radiometer
(AMR) and DORIS

NASA, NOAA, CNES, and EUMETSAT Joint Missions .
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http://sealevel.jpl.nasa.gov/missions/

Jason 2 & 3 Data for Reservoir Heights

« Current satellite radar altimeters only view a certain proportion of the world’s
largest water bodies, with a trade-off between temporal and spatial resolution

10 day resolution 35 day resolution
« Sampling ~380 water « Sampling ~1,065 water
bodies bodies
* Including ~90 reservoirs * Including ~230 reservoirs

\ /

Common Sampling: ~315

Acknowledgement: Charon M. Birkett, Earth System Science Interdisciplinary Center, University of Maryland, College Park
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Jason Reservoir Height Data Access

USDA Crop Explorer

U.S. Department of Agriculture
Foreign Agricultural Services

http://www.pecad.fas.usda.gov/cropexplor
er/global reservoir/

NASA's Applied Remote Sensing Training Program

USDA unted scaces Deparsment of Agricubare
s Foreign Agricultural Service

st

SERD)

Latest Product News

October 8th 2015 - des and New Prod

o The surface water level variation procucts have recently been upgraded (from TP10.1.1 to TPIO.1.3 and TPIO.2 to TPID.2.3). They
have been re-calculated based on updated aitimetric parameters and a revised reference datumn. End users are advised not to mix the
old/new product versions.

® The upgraded products now inciude correction factors in the asdi text file header which will enable enc users to translate the
satellite-based time series into various arthometric frames (approximating mean sea level). AL the lake product level there is also the
option (left-hand panel) to view the reference and geoid height profiles which were used to determine these correction factors, Details
can be found in the Q8A link.

* Adctional lske products displaying varistions from 2008 to the present day at 10-day resolution are also row available..

NOTE 1!
o End users must consider the lozation of the satellite ground track AND the saction of track used to create the products. This is
particulary Important far complex @nd drought-prone lakes and reservorrs, where height variability may be location depencent. See

the procuct heacers.
o End users must also note that the graphs/products sssociated with the filtered time series are provided as & visualization sic only.

10-day Near Real Time products with datum based on a single satellite overpass (1 day)
obal Reservoir and Lake Monitor: 10-day resolution
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10-day Status products with datum based on a 9 year (1993-2001) mean
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http://www.pecad.fas.usda.gov/cropexplorer/global_reservoir/

