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 Empowering the global community through remote sensing training

 Tallored to:
— policy makers
— regulatory agencies
— applied environmental professionals

e Goal: to increase the use of NASA Earth Science models & data for environmental applications:
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Disasters Ecoforecasting Health & Air Quality Water Resources
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WELCOME TO
NASA APPLIED REMOTE SENSING
TRAINING (ARSET)

WEBINAR SESSION 1

FUNDAMENTALS OF REMOTE SENSING

Online Trainings In-person Trainings Train the Trainers
e 1 hraweek, 4-6 weeks e 2-4 days in a computer lab e Courses & training manuals
 Live & recorded * Focus on data access e For groups interested In
e Include demos on data * Locally relevant case doing their own remote
access studies sensing trainings
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‘ Prerequisite

@ Fundamentals of Remote Sen: X

~ SeSS i O n 1 : F u n d am e ntal S Of Re m Ote Se n Si n g & C | @ https://arset.gsfc.nasa.gov/webinars/fundamentals-remote-sensing | D 'a f? & C
— http://arset.gsfc.nasa.gov/webinars/fundame S

These webinars are available for viewing at any time. They provide basic information about the

n t al S — re m Ote = S e n S I n q fundamentals of remote sensing, and are often a prerequisite for other ARSET trainings. FREAT

Webinars

Learning Objectives:

. i i . . Workshops
Participants will become familiar with satellite orbits, types, resolutions, sensors and processing levels. In

addition to a conceptual understanding of remote sensing, attendees will also be able to articulate its Suggest a Training
advantages and disadvantages. Participants will also have a basic understanding of NASA satellites,

sensors, data, tools, portals and applications to environmental monitoring and management. Personnel

Resources
Course Format:

+ One-hour sessions

« Currently two available sessions
« No certificates are available for this training

Prerequisites:
Mo previous remote sensing experience is required for this training.
Audience:
These webinars are appropriate for professionals with no previous experience in remote sensing.
Registration Information:
This webinar series is free, but you must register for each session before viewing the recording.
Course Agenda:
On Demand Agenda.pdf

Session 1: Fundamentals of Remote Sensing

A general overview to remote sensing and its application to disasters, health & air quality, land, water
resource and wildfire management. View the recording »

« /- Presentation Slides

Session 2A: Satellites, Sensors, Data and Tools for Land Management and Wildfire Applications
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Outline

Water Resources Management

Overview of Satellites and Sensors

Overview of Earth System Models
Data and Tools
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‘ Water Resources Management

» For sustainable water management, it is critical to have accurate estimates of water cycle

components
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Image Credit: USGS
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Water Resources Management
Freshwater Components

Over a watershed, river basin, or region:

* Precipitation (rain, snow) is the main source of fresh water
— Other regional contributions: runoff and streamflow, lakes, soil moisture, and ground water

e Evaporation and evapotranspiration through loss of water to the atmosphere and runoff outflow
contribute to depletion of water

« Surface fresh water availability (W) is largely controlled as follows:
W = (precipitation + runoff in the region) —
(evaporation/evapotranspiration + runoff outflow + infiltration)
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Water Resources Data Applications
Freshwater Components Required

| Agricultural & Flood & Drought Reservoir & Dam
Water Allocation Irrigation Management Management
Management
« Water Budget * Precipitation « Precipitation « Reservoir Height
* Soil Moisture e Runoff/Streamflow  « Precipitation
* Evapotranspiration « Soil Moisture  Runoff/Streamflow

e Evapotranspiration
» Groundwater
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Freshwater Information

* Not all water cycle components ca easily be measured directly, such as:

— Evapotranspiration
— Runoff
— Water vapor transport

 NASA satellites and Earth system models measure and calculate all water cycle components

National Aeronautics and Space Administration Applied Remote Sensing Training Program
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NASA Satellites & Earth System Models
Provide Hourly, Daily, Seasonal, and Multi-Year Time Scales

Useful for water resources management and hydrology model inputs:

 Rain

Soil Moisture

Snow and Ice

Temperature

Humidity
Winds
Surface Radiation

National Aeronautics and Space Administration

e Ground Water

* Vegetation Index

» Evapotranspiration
* Runoff

From satellites and models
From satellite observations

From atmosphere-land models that assimilate
satellite observations
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NASA Satellites for Water Resources Monitoring

RapidSCAT qss)

CATS (ss)

05TM/Jason-2
2008

Sl

National Aeronautics and Space Administration

SMAP

™ CALIPSO
2006

CloudSat

Landsat: 07/1972 — present

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

Global Precipitation Measurements (GPM):
02/2014 — present

Terra: 12/1999 — present
Agqua: 05/2002 — present

Soil Moisture Active Passive (SMAP):
01/2015 — present

Gravity Recovery and Climate Experiment
(GRACE): 03/2002 — present

Jason 1, 2, 3: 12/2001 - present
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NASA Satellites for Water Resources Monitoring

» Each satellite carries one or more sensors
or instruments with specific spectral
channels to observe geophysical quantities

e This presentation will describe sensors
most useful for water resources data

National Aeronautics and Space Administration

Landsat: 07/1972 — present

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

Global Precipitation Measurements (GPM):
02/2014 — present

Terra: 12/1999 — present
Agqua: 05/2002 — present

Soil Moisture Active Passive (SMAP):
01/2015 — present

Gravity Recovery and Climate Experiment
(GRACE): 03/2002 — present

Jason 1, 2, 3: 12/2001 - present
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NASA Satellites for Water Resources Monitoring

Evapotranspiration > e Landsat: 07/1972 — present

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

Precipitation > o
e Global Precipitation Measurements (GPM):
— 02/2014 — present
Snow Cover, Vegetation Index for e Terra: 12/1999 — present
Evapotranspiration > e Aqua: 05/2002 — present
Soil Moisture s> * Soll Moisture Active Passive (SMAP):
01/2015 — present
Ground Water 5> * Gravity Recovery and Climate Experiment
(GRACE): 03/2002 — present
Reservoir Height = e Jason 1, 2, 3: 12/2001 - present
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Landsat Satellites and Sensors

http://landsat.qsfc.nasa.qov

I Landsat1 July 1972 — January 1978

I Landsat 2 January 1975 — July 1983
I Landsat 3 March 1978 - September 1983

I Landsat4 July 1982 — December 1993

N Landsat5 March 1984 — January 2013
| Landsat6 October 1993

1970 1975 1980 1985

Credit: http://landsat.usgs.gov/about mission history.php

Landsat 7 April 1999 - |

Landsat 8 February 2013 - D

National Aeronautics and Space Administration

Landsat9 2023 |

1990 1935 2000 2005 2010 2015 2020 2025

Applied Remote Sensing Training Program
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Enhanced Thematic Mapper (ETM+)
http://geo.arc.nasa.gov/sge/landsat/l7.html

 Onboard Landsat-7 Spectral Bands

» Polar orbiting satellite « 8 bands (blue-green, green, red, reflected &
thermal IR, panchromatic)

« Spatial Coverage and Resolution:
— Global, Swath: 185km — Bands 1-5, 7: 30 m

— Spatial Resolution: 15m, 30m, 60m — Band 6: 60 m
 Temporal Coverage and Resolution: — (Bl €S [
— April 15, 1999-present
— 16-day revisit time ’“
L [ W B e | D

2400 10000 11000 12000

Wavelength (nm)
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Operational Land Imager (OLI)

 Onboard Landsat-8 Spectral Bands
» Polar orbiting satellite e 9 bands (blue-green, green, red, near IR,
- Spatial Coverage and Resolution: shortwave and thermal IR)

— Global, Swath: 185km — Bands 1-7, 9: 30m

— Spatial resolution: 15m, 30m — Band 8:15m

Temporal Coverage and Resolution:
— Feb 11, 2013 — present
— 16-day revisit time

(=]
=]

%)

§

Gl L B _ —

2t 280 | | ¢OY  Twes HEH D

- [CE=T] /

o

z lEa L. | . It yerms 2 |
[Ji —N

100 900 1400 1900 2400 10000 11000 12000 13000

Wavelength (nm)
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Landsat Data for Water Resources Applications

* Freshwater Component
— Evapotranspiration (ET)

* Landsat Data Used:

— Thermal Infrared Emission V
— Blue, Green, Red ;!x A
— Near Infrared Spectral Reflectance - F e ﬁf-
» Usage:
— Derive Land Surface Temperature -

— Land Cover to calculate ET

Brightness Temperature from Landsat TIR California where
unseasonably warm temperatures were noted on December 16,

2013. credit: hitps://blogs.esri.com/esri/arcgis/2014/01/06/deriving-temperature-from-landsat-
8-thermal-bands-tirs/

National Aeronautics and Space Administration Applied Remote Sensing Training Program 19
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Where to get Landsat Images and Spectral Reflectance Data?

USGS Earth Explorer USGS Global Visualization USGS Landsatlook Viewer
http://earthexplorer.usqgs.qgov/ Viewer http://landsatlook.usqgs.qov/
http://glovis.usgs.gov/ viewer.html
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TRMM Satellite & Sensors

http://trmm.gsfc.nasa.qgov

 NASA & JAXA (Japanese Space Agency) TRMM Orbits
Joint Mission

 In a non-polar, low-inclination orbit

 Altitude of approximately 350 km, raised to
403 km after Aug 23, 2001

» Spatial Coverage

— 16 TRMM orbits a day covering global
tropics between 35°S — 35°N latitude

e Revisit Time: 11-12 hrs
— Time of observation changes daily

e Sensors:
— TMI, PR, VIRS, LIS, CERES

National Aeronautics and Space Administration Applied Remote Sensing Training Program 21
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TRMM Microwave Imager (TMI)
http://pmm.nasa.gov/ TRMM/TMI

» Spatial Coverage and Resolution: T™I Swaths
— Coverage: -180°-180°, 35°S-35°N "
— Swath: 760km (878km after 8/2001) e S e
— Vertical Resolution:

* 0.5 km from surface — 4 km : el
e 1.0 km from 4-6 km 2A1-'_F_MI ;;§f1|eh;j nf’zge
e 2.0 km from 6-10 km _‘ O

.............................

A

 Temporal Coverage and Resolution:

— Nov 27, 1998 — April 15, 2015 [ — ] i ]
g mirm, hr
- 16 Orb|tS per day 2008/058/31 image contains 16 orblts, orbit numbers from 80084 to BOOES

* Channel Frequencies
— 10.7,19.4, 21.3, 37, 85.5 GHz

National Aeronautics and Space Administration Applied Remote Sensing Training Program 22
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Precipitation Radar (PR)
http://pmm.nasa.qov/TRMM/PR/

» Spatial Coverage and Resolution: PR Swaths
— Coverage: 35°S — 35°N
— Swath: 215 km (247 after 8/2001)
— Spatial Resolution: 4.3km (5 km)
— Vertical Resolution: 250m (from 0-20 km)

 Temporal Coverage and Resolution:
— Nov 27, 1998 — Oct 7, 2014
— ~16 orbits per day

90N

6ON
30N .- "
EQ
30S

B0S

90S

° Frequency: o} BOE 120E 180 120W BOW 0
_ 13.6 GHZ 0 3 6 S 9 12 15

Kummerow, C., et. al, 1998: The tropical rainfall measuring mission
(TRMM) sensor package, J. Atmos. Oceanic Technol., 15, 809-817.
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TRMM Data for Water Resources Applications

. Freshwater Component: TMI Rainfall PR Rainfall
— Rain Rate .

- TRMM Data Used: TMI kS —
Brightness Temperatures, PR i
Reflectivity, VIRS Brightness
Temperature and Reflectance

 TMI and PR Rainfall on
September 16, 2013, at 0227
UTC when TRMM flew over
Hurricane Ingrid in Gulf of
Mexico

* PR shows 3D structure of the
rainfall

National Aeronautics and Space Administration Applied Remote Sensing Training Program 24



GPM Satellite & Sensors
http://pomm.nasa.qov/GPM

 NASA and JAXA (Japanese Space Agency)

Joint Mission

 GPM core satellite is in a non-polar, low
Inclination orbit
— Altitude: 407 km

« Spatial Coverage:

— 16 orbits a day covering global tropics,
between 65°S — 65°N

« Along with constellation of satellites, GPM

has revisit time of 1-2 hrs over land

e Sensors:
— GMI, DPR

National Aeronautics and Space Administration

GPM Core Satellite
Launched Feb 27, 2014

- Suomi NPP
MetOp B/C o %% (nasa/noaa)
(EUMETsAT) WM & AL

TRMM
(NASA/IAXA)

GPM Core Observatory

% (NASA/IAXA)

Megha-Tropiques

»
= h (CNES/ISRO)
U
et &
’
29

JPSS-1 i
(NOAA) A
< NOAA 18/19
wr’ﬂi'“ ’g (NOAA)
.,»:ii‘ '
¥ v A
DMSP F17/F18/ 7% GcoM-wl
F19/F20 - {IAXA)
(DoD)
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GPM Microwave Imager (GMI)

http://pmm.nasa.qov/GPM/flight-project/ GMI

» Spatial Coverage and Resolution:
— Coverage: -180°-180°, 65°S-65°N
— Swath: 885 km
— Spatial Resolution: 4.4-32 km
— Vertical Resolution:

e 0.5 km from surface — 4 km
e 1.0 km from 4-6 km

e 2.0 km from 6-10 km

e 4.0 km from 10-18 km

 Temporal Coverage and Resolution:
— Feb 2014 — present
— ~2-4 hr observations

e Channel Frequencies:
— 10.6, 18.7, 23.8, 36.5, 89, 166, 183 GHz

National Aeronautics and Space Administration

%

10

GMI Swath
%

150 180E 210E 240E  270E 300
I — surfacePrecipitation (mm/h)
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Dual Precipitation Radar (DPR)
http://pmm.nasa.qov/GPM/flight-project/DPR

» Spatial Coverage and Resolution:
— Coverage: -180°-180°, 65°S-65°N
— Swath: 120 km (Ka) and 245 km (Ku)
— Spatial Resolution: 5.2 km
— Vertical Resolution: 250 m (from 0-20 km)

 Temporal Coverage and Resolution:
— Feb 27, 2014 — present
— ~2-4 hr observations

* Frequency:
— 13.6 and 35.5 GHz

National Aeronautics and Space Administration

DPR Swaths

Ka 35.5 GHZ

Ku 13.6 GHZ

.,f' ;

. T .PFECi.PR.;:teEéur;‘cce'.(rﬁm/h)
5
fx’

“J(J—.“precipli;:iteESL.:“rface. (mm/h)
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GPM Data for Water Resources Applications

» Freshwater Component:

— Continues to provide improved rain rates
after TRMM

* Provides estimates of snow rates

« GPM data used:
— GMI brightness temperatures
— DPR Reflectivities

National Aeronautics and Space Administration

g Frozen Precipitation

&
\'\_._

L3

A storm over the eastern United States showing precipitation, from
rain to snow. Observed by GPM Core Satellite on March 17, 2014.

Credit: https://pmm.nasa.gov/image-gallery/gpm-data-march-2014-east-coast-snowstorm
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‘ TRMM and GPM Comparison

« TRMM measurements are limited to tropics;
GPM measurements span middle and high

latitudes

National Aeronautics and Space Administration

GMI and DPR provide improved reference
standard for inter-calibration of constellation
precipitation measurements compared to
TMI/PR

Better accuracy of measurements for GMI &
DPR

GMI has higher spatial resolution than TMI

Improved light rain and snow detection in
GPM (TRMM cannot detect rainfall
<0.5mm/hr)

DPR has better identification of liquid, ice,
mixed—phase precipitation particles

Applied Remote Sensing Training Program 29



Multi-Satellite Algorithms for TRMM and GPM

http://pmm.nasa.qgov/science/precipitation-algorithms/

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

This multi-satellite algorithms allow improved spatial and temporal coverage of precipitation
data

TRMM Multi-satellite Precipitation Analysis (TMPA) is widely used for applications
TMPA will be extended to match Integrated Multi-satellitE Retrievals for GPM (IMERG)

References:

Huffman, G.J., R.F. Adler, D.T. Bolvin, G. Gu, E.J. Nelkin, K.P. Bowman, E.F. Stocker, D.B. Wolff, 2007: The TRMM Multi-satellite Precipitation Analysis: Quasi-Global, Multi-Year, Combined-
Sensor PrecipitationEstimates at Fine Scale. J. Hydrometeor., 8, 33-55. MERG ATBD V4.5.pdf

National Aeronautics and Space Administration Applied Remote Sensing Training Program
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TRMM Multi-Satellite Precipitation Analysis (TMPA)
http://precip.gsfc.nasa.qgov/trmm comb.html

TMPA Combines PR and TMI rain rates

Inter-calibrates passive rain rates from other satellite sensors (TMI, SSM/ll, AMSR, AMSU-B,
MHS, IR radiometers)*

Inter-calibrates with national and international geostationary and NOAA low-Earth orbiting
satellites infrared measurements by using VIRS

Final rain product is calibrated with rain gauge analyses on monthly time scale

SSM/I and SSMIS: Special Sensor Microwave Imager Special Sensor Microwave Imager/
Sounder — sensor on Defense Meteorology
Satellite Project (DMSP)

AMSR: Advanced Microwave Scanning Radiometer — sensor on NASA Aqua satellite

AMSU: Advanced Microwave Sounding Unit —sensor on NOAA operational satellite

National Aeronautics and Space Administration Applied Remote Sensing Training Program 31
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Integrated Multi-satellitE Retrievals for GPM (IMERG)
https://pmm.nasa.gov/sites/default/files/document files/IMERG ATBD VA4.5.pdf

» Conceptually similar to TMPA

» GPM constellation satellites include:
— GCOM-W, DMSP, Megha-Tropigues, MetOp-B, NOAA-N’, NPP, NPOESS

* Final rain product is calibrated with rain gauge analyses on monthly time scale

National Aeronautics and Space Administration Applied Remote Sensing Training Program
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Where to get TRMM & GPM Data?
Precipitation Measurement Missions: http://pmm.nasa.gov/

NA‘M NATIOMAL AEROMAUTICS GODDARD SPACE | i | Search
AND SPACE ADMIMISTRATION FLIGHT CEMTER

PRECIPITATION MEASUREMENT MISSIQNS

Home GPM TRMM Science Applications Meetings Data Access Resources Education ‘

|
The Art of Creating Dlgltal Hurricanes | RNV B « Home to all the information

Every day, scientists at NASA M  TROPICAL RAINFADN

s el N related to TRMM and GPM
hurricanes = on a computer ! f,.' TRMM operated from 1997

screen. At NASA's Goddard o - 2015 and carried the first

Space Flight Center in T . A" on=orbit active/passive instrumenis™

Greenbelt, Maryland, a team of 2.9 '_ . ¥ tropical rainfall. 3B42* data will contin®

scientists spends its days ’ wha L o . through mid-2017 ...more

el ' T e 't % GPM - m*-;\ » Links to Level-1 to Level-3 Data
sophisticated graphic tools and

lines of computer code to create - * - - f* GLOBAL ’;‘( @ﬂg AcceSS

computer models simulating the . - PRECIPITATION

weather and climate conditions ; - . B i MEASUREMENT - .‘g ".‘
responsible for hurricanes. ’ /s An |nternat10na| %
Scientists use these models to

8| study the complex...

on Feb. 27, 2014, that is settlng new
. standards for grecipitation measurements
% FEATURED ARTICLES worldwide using a network of satellites
g united by the GPM Core Observatory. Get
data

Le Havre
- =

[ LATEST HALF-HOURLY PRECIPITATION -~ . A T e o
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Terra and Aqua

Terra
* Polar orbit, 10:30 a.m. equator crossing time

Global coverage
Dec 18, 1999 — present
1-2 observations per day

Sensors:
— ASTER, CERES, MISR, MODIS, MOPITT

Aqua
e Polar orbit, 1:30 p.m. equator crossing time

Global coverage
May 4, 2002 — present
1-2 observations per day

Sensors:
— AIRS, AMSU, CERES, MODIS, AMSR-E

National Aeronautics and Space Administration
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MODerate Resolution Imaging Spectroradiometer (MODIS)

http://modis.gsfc.nasa.gov

e On board Terra and Aqua

* Designed for land, atmosphere, ocean, and

cryosphere observations

« Spatial Coverage and Resolution:
— Global, Swath: 2,330 km

— Spatial Resolution Varies: 250 m, 500 m,
1 km

 Temporal Coverage and Resolution:
— 2000-present, 2 times per day

National Aeronautics and Space Administration

Transmitiance

Spectral Bands

36 bands (red, blue, IR, NIR, MIR)
— Bands 1-2: 250 m

— Bands 3-7: 500 m

— Bands 8-16: 1000 m

Anfl ' v
i | I I' i
Ui y | L
n |
| - '
! | I | 'l I
06— |-| | | [ ':l | -
[ | ' (!
| |“ | | | ||
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ooBl 1 W | = T i | ' W VIRsS_
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Image Credit: http:/cimss.ssec.wisc.edu/
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MODIS Data for Water Resources Management

 Freshwater Component: MODIS bands 1-7
— Snow Cover |
— Normalized Difference Vegetation Index 0.8

(NDVI) - used for ET Estimation

e Two snow cover products based on MODIS
Spectral Reflectance
— Standard MODIS Product

* Fractional Snow Cover 0.2

— MODIS Snow Covered Area and Grain l | | l
size (MODSCAG) Product 0.5 1 1.5 2 2.5

e Fractional Snow Cover wavelength, pm
e Grain Size
« Snow Water Equivalence

SNOwW

vegetation

soil

reflectance
o ¢
S
N\
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‘ Where to get MODIS Standard Snow Cover Products?

National Snow and Ice Data Center NASA Reverb ECHO
http://nsidc.org/data/modis/data summaries#snow http://reverb.echo.nasa.gov

Snow Cover
Version &

The following Version & snow cover data sets are currently available at NSIDC. This table will be updated as new data sets
are released. NSIDC will continue to distribute Version 5 until Version 6 reprocessing is complete.

NS o Reverb | ECHO
ni:?::ﬂ m E()SDI delr)ﬁnfl‘”.lf':rjlnn\lumS_rtr'r] = The Next Generation Earth Sclence Discovery Tool

EOSDIS Home | Reverb Home Abox Tutorial Shopping Cart (0) Order Status Service Request Status Signin
MYD10_L2  MODIS/Aqua Snow Cover 5-Min L2 Swath 500m, 500m Sminute  Snow Cover
Version 6 Search Options Step 1: Select Search Criteria
MOD10_L2  MODIS/Terra Snow Cover 5-Min L2 Swath 500m, 500 m 5 minute Snow Cover Spatial ‘Spatial Search @ s 6
Version 6
Search Terms Bounding Box [ le Reset | Clear MYD10C1 Clear
MYD10A1 MODIS/Aqua Snow Cover Daily L3 Global 500m 500m 1 day Albedo, MYD10G1
Grid, Version 6 Snow Cover Try out this query in Earthdata Search okl
Temporal -
MOD10A1 MQODIS/Terra Snow Cover Daily L3 Global 500m 500m 1 day Albedo,
Grid, Version 6 Snow Cover R ot ol ] oo Seach &
MYD10C1 MODIS/Aqua Snow Cover Daily L3 Global 0.05Deg  0.05 Deg 1day Snow Cover 2
. N Campaigns g
CMG, Version &
2
MOD10C1  MODIS/Terra Snow Cover Daily 13 Global 0.05Deg  0.05Deg 1 day Snow Cover Processing Levels G
CMG, Version 6
START
2]

Science Keywords

MYD10A2  MODIS/Aqua Snow Cover 8-Day L3 Global 500m  500m 8 day Snow Extent FFE] WYYY-MM-DD HH:MM:SS | | Clear

Grid, Version 6 Save Query Clear Criteri :
MOD10A2  MODIS/Terra Snow Cover 8-Day L3 Global 500m 500 m 8 day Snow Extent END,

Grid, Version 6 F#) MYYY-MM-DD HH:MM:SS |  Clear
MYD10C2  MODIS/Aqua Snow Cover 8-Day L3 Global 0.05Deg  0.05deg  8day Snow Extent

CMG, Version 6 Availability ]
MOD10C2  MODIS/Terra Snow Cover 8-Day L3 Global 0.05Deg  0.05deg  8day Snow Extent NSIDC Scheduled Maintenance e oSt 2 oy rornn e ———

MG, Versi 130 11:00AM (GMT-6:00) to Leis B £ * all times must be specified in GMT

CMG, Version 6 { ) !

130 Z00EM EMT-5:00) Search by ESRI shape file g Date Range | Annual Repeating Dates

MYDIOCM  MODIS/Aqua Snow Cover Manthly L3 Global 005deg  1month  Snow Cover Mo,

0.05Deg CMG, Version &

e L ——

MOD10CM  MODIS/Terra Snow Cover Monthly L3 Global 0.05 deg 1 month Snow Cover ASTER GDEM V2 Tutorial Found 2 datasets. Total Query Time: 0.09s
0.05Deg CMG, Version 6 2011-10-17 4:00AM (GMT-4:00) to
(End Date Not Provided) —, MODIS/Aqua Snow Cover Daily L3 Global 0.05Deg CMG V005
More Archive Center:NSIDC  Short Name: MYD1GC1  Version: § &

Note: Reprocessing to Version Bis mmple\e for all MODIS snow cover data sets. For more information, see MODIS | V6
Reprocessing Plan.
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‘ Where to get MODSCAG Snow Data?

Available from JPL Snow Data Server: http://snow.|pl.nasa.gov/portal/

JPL HOME EARTH SOLARSYSTEM S
Jet Propulsion Laboratory BRING THE UNIVERSE TO YOU: _JPL Em
California Institute of Technology

Publications

Publications Media

[l This page provides infarmation abaut haw _
a 1o access snow data products and how to Data Access
use them.
Thardk you for your intanest in data dissemination from the JPL Snow Sesver. W have several forms of data
] access, the most raliable of which is WebDAV-based disseminatian, inwhich you download our products in
Welcome to the Snow Data System .

" ; il T gain WebD¥W-based access, please email snowds-dev@pl.nasa.gos with the subject line "[DATA ACCEES

About This Site..... | | REQIEST]" and a brief description of your area of wark and the products you would like io acooss, We wil

Latest Images | process @ new acoount for you in a imely fashion. Thark you!

- Documentation

—_ s v WATE R '.I‘I Please see the MODSCAG and MODDRFS help pages for cetaled informaticn about these products.
For informatian about the praject or comments, please HESOU R CES Snow Mﬂ’ (Expﬂrlmema.l)
RESEARCH | |

‘Welcome fo the JPL Snow Datz System. The Snow Data |

carfact:

Thomas Painter ithomas. painter@jpl.nasa. gov)
comprohansive picture of snow and ice proparties.

n

Cheis Mattmann (chris.a mattmann@nasa gov

iy
N
|
s This experimantal map overays data from muliphe remote sensing and in situ sources to provide a
v
A

Western Energy Balance of Snow (WEBS) Data |

Latest News |
i g % " . ? View Wostarn Energy Balanoe of Snow data platted by station and parameter.
8. Movembar 2012 JPL Sraw Praducts Training far
SEAVIA-HimalayaICIMOD in Kathmandw, Mopal t
rvirglabal.ret Globab/Articles/tabid BB firtichs
mir-himalaya-hasta-trairing-on-asseasing-water
hy-and-floading-pat Y,
p -
X Sr em Portal

24, 5ap4.2012

Mwafanche an Marash, Mepal
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MODIS Normalized Vegetation Index
http://arset.qsfc.nasa.gov/land/webinars/advancedNDVI

* Based on the relationship between red and Spectral Signatures
near-infrared wavelengths — :
— chlorophyll strongly absorbs visible (red) A i

— Deciduous
— plant structure strongly reflects near- Gross
Infrared

o
2

[y
2

&

5]

Near-Infrared - Red

Parcent Refllectance
o4 f.u
=l

« NDVI = 0 |
Near-Infrared + Red "L NG
° - — 0.5 1 .5 2
Values rgnge from-1.0-1.0 WSS RGH i)
— Negative values — 0 mean no green leaves I

— Values close to 1 indicate the highest Red Near-Infrared
possible density of green leaves
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‘ Where to get MODIS NDVI?

Available from the Land Process Distributed Archive Center (LPDAAC):
https://lpdaac.usgs.gov/dataset discovery/modis/modis products table

\

MO0 1341 Terra MODIS Vegetation Indices 500 Composites
MOD13A2 Terra MODIS Vegetation Indices 1000 Composzites
MOD13AS Terra MODIS Vegetation Indices 1000 Monthly
MODA3C1 Terra MODIS Vegetation Indices > Te rra BB00 Composites
MOD13C2 Terra MODIS Vegetation Indices BB00 Monthly
MOD1301 Terra MODIS Vegetation Indices z 250 Composites
MYD13A1 Agua MODIS Vegetation Indices \ 500 Composites
MYD13A2 Agua MODIS Vegetation Indices 1000 Composites
MYD134A3 Agua MODIS Vegetation Indices 1000 Maonithily
MY D13C1 Agua MODIS Vegetation Indices > Aq ua BB0D Composites
MYD13C2 Agua MODIS Vegetation Indices 560D Maonithily
MY D133 Agua MODIS Vegetation Indices 250 Composites

National Aeronautics and Space Administration
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Soll Moisture Active Passive (SMAP)
http://smap.|pl.nasa.gov

e Polar Orbit
— Altitude: 685 km

Spatial Coverage:
— Global

Launched Jan 31, 2015

Temporal Coverage:
— April 2015 — present

Sensors:
— Microwave Radiometer
— Microwave Radar (not currently available)

National Aeronautics and Space Administration
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SMAP Microwave Radiometer & Radar

http://smap.|pl.nasa.qgov/observatory/instrument/

 Radiometer: * Measures the moisture in the top 5 cm of soill
— Swath: 1,000 km
— Frequency: 1.41 GHz
— Polarization: H, V, 3 & 4 Stokes
— Resolution: 40 km

* Radar: designed to work as Synthetic
Aperture Radar (SAR)

_ Frozen
— Frquengy. 1.26 GHz Landscape
— Polarization: VV, HH, HV
— Resolution: 3 km
— Stopped operating after Jul 7, 2015 -

e Temporal Resolution:
— Every 3 days
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SMAP Data for Water Resources Applications

SMAP Soil Moisture (L2 SM P} on October 5, 2015

* Freshwater Component:
— Surface Soil Moisture
— Freeze/Thaw State
— Root Zone Soil Moisture

« SMAP Data Used: Radiometer Brightness
Temperatures

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 045 0.50 0.55 060 065

Surface soil moisture from SMAP showing Carolina floods in

October 2015. credit: http://smap.jpl.nasa.gov/news/1253/devastating-carolina-floods-

viewed-by-nasas-smap/
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Where to get SMAP Data?

Available from the National Snow & Ice Data Center:
http://nsidc.org/data/search/#keywords=soil+moisture/

Showing 1-25 of 236 Data Sets Sort by: | Relevanca (highest 1o lowest) * | Par page:| 25~
Parameter
Filter Pararmeters SMAP L3 Radar Global Daily 3 km EASE-Grid Soil Moisture Data
[ Active Layer (20 Tempaoral Coverage 2015-04-13 to 2015-07-07
O Aerosols 2 Paramater Sigma Mought | Soil Moisture @
] Air Temperature {40) Data Format HDFS
O Albado (4) Summary This Laval-3 (L3} soil moisture product provides a composite of daily estimates of global land
- = - surface condifions retrieved by the Soil Moisture Active Passive {SMAP) radar ...More Detail
\1 [ ] [ Alttuda (2)
% 5 p e ' [ Antenna Tempar... (1}
e AT 5 adar Half- i m =Grid Soil Moisture Get Data =
Soil Moisture Active Passive Data ) { il Abeamnent e 4 SMAP L2 Radar Half-Orbit 3 km EASE-Grid Soil Moist
NASA SMAP data at the NSIDC DAAC. Read n'i‘pre iy | [ Atmospheric Pre... (18) Temporal Coverage 2015-04-13 to 2015-07-07
- \ I b O Atmospheric Pro... (28) Parameter Sigma Nought | Soil Moisture
i Data Format HDF5
v Iy
AL Summary This Laval-2 (L2} soil moisture product provides estimates of global land surface conditions
Spatial Coverage ratrieved by the Soil Moisture Active Passive {SMAP) active radar during 8:00 = - ._More Detail
[ Show Global Only (23]
SMAP L3 Radiometer Global Daily 36 km EASE-Grid Soil Moisture Data
Temperal Duration Temporal Coverage 2015-03-31 to continuous
O <1 year 164) Parameter Brightness Temperature | Soil Moisture @
0 1+ years (68) Data Format HDFS
[ 5+ years (32) Summary This Laval-3 [L3) soil moisture product provides a composite of daily estimates of global land
— surface conditions retrieved by the Soil Moistura Active Passive {SMAP) passive  ._.More Detail
[ 10+ years (22)
[ Not specified @)
SMAF L2 Radiometer Half-Orbit 36 km EASE-Grid Soil Moisture Data
Data for Research S Temporal Coverage 2015-03-31 to continuous
128 Parameter Brightness Temperature | Soil Moisture e’
[ ASCI Text (128) Data Format HDF5
=t i 25
-)x(— Y ‘ [ Binary 25) Summary This Laval-2 {L2) soil moisture product provides estimates of global land surface conditions
;\' | Documents (13) ratrieved by the Soil Moisture Active Passive {SMAP) passive microwave radio! ...More Detail
. . ” [ ESRI Shapsfila 3)
Glaciers Ice Sheets Ice Shelves Permafrost Sea lce Soil Moisture Search for more Sl e "

| corrae -

Level-2 to Level-4 data
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GRACE Satellite

http://www.|pl.nasa.gov/missions/details.php?1d=5882

Polar, sun-synchronous orbit

Twin satellite system

Spatial Coverage and Resolution:
— Global
— Resolution: 300-400 km

Temporal Coverage and Resolution:
— Mar 17, 2002 — present
— 250 gravity profiles per day

National Aeronautics and Space Administration
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GRACE Sensors
http://earthobservatory.nasa.qov/Features/ GRACE/

KBR (K-band Ranging

MTA (Center of Mass Trim System)

Assembly) Measurements of the
Measures the offset \ / distance change between
between the satellite’s the two satellites needed
center of mass and the to measure fluctuations in
“acceleration-proof” mass gravity

and adjusts center of mass

as needed during the flight USO (Ultra Stable

Oscillator)

~~—— Provides frequency
generation for the K-band
ranging system

E o

GPS (Black-Jack GPS ..

Receiver and Instrument e \

Processing Unit) /
SCA (Star Camera Assembly)

ACC (SuperSTAR Accelorometers)

M . ot | Determines the two satellites’
Ref : easures the non-gravitationa . . .
htfpizzgftfwobservatorv.nasa.qov/Features/ g Orlentatlon by traCklng them

& e accelerations acting on the satellite relative to the position of the stars
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GRACE Data for Water Resources Applications
Water Component: Ground Water

Ground water is derived from GRACE Terrestrial Water Storage
P-ET-Q=ATWS
ATWS = AGW + ASM + ASWE + ASW

AGW = ATWS — ASM - ASWE — ASW

P = precipitation; ET = evapotranspiration; Q = river
discharge

ATWS = change in terrestrial water storage [from GRACE]
AGW = change in groundwater storage [unknown]

ASM = change in soil moisture
ASWE = change in snow water equivalent groundwater
ASW = change in surface water storage

[AGW, ASM, ASW from Global Land Data Assimilation
System (GLDAS) models]

Acknowledgement: John Bolton (NASA-GSFC), Brian Thomas (NASA-JPL)
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Where to get GRACE Data?

e Level-0to Level-2  GRACE Interactive Data Analysis and

— ftp://podaac.|pl.nasa.gov/allData/grace/ Download Portal:
— http://www.csr.utexas.edu/grace/ — http://geoid.colorado.edu/grace/

- Nitpisdc diz-potsdam.oe

e Level 3
— http://grace.ijpl.nasa.gov/data/

— ICGEM - http://icgem.qgfz-
potsdam.de/ICGEM/ICGEM.html

— http://geoid.colorado.edu/grace/
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Jason 1, 2, and 3

http://sealevel.ipl.nasa.gov/missions/

Non-polar orbit

Spatial Coverage:

— Covers 95% of world’s oceans

— 66°S-66°N

Temporal Coverage:

— Revisit Time: 10 hrs

— Jason-1 December 2001 to July 2013
— Jason-2 6/2008-present

— Jason-3 1/2016-present

Sensors:
— Poseidon Altimeter

— Advanced Microwave Radiometer (AMR)
and DORIS

National Aeronautics and Space Administration

)
=\

OSTM/Jason 2
2008

TOPEX/Poseidon
N\ 1992-2006

7 FEEs
I i 2
.
- R
" R Y
/ .

NASA, NOAA, CNES, and EUMETSAT Joint Missions
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Poseidon Altimeter

Estimates the height of the ocean surface
with respect to a reference sea level

- GPS
satellite

Jason-2

A Radar with transmission frequencies of 5.3
GHz (C-band), 13.575 GHz (Ku-band)

Spatial resolution: 11.2 km x5.1 km

I

N = 4—— Altimeter
"I.lr :I
[ M i

Microwave radiometer
measuring water vapour

Also used for determining selected in-land
reservoir height (research to application
product)

Ocean surface
topography

Sea surface
height

EThe COMET Program

Reference: https://www.eumetsat.int/jason/print.htm Image Credit: https://www.eumetsat.int/jason/print.htm
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Jason 2 & 3 Data for Water Resources Applications
Inland Lake 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
o Sampling ~380 water o 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

National Aeronautics and Space Administration Applied Remote Sensing Training Program



Where to get Jason Data and Lake Level Heights?

USDA Crop Explorer

U.S. Department of Agriculture
Foreign Agricultural Services

http://www.pecad.fas.usda.qgov/cropexplorer/
global reservoir/

National Aeronautics and Space Administration

Usm Urined Ssaces Daparsman of Agrcukure
S Foreign Agricultural Service

Latest Product News

October Bth 2015 - Upgrades and New Products

® The surface water level variation products have recently been upgraded (from TPIOL1.1 to TRIO.1.3 and TPID.2 to TPIOL2.3). They
hawve been re-caloulated besed on updated aftmetric perameters and & revised reference daturn, End users are advised not to mix the
aldfnew product vers

= The upgraded praduct:
satullite

= now include carrection factors in the asdi text file heaadar which will enable end users to transists the

aged time series irto various arkhormetric frames (approximating maan sea lavel]. A the lake product lewel thers s also tha
option (left-hand panel] to wiew the refersnce and geoid beight profiles which wers used to determine these cormection facters. Details
can be found in the G link.

» Addtional lake preducts displaying wariztions frarm 2008 to the sresent day at 10-day resaluton ace alse raw avallable. .

NOTE 11!

» End usars must consider the location of the satallite grawnd track AND the section of track used to create the produects. This is

particulary imaortant far complex and drought-orone lekes and reservoirs, where beight varability may be location depencert. See
the procuct heacers.

o End wsers must alsa nobe that the graphs/praducts assocated with the flbered Srme series are provided as a visualization aid only.

10-day Mear Real Time products with datum based on a single satellite overpass (1 day)

Icnland

wnbm Reservoir and Lake Monitor: 10-day resalution
Map Saseliite

: DLty o
oo N e, e

L) Sk Arsbia India

P b ¥ o
2 Lo oo, Indonens Hlm‘I
1t
Farg Argela
T Memitas d
+ £ Madage Indian
i ! South L e e Dcean Ausstiaka
. T * ? Atlantic ;
i / Ocean Ezuth Ahica
Google - —

Termes of Use
10-day Status products with datum based on a 9 year (1993-2001) mean
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Earth System Models Provide Value-Added Information
Remote Sensing + Surface Observations + Numerical Models

Satellite Data /-\ Surface Measurements
and In-Situ Data

Numerical Models

National Aeronautics and Space Administration Applied Remote Sensing Training Program
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NASA Models Useful for Water Resources Management
Atmosphere-Ocean-Land Models

« GEOS-5:
— The Goddard Earth Observing System Version 5

« MERRA:
— Modern Era Retrospective-Analysis for Research and Application

« GLDAS and NLDAS:
— Global Land Data Assimilation System
— North American Land Data Assimilation System

National Aeronautics and Space Administration Applied Remote Sensing Training Program
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MERRA
https://gmao.gsfc.nasa.qov/reanalysis/MERRA/

* Blends the vast quantities of observational : :
data with output data of the Goddard Earth The Changing Observing System

0 07-Jan-1973 12UTC All data: 77098 cbservations 02-Aug-1987 12UTC All data: 550602 observations

O b S e rVI n g SySte I I I (G E O S) I I I O d e | (1 9 7 9 i Falniaustrib2lt i FaBh b et Ve _0nss00_swp_73ane.obs. 19730107_12z 01l Flefaast i Spb el 20500 _u10p3_9d ana ces 19870802_12200
Obsarvation L

present) A ’ ' :

* Provides state-of-the-art global analyses on
weather to climate time scales

* Focuses on improvement in hydrological Jgi-iikOpeevenyths =550 0bs everybire”
CyC|e fbmas»m A ol e o0 o o i o RN

« MERRA-Land Model: offline land surface
model forced with MERRA precipitation
merged with gauge-based data from the

: ot o o L) i

NOAA Climate Prediction Center 1979 - 325K Obs everyBhrs 2006 4.2M Obs every 6hrs

Coverage of satellite data assimilated in MERRA
Reference: Bosilovich, M., 2009. https://gmao.gsfc.nasa.gov/pubs/docs/MERRA Purdue Sep09.pdf
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MERRA Data for Water Resources Applications
https://gmao.gsfc.nasa.gov/reanalysis/IMERRA/

e Qutput: Snowfall Over the Northeastern U.S. During
— Rain January 2015
— Snow

Time Averaged Map of Snowfall monthly 0.5 x 0.667 deg. [MERRA Model MATMNXINT v5.2.0] kg/m2/s
over 2015-Jan, Region 85.7812W, 33.1055N, 57.3047W, 54.1992N

— Weather and Climate Parameters
« temperature, humidity, winds, clouds,
surface radiation
« MERRA Online Atlas:

— updated regularly with monthly
comparisons versus existing reanalyses
and some global observed data sets

https://gmao.gsfc.nasa.qgov/ref/merra/atlas/

Reference: Bosilovich, M., 2009. https://gmao.gsfc.nasa.qov/pubs/docs/MERRA Purdue Sep09.pdf
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Global & North American Land Data Assimilation Systems
http://ldas.gsfc.nasa.qgov/

 Integrates ground and satellite observations within numerical models to produce consistent,
high resolution fields of land surface states and fluxes

e Uses data from MODIS, TRMM, GOES
 GLDAS and a version of NLDAS use the Land Information System (LIS) with different sources
of Inputs:
— Meteorological Analysis
— Surface Solar Radiation
— Precipitation
— Soll Texture
— Vegetation Classification and Leaf Area Index
— Topography
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Global Land Data Assimilation Systems
http://ldas.gsfc.nasa.qov/qgldas/

Four land surface model versions: Noah, CLM2, Mosaic, and VIC

Inputs Integrated Outputs Include:
e Rainfall: TRMM and multi-satellite based e Soil Moisture
data

« Evapotranspiration
» Meteorological Data: global reanalysis and
observations-based data from Princeton

University

« Surface/Sub-Surface Runoff
e Snow Water Equivalent
* Vegetation Mask, Land/Water Mask, Leaf

Area Index: MODIS (GLDAS-2)

* Clouds and Snow (for surface radiation):
NOAA and DMSP Satellites

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.
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North American Land Data Assimilation System-2 (NLDAS-2)

http://ldas.qgsfc.nasa.gov/nldas/

Four land surface model versions: Noah, CLM2, Mosaic, and VIC

)
Inputs @ Lis-based NLDAS System Design 2

* Precipitation: NOAA-CPC rain gauges LIS-based next phase of NLDAS
» Meteorological Data, Surface Radiation Data: Wgw*w No33. Clowrzs.
North American Regional Analysis Ponsy . |IPAN ("'i‘.‘i&iﬁaﬁ‘ﬂ?") T
Forcings and [ et g
Integrated Outputs Include: Parameters | Il
e Soil Moisture N s o
Satellite EDRs*
« Evapotranspiration SM, SCA, SWE,
TWS, LST, and Il -
 Surface/Sub-Surface Runoff )
. * Satellite-based Envi tal Data R ds (EDRs): sail isture (SM), w-
° SnOW Water EqU|Va|ent cov:r:d aereaas(i;CA),n snrg:vmv::t:r eqauizi.raIt—t:lr::’:J r(Si:"\a’E), tesrre:toriaImv:aier":torage (mS),

land surface temperature (LST), and irrigation intensity (I1)

Courtesy: David Mocko (NASA-GSFC), http://ldas.gsfc.nasa.gov/nldas/presentations/NLDAS-LIS-status-future 2015-03-11.pdf
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kg/m~2

‘ GLDAS and NLDAS for Water Resources Applications

Time Averaged Map of Rainfall (unfrozen precipitation) hourly 0.125 deg. [NLDAS Model NLDAS_NOAHO0125_H v002] kg/m*2
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Where to get MERRA and LDAS Data?

Mirador

http://mirador.gsfc.nasa.gov/
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Select Plot

@ Maps: Time Averaged Map 7
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Select Variables

Aerosols (177)
Amaspneric Chemistry (47)
Atmaspheric Dynamics (311)
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Hydrology (740)

Ocean Biology (44)
Qceanography (48)

Water and Energy Cycle {773)

Aerosol Index (3)
Axerosal Optical Depth (32)
Air Pressure (38)

Air Temaerature (56}
Albeds (15)
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Show Map
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Advantages of NASA Water Resources Data

 Remote sensing-based data provide near-global - 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 resources data
parameters

» 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 for data

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

Bottom: Annual Precipitation (2015) from NASA GPM
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Limitations of NASA Water Resources 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: training is required to learn
how to access them

« Often additional processing may be needed for specific applications

* While the data are generally validated with selected surface measurements, regional and local
assessment is recommended
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‘ Water Resources Data From NASA Satellites and Models

Freshwater

Satellite/Sensor

\Y[eYe[=]

Component

Rain Amount

GPM /(GMI, DPR) &
TRMM /(TMI, PR) —
IMERG and TMPA
Multi-satellite data

GLDAS & NLDAS
forcing data from
NOAA Climate
Prediction Center
MERRA

Data Access

https://pmm.nasa.qov/
http://mirador.qgsfc.nasa.qgov/
http://giovanni.qgsfc.nasa.gov/qg

lovanni/

Snow Cover

Terra & AqQua/MODS

http://nsidc.org/data/modis/dat
a summaries#snow
http://reverb.echo.nasa.qov/re
verb/
http://snow.|pl.nasa.qov/portal/
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http://giovanni.gsfc.nasa.gov/giovanni/
http://giovanni.gsfc.nasa.gov/giovanni/
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Water Resources Data From NASA Satellites and Models

Freshwater

Satellite/Sensor

Data Access

Component

Soil Moisture

SMAP/(Microwave
Radiometer)

GLDAS &
NLDAS

http://nsidc.org/data/search/#keywords

=soil+moisture/

http://mirador.qgsfc.nasa.gov/
http://giovanni.gsfc.nasa.gov/giovanni/

Land Cover
And
NDVI

(For ET
Estimation)

Landsat/OLI

Terra & AqQua/MODS

http://earthexplorer.usgs.gov
http://glovis.usgs.gov/
http://landsatlook.usqgs.gov/
viewer.html

https://Ipdaac.usgs.gov/dataset discov

ery/modis/modis products table
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Water Resources Data From NASA Satellites and Models

Freshwater

Satellite/Sensor

Data Access

Component

Runoff ) GLDAS & http://mirador.gsfc.nasa.qov/
NLDAS http://giovanni.gsfc.nasa.gov/giovanni/
http://grace.jpl.nasa.qov/data/
S W GRACE/K-band GLDAS & http://geoid.colorado.edu/grace/
Ranging System NLDAS

http://mirador.qgsfc.nasa.gov/
http://giovanni.gsfc.nasa.gov/giovanni/

Reservoir

Height Jason/Altimeter

http://www.pecad.fas.usda.qgov/cropexplorer/

aglobal reservoir
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ARSET ListServ

https://lists.nasa.gov/mailman/listinfo/arset
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