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Training Outline

February 9, 2021 February 16, 2021 February 23, 2021
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Remote Sensing Observations for Water Level Height Data for Water Level Height and
Monitoring Water Extent, Water Lakes and Reservoirs Using Bathymetry Data for Lakes and
Level Height, and Bathymetry in Radar Altimetry Reservoirs Using Laser Altimetry
Lakes and Reservoirs
https://global-surface-water.appspot.com/#data hitps://ipad.fas.usda.gov/cropexplorer/global_reservoir/ hitps://nsidc.org/data/atll 3
. ar_regional_chart.aspxgregionid=us&reservoir name=FrD

Roosevelt
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https://global-surface-water.appspot.com/
https://ipad.fas.usda.gov/cropexplorer/global_reservoir/gr_regional_chart.aspx?regionid=us&reservoir_name=FD_Roosevelt
https://nsidc.org/data/atl13

Training Format

« Three, 1.5-hour sessions including

presentations and question and
ANSWer sessions

 The same content will be presented at
two different fimes each day:

— Session A: 10:00-11:30 EST (UTC-5)
— Session B: 16:00-17:30 EST (UTC-5)

NASA'’s Applied Remote Sensing Training Program

Training materials and recording will
be available from:

https://appliedsciences.nasa.gov/join-
mission/training/english/mapping-and-
monitoring-lakes-and-reservoirs-satellite-
observations

Mapping and Monitoring Lakes and
Reservoirs with Satellite Observations



https://appliedsciences.nasa.gov/join-mission/training/english/mapping-and-monitoring-lakes-and-reservoirs-satellite-observations

Homework and Certificate

« One homework assignment:
— Answers must be submitted via Google Form
— Due date: March 23, 2021

« A certificate of completion will be awarded to those who:
— Attend all live webinars

— Complete the homework assignment by the deadline (access from website)

— You will receive a certificate approximately two months after the completion
of the course from: marines.martins@ssaihg.com
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https://appliedsciences.nasa.gov/join-mission/training/english/mapping-and-monitoring-lakes-and-reservoirs-satellite-observations
mailto:marines.martins@ssaihq.com

Session-2 Outline

« Satellites with Radar Altimeters for Monitoring Lakes and Reservoirs
- Lake-Level Height Data Derived From the Radar Altimeters

« Examples of Lake Level Height Applications

« Demonstration: Lake Level Height Data Access

NASA's Applied Remote Sensing Training Program 5



Satellites with Radar Altimeters




What is an Altimeter?

« Alfimetry is a fechnique for measuring
height. A radar used for this altimetry is
called an altimeter.

« The time taken by a radar pulse to
travel from the satellite antenna to the
surface and back (radar echo),
combined with precise satellite location
datq, is measured in altimetry.

« Satellite radar altimeters are used to get
sea-surface heights, wind speed, and
currents.

| |
NASA's Applied Remote Sensing Training Program 7 \Qakes


https://sealevel.jpl.nasa.gov/missions/technology/

Historical and Current Satellites with Altimeters

Altimetric Data Information: Missions

https://podaac.jpl.nasa.gov/Altimetric Data Information/Missions

h NASA's Applied Remote Sensing Training Program



https://podaac.jpl.nasa.gov/Altimetric_Data_Information/Missions

Jason-2 and Jason-3 Insirumentis
hittps://www.jpl.nasa.gov/missions/jason-2 & hitps://eospso.nasa.gov/missions/jason-3

 The Ocean Surface Topography Mission
(OSTM)/Jason-2 and Jason-3 extend
measurements from Jason-1.

e A collaboration between NASA, NOAA,
CNES, and EUMETSAT.

e Launch Dates:
Jason-2 : June 20, 2008
Jason-3: January 17, 2016

Jason-2 orbits every 10 days.

oons
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e Circular, non-sun synchronous orbit

o
§2

 Global coverage between 66°S to 66°N

* Revisit Time: 9.9 days

http://www.altimetry.info/missions/current-missions/jason-2/jason-2-orbit
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https://www.jpl.nasa.gov/missions/jason-2
https://eospso.nasa.gov/missions/jason-3
http://www.altimetry.info/missions/current-missions/jason-2/jason-2-orbit

Jason-2 and Jason-3 Insirumentis
https://www.jpl.nasa.gov/missions/jason-2 & https://eospso.nasa.gov/missions/jason-3

 Poseidon-3 (Jason-2) and Poseidon
3B (Jason-3) radar altimeters

« Advanced Microwave Radiometer

* Doppler Orbitography and Radio-
positioning Integrated by Satellite
(Doris)

Laser Retroreflector Array
Global Positioning System Payload

AMR
antenna &
" electronics

DORIS



https://www.jpl.nasa.gov/missions/jason-2
https://eospso.nasa.gov/missions/jason-3
https://www.nesdis.noaa.gov/jason-3/mission.html

Poseidon-3 and Poseidon-3B Altimeters
http://www.altimetry.info/missions/current-missions/jason-2/jason-2-instruments/poseidon-3/ L

« QOperates at two frequencies: « Poseidon-3 requires a
13.6 GHz in the K, band ground telecommand to
, switch from one mode o
5.3 GHz in the C band the other.

* Measures range: the distance from the
satellite to the Earth’s surface from the board automatic

radar echo. tfransitions between
« Data processing is a major part of altimetry. modes.

« Tutorials about altimetry are available from:

« Poseidon-3B allows on-

http://www.altimetry.info/radar
altimetry-tutorial/training-material/

h NASA's Applied Remote Sensing Training Program



http://www.altimetry.info/missions/current-missions/jason-2/jason-2-instruments/poseidon-3/
http://www.altimetry.info/radar-altimetry-tutorial/training-material/
http://www.altimetry.info/radar-altimetry-tutorial/training-material/

Additional Resources
There are many online radar altfimetry tutorials:

L.

https://www.aviso.altimetry.fr/en/multimedia/education/altimetry-courses.himl

https://podaac.jpl.nasa.gov/Altimetric Data Information

http://www.altimetry.info/glossary /jpl/

u NASA's Applied Remote Sensing Training Program Courtesy: Dr. Charon M. Birkett, NASA-GSFC 12 ’


https://www.aviso.altimetry.fr/en/multimedia/education/altimetry-courses.html
https://podaac.jpl.nasa.gov/Altimetric_Data_Information
http://www.altimetry.info/glossary_/jpl/

Jason Continuity of Service (CS) Mission on Sentinel-6
https://sealevel.jpl.nasa.gov/missions/jason-cs-sentinel-6/summary

sea level anomaly (cm)

« |Infernational partnership between
NASA, NOAA, ESA, EUMETSAT, and
Copernicus.

* |ncludes two identical satellites
designed to continue sea surface height
measurements with radar altimeters.

« The first Sentinel-6 (Michael Freilich)
Mission launched on November 21,

2020. 0° 10°E = 20° 30°E l»O‘;E SDE 60°E
« The second satellite will be launched in B (ccemics @eumersar @ @ Eesa
2025 . hitps://www.nasa.gov/press-release/nasa-us-european-partner-

satellite-returns-first-sea-level-measurements
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https://sealevel.jpl.nasa.gov/missions/jason-cs-sentinel-6/summary
https://www.nasa.gov/press-release/nasa-us-european-partner-satellite-returns-first-sea-level-measurements

Future Mission: Surface Water and Ocean Topography (SWOT) Mission

https://swot.ipl.nasa.gov/mission/overview/

« Jointly developed by NASA, CNES,
Canadian, and UK space agencies.

« Targeted to be launched in February
2022.

« Designed to make a survey of Earth's
surface water to obtain detailed
measurements on how water bodies on
Earth change over time.

[
1

[ITHE

* Will cover 90% of global lakes, rivers,
reservoirs, and oceans at least twice
every 21 days.

Swot orbit in full 21 days (top),
and in 3 days (bottom)

https://www.aviso.altimetry.fr/en/missions/future-missions/swot/orbit.ntml
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https://swot.jpl.nasa.gov/mission/overview/
https://www.aviso.altimetry.fr/en/missions/future-missions/swot/orbit.html

SWOT Instruments

L.

https://www.aviso.altimetry.fr/en/missions/future-missions/swot/instruments.ntml N

« Wide Swath Altimeter in Ka Band .
« Poseidon 3C :

« Advance Microwave Radiometer

« DORIS

« GPSP

« LRA .

h NASA's Applied Remote Sensing Training Program

Poseidon-3C is a radar derived
from the Jason-3 Poseidon-3B
altimeter operating at the
same two frequencies (13.6
and 5.3 GHz).

Will allow better retrievals of
inland water measurements.



https://www.aviso.altimetry.fr/en/missions/future-missions/swot/instruments.html

SWOT Data Products

https://www.aviso.altimetry.fr/en/missions/future-missions/swot/data-products.ntml

* River Products:
— Height
— Width
— Discharge

NASA's Applied Remote Sensing Training Program


https://www.aviso.altimetry.fr/en/missions/future-missions/swot/data-products.html

SWOT Data Products

https://www.aviso.altimetry.fr/en/missions/future-missions/swot/data-products.ntml

« Lake Products:
— Height
— Aread

— Changes in
Volume

NASA's Applied Remote Sensing Training Program


https://www.aviso.altimetry.fr/en/missions/future-missions/swot/data-products.html
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Altimeter-based Lake Level Height Data

° G | O b a | R eservo i rs an d LO kes USDA United States Department of Agriculture IPAD :‘:"ﬁ?ﬁﬁ‘

sl Foreign Agricultural Service ivision

Monitoring (G-REALM) --
e hitps://ipad.fas.usda.gov RS =w .

/cropexplorer/global res

FAS Home / IPAD Home / Crop Explorer

e rv O I r/ Global Reservoirs and Lakes Monitor (G-REALM)

Partner Site Near Real Time products with datum based on a single satellite overpass (1 day)
Global Water Monitor A ' . '

G-REALM Inf tio L) @ .
- nformation EURO J L
Lake/Reservoir Product Table g e o o ° \. ‘e ° e®
(csv) 3 t z.. ® X3

Lake/Reservoir Status Product ) North Y
Table (.csv) L ] q

Recent Updates Y
Background

Semi-Automated Data \
Processing | Badajos

Satellite Radar Altimetry | |

Advantages and Limitations f W c

Narth

L] ®
. / * Pacific
~sirs’ Ocean
. 8 §
' e o

Datasets SOUTH
Products S/ MI@ICcA “ Y
FAQ - Product Choice, °
Accuracy, and Datums / a ° tndian AUSTRALIA
References /e 9eeen
{ ® South
Contacts Atlontic
Funding Acknowledgement L] Ocean
Disclaimer ®
Product History

Missions
Topex/Poseidon
Jason-1 Southern

Jason-2/0STM Ocean
Jason-3 Esri, USGS | Esni, FAO, NOAA Powered by Esri
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https://ipad.fas.usda.gov/cropexplorer/global_reservoir/

Radar Altimeiry - Microwave Reflection Echoes

s

/ . .
| % - The altimetry instruments do not
—gw record an image but collect
| ) qmncesobmad radar echoes along the ground
“ “echoes or “wave-
w lod forms. " Each wave- track.
— formisa
.=J;; representation of « Altimeftric “Range’” is derived
et power (eturnefi as
fyg)  Ofintonoltine from these waveforms
A ;)verlakes wgve;—ly- ’
g are typica . .
g ] owmimenen + With knowledge of the satellite
) peedoresnnar orbit location and certain
['—‘m: *l it oy atmospheric and fidal
= condions. corrections, the range can be
‘ converted to a surface elevation
\ 3 .
—dy ] — usually given with respect to a
B reference ellipsoid datum.

‘Narrow-peaked Broad-peaked Ocean-like
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Radar Altimetry - Along and Across Track Spatial Resolution

117951}

BYa 364
EROST2 D02 ¥

, P ROBTAL iy TP
ORORLR T anp¥iv9 2Rt :
Imagelfandsay

[Jimagery/Date JAprH 052013 1ati2219189 315 lon) elevi224im!

NASA's Applied Remote Sensing Training Program

« Along the ground tracks
the spatial resolution of the
height data is a few
hundred meters. The
density of ground tracks
will depend on the
temporal repeatability of
the mission.

« For example, there are

many more 35-day ground
tracks (white) over Lake
Nasser than offered by the
10-day altimeter suite
(red).

Courtesy: Dr. Charon M. Birkett, NASA-GSFC




Altimeter-Based Lake Level Height Estimation

« Derived from the difference between satellit
orbit height and altimeter range (Birkeftt,
1995) with appropriate corrections for Earth’
tides.

« Average height over a pixel is derived.

« Sensitive to satellite orbit accuracy, radar
range accuracy, and lake surface conditior
(e.g., calm and smooth, rough due to winds

icy).
« Altimeters on Jason-2 (and following mission:
show improved accuracy compared to

Jason-1 and TOPEX/Poseidon (Birkett and
Beckley, 2010).

Figure 7. Satellite imagery depicting Jason-2/OSTM ground track locations (in red) across (a) Lake
Diefenbaker, (b) the Powell reservoir region, (¢c) Lake Windsor, and (d) Great Salt Lake. Images are

courtesy of the 2009 Google Earth software and Maps service.
NASA's Applied Remote Sensing Training Program 22



https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/95JC02125
https://doi.org/10.1080/01490419.2010.488983
https://doi.org/10.1080/01490419.2010.488983

Validation of Altimeter-Based Height Variations

Usually done via comparison with in situ gauge data. Accuracies can be

several centimeters to tens of centimeters.

76.0 T T T T T T T T T T T T T T T T T T
| Comparison of gauge data and altimetric results. Case N
— study: Lake Ontario, Rochester gauge, Jason-2/OSTM £ f;}'get o
£ TR __altimeter mission data for 2008-2009. Gauge/track eI er__
E "L separation distance 20km, accuracy 2.95cm rms. =
L = -
o
o i .{’~+"+4"t' 1 ﬁ M .‘M ad n
< 150 *._L _{..y ,b‘"-.,, =
G - 4 *’-% » ' i
- — ”y ' .%‘ "Y“ -
> —~ },-&, ST ba -
:6 - w '1\51’ ]5 o é@% s 4 !f, : 98 ! -
T 74.5— 2 ~L4~M L -
74.0 i 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 |
J J A S o N D J FM A M J J - 5 Q N D
2008 2009
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How many lakes and reservoirs?

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.

The NASA/CNES Series The ESA/ISRO/CNES Series

NASA’s Applied Remote Sensing Training Program Courtesy: Dr. Charon M. Birkett, NASA-GSFC 24 .



-
Continental Water Monitoring - Web-Based Sources ﬂ

Several web sites, sponsored by various agencies, offer water-level products derived
from the satellite radar altimeters:

« https://ipad.fas.usda.gov/cropexplorer/global reservoir/ <

« http://hydroweb.theia-land.fr/¢lang=ené&

« https://dahiti.dgfi.tum.de/en/

h NASA's Applied Remote Sensing Training Program Courtesy: Dr. Charon M. Birkett, NASA-GSFC 25 ‘


https://ipad.fas.usda.gov/cropexplorer/global_reservoir/
http://hydroweb.theia-land.fr/?lang=en&
https://dahiti.dgfi.tum.de/en/

Radar Altimetry: Advantages

https://ipad.fas.usda.gov/cropexplorer/alobal reservoir/#limitations

The conftribution of new height information where traditional gauge (stage) data
is absent

Day/night and all-weather operation
Generally unhindered by vegetation or canopy cover
Surface heights are determined with respect to one common reference frame.

Repeat orbits (to £1km) enable systematic monitoring of rivers, lakes, wetlands,
inland seas, and floodplains.

Surface water heights are potentially obtainable for any target beneath the
satellite overpass.

The ability fo monitor seasonal to inter-annual variations during the lifetime of the
MIsSionNs.

Validated technigues.

NASA's Applied Remote Sensing Training Program Courtesy: Dr. Charon M. Birkett, NASA-GSFC


https://ipad.fas.usda.gov/cropexplorer/global_reservoir/

Radar Altimetry: Limitations
https://ipad.fas.usda.gov/cropexplorer/alobal reservoir/#limitations

The satellite orbit scenario determines the spatial and temporal coverage.
Data can only be retfrieved along a narrow nadir swath.
Highly undulating or complex topography may cause data loss.

Height accuracy (4-20 cm root mean square [RMS] in large open lakes) is
dominated by the size and surface roughness of the target.

Major wind events, heavy precipitation, tidal effects, ice formation, will affect
data quality and accuracy.

Minimum target size (50-100 km?) is also dependent on many factors and the
retrieved heights are an "average" of all topography within the instrument
footprint.

An "average" height instead of a "spot” height at a specific location.

NASA's Applied Remote Sensing Training Program Courtesy: Dr. Charon M. Birkett, NASA-GSFC



https://ipad.fas.usda.gov/cropexplorer/global_reservoir/

Examples of Lake Level Height Applications




Monitor Water Level in Remote and Arid Regions

G-REALM: Sustained Water Level Monitoring of Lake and Reservoirs

Application example K23 i

Commodity Intelligance Repor

G-REALM provides water level data in remote arid and semi-
arid regions where water resources vulnerability or poor
infrastructure affects regional security. Temporal resolutions 10-
35days across the 1992-2018 time span.

Example: Lake Dahuk (Mosul Dam, Iraq).

The largest dam in Iraq, the waters are a source for hydroelectric
power and spring and summer crop irrigation. Recharge depends
on snow melt in North-East Turkey.

The most dangerous reservoir in the world due to poor
construction and downstream flood potential. The water level has
been recently lowered to reduce pressure on the dam.

\ f \ A
USDA/FAS regional analysts look to G-REALM products to help & ° ‘;",' A K1Y Fl & M A
assess summer crop statistics. I i et

S \ 1 | [ | A X Y LE R

— ... i, Y 2 Y —

https://pecad.fas.usda.gov/highlights/2017/02/iraq/index.htm i v Al v V

-0 v\;

\‘\
e M L b et | Gy o0 — 5

https://appliedsciences.nasa.gov/sites/default/files/2012-09/mission.pdf
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https://appliedsciences.nasa.gov/sites/default/files/2019-09/mission.pdf

Lake/Reservoir Water Level Monitoring Applications to Assist

Agriculture-Based Decisions

USDA United States Department of Agriculture
Z Foreign Agricultural Service

Global Food Supply Monitorin

Switch to CE Google Maps
Explore by Region

North America Former Soviet

United States Site Index Union
Canada = s Kazakstan
G S -, Russia, Azerbaijan,
Central ‘S’ Q’r ‘d{“y v Armenia and Georgia
America M ST Ukraine, Moldova,
Mexico -

Central America
and Caribbean

¥ pooy . and Belarus
([ [Nl [Ggey T | .

North Africa
South America Southern Africa
Brazil East Africa
Northern South West Africa
America
Southern South Asia
America Eastern China
South Asia
Europe Middle East Oceania Southeast Asia
Europe Iran, Iraq, Syria and Turkey Australia Central Asia
Korea

Africa | Asia | Europe | Middle East | North America | South America | World

Explore by Crop

Select a Commodity 4] [Submi(J

Commodity Intelligence Articles and Reports

Pakistan: Rice and Cotton Production Regions Damaged by Floods. ﬂ
(Sep 13, 2010)

From late July through August, Pakistan received abundant to excessive monsoon rainfall
across the country including many of the major rice and cotton growing areas. The
excessive precipitation triggered severe overland and river flooding. The impact of the
ffloodwater is most severe in Khyber Pakhtunkhwa (N.W.F.P), Baluchistan, Punjab, and the
northern districts of Sindh. These provinces have experienced significant loss of cropland
and damage to agricultural infrastructure. The major kharif season (June-November)

crops are rice and cotton, but a substantial amount of corn, millet, and sorghum is grown
during the kharif season as well. The floodwaters are receding in the mid- and upper-
reaches of the Indus Valley but continue to expand in the southern district of Sindh. The
ffinal extent of the floodwaters and the resulting damage to crops is still uncertain. The b
USDA's preliminary assessment, based primarily on satellite imagery, indicates significant .
crop damage in major rice and cotton areas along the Indus River in Punjab and Sindh

nravincac Tha HIENA fararacke IN1N/11 Dalickan rica aradickian at © 2 millinn tane  dawn

Linking U.S. Agriculture /1
T Vorld
3

‘' News & Events

o Tropical Cyclone Monitor

Multiple satellite,
ground-based and
modeled datasets,
including water
surface heights for
lakes and
reservoirs.

o Google Gadgets

o Iraq Operational Agricultural
Monitoring Project

o RSS News Feeds
o Speaker Presentations on

Global Food Security
Challenges

Related Sites

o Agricultural Production
o Articles and Reports

o Explore by Crop

o Future of Land Imaging
o Geographic Search

o Global Climate Change

o Global Crop Production

o Global Reservoirs/Lakes
© Landsat GloVis

© MODIS Image Gallery

© MODIS Image Archive

© MODIS NDVI Gallery

© MODIS NDVI Time Series
o MPA Rainfall Maps

o Photo Gallery

o USDA Satellite Imagery
Archive

Metadata
o Live Data and Maps
o GeoSpatial One-Stop

NASA'’s Applied Remote Sensing Training Program
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Applications for Drought and Agriculture

R
USDA

NASA'’s Applied Remote Sensing Training Program

Production Estimates and Crop Assessment Division
Foreign Agricultural Service

Lake Beysehir Height Variations
T?PEX 10 Year Geo-referenced 10Hz Along Track Reference

Shown are relative lake
height variations for Lake

993 19 199 1996 1997 1998 1999 000 001 a0 200
*** TOPEX/Poncidon bistoxical mohine

o Tascar | inteniin nea veal Uine gecduct

g i X e N 1 Beysehir in Turkey, Lake
3 o N—p— g2 y £ ; = Buhayrat in Central Iraq
0 O: <, and Lake Urmia in
Ea B northwest Iran. A period of
oS g = e g drought gecymed from
i Bl e ‘ 1999 to 2001. Rainfall in
wes: Sanonr | Lonceim@eny soal Sie proUeet Turkey, northern Iraq and
S S adjacent regions increased
Lake Buhayrat Height Variations in both 2002 and 2003 and
| TOPEX 10 Year Geo-referenced 10Hz Aloog Track Reference has gradually recharged
2 gt a reservoirs.
H
5 “ILast cotry:
3 Fron =~ :"\% bz Initial recovery in water levels
& N\ gy =T observed in 2002-200G.
= - A:?o Oct,

2000 /Drougm began in 1999,

Lake Urmia Height Variations
TOPE.X 10 Year Geo-referenced 10Hz Along Track Referenc

Last entry
S06 Oct,

Height Variation (m}
~
T

st vakid
3 clevation:

1993 199 1995 1996 1997 1998 1999 000 001 002 200
*** TOPEX Foseidon historical archive

==+ Jason | intesiin oeae 1ox bene product

Oct, 2003

2000

Produdion Estimates & Crop Assessment Division (PECAD)
) Foreign Agncultural Service (FAS)
"m U.S. Deparment of Agriculture (USDA)
U S D A hitp:ifas.usda.govipecad/pecad.himl

ESSIC (Earth System Science Interdisciplinany
Center), University of Manyland, College Park
NASA Goddard Space Flight Center,
Greenbelt, Maryland

Courtesy: Dr. Charon M. Birkett, NASA-GSFC

31




Applications for Drought and Energy Resources

Venezuela to Ration Water Because of Low El Nino
Rainfall

October 22, 2009

Venezuelan President Hugo Chavez urged citizens
to cutback on showering time as the country's electric

and water supply problems mount. Hi gh er W a t e r level i n G—u ri Dam

N Venezuela will enact new water conservation

Lake Guri Height Variations
Jason-2 Geo-referenced 20Hz Along Track Reference Pass 152 Cycle 69

F i At A AL | methods, including reducing supply by 25 percent f 'l 1 11
! ﬂ ve " - w A - g until May, because of low EI Nino rainfall, President al S to SO Ve power CrlSlS
- 20.0 [ » '& & f $ n. '1 3’ e § r s )‘ . * . \ S & Hugo Chavez announced on TV late last night.
g [ : ,’. B Ly ARt Ao oL, S S T . ! - . The water level of the reservoir is growing but thermoelectric generation
- . . 2 .. 1) . v s ‘ ¥ . 0 %2 - LI The drier cycle has caused “critically low” levels for
[ « ‘et 2 * . py t . e . o‘ .. 1} | the country’s hydroelectric stations and drinking has not expanded
= 15_0 [ \ o e v 00 . e e e ¥ L N £ water reserves, including the EI Guri reservoir, one of
] [ . e 3 .o H ‘. & .‘ e ) Vi * . ' the world's largest dams, Chavez said. The El Guri is
= [ ? S XA M “% ;i 0¥ of . o located on the Caroni River, which provides 70 ENERGY
(] [ H s s . . . * percent of Venezuela's electricity. Usually the Caroni : P ol is .
'z 10.0 \ e - S T H : ¢ I . River, located in the Orinoco Basin, has a high The rainy season is aiing in Y?naue!a and the
a [ . [ .., * discharge rate, butit has had difficulty replenishing water level of the Guri reservoir is starting to
> [ s H v " +2010 Drotught . Heoltigoly: increase, but concerns about the serious power
. H e L g X isis facing th i ’
- 5.0 . . . . This drought has aggravated the country's already crisis facing the country remain. rr R
[ ' *° ?Approachlng the . 1 fragile situation. Growing demand for and under-investment in water lead to several major blackouts in i
[ ‘ e .. 1 Venezuela earlier this year. . oy <
- t ¢ . . “D d . In fact, the National Electricity Corporation
| . % i
£ 00 [ * . reservoir cal 14 | (Corpoelec) informed the authorities of state-run
r ¢ LeV el” 1 steelmaker Sidertrgica del Orinoco (Sidor) that f ;’q"{"%ﬂi{};&“{”{'& B ff e vg Z;ygm
'50 e f \ | electricity rationing in the main Venezuelan mill (File photo) B

mented throughout the year. This

Power Cut Of 2 g O O O MW required steelmaker company will have to maintain its current production level.

num power consumption of 300 megawatts, which allows for operation of

if Guri dam level reaches 240 "

meters I .
The peak oil crisis: countdown at the Guri

The largest power reduction must be made in central states and by Tom Whipple

Venezuelan Guayana’s Corporation (CVG) DRrtrie e

Please Log in or register to rate this article.
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ENERGY Most Americans have never heard of Venezuela's great Guri dam. Completed in 1978 with
20 generators and 10,200 MW of generating capacity, at one time it had the most
[ ¢ Government authorities believe that the water level generating capacity of any hydro dam in the world.
5.0 ) . ) . . . . . ) . ) . ) ) . . . of the Guri reservoir will reach the critical level of By way of comparison, the Three Gorges dam in China is to produce 22,500 MW when
. completed next year and the U.S.'s Grande Coulee which dates back to 1942 can produce
1992 1994 1996 1998 z(m zmz 2m4 Z(Xb zms 2010 20 1 2 20 14 240 meters above sea level by June, and at point 6,800 MW. If you disregard the ecological damage caused by great dams, they can be
P 2 : . : wonderful things for they produce prodigious amounts of emissions-free energy at very low
ook TOPEX/poseidon histodca] archi\re additional power ratlonlng will be requ1red. cost --- provided, of course, it keeps raining in the dam's watershed. Until recently nobody
...... . . . gave this much thought until last summer when El Nifio, and perhaps a touch of global
##% Jason-1 Interim GDR 20hz lenn‘letl'_\" VC[‘SIOD TPJO.2 The Executive b h of th _— warming, started doing funny things to Venezuela's weather.
e e 2 : H 1 1 . € Executive branch of government nas aire:
b OSTNI [ntenm GDR 20112 alUmet['y( ice mOdC) LaSt Va]ld C]CV&[IOI‘I. 13 OCt. - 20 1 3 % 2 g % % Y The rainy season in Venezuela which refills the reservoirs runs from June to October. The
outlined two scenarios for Operatlng the Guri The level of the Gurl reservoir s declining aver summer of 2009 it was a catastrophe. Rainfall was only about one third of normal so that
. . N y Tl S : iz by last fall alarm bells began sounding as it looked as if the water could fall to the level
hydroelectrlc p[ant 'f the reservoir dI‘OpS to SUCh 10 centimeters per day due to the lower fiow of where the dam would have to shut down most of its generating capacity. The Guri dam

the Caroni River (Photo: Gustavo Bandres)

Ieve|_ Accordin tO are Oft re ared b the has a lower and older generating hall with much less capacity than the main hall and there
g p p p Y are two smaller dams located downstream from the Guri. The problem is that if they have

National Electric Corporation (COrpoeleC) there are to stop letting water through to the turbines in the main Guri dam, the water is no longer
5 . .o s N lable to the d st lant: th tput d kedly too.

two options: operating the electricity grid with the support of new power plants or evaliabie to the donnsiream plants so thelr oufput drops markedly foo

without the addition of the new generation units.
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Applications for Water Resources Management

Il'uio Kariba
= j

‘/?Q__ 2015/16 Super El Nino Lowers Lake Kariba Water Levels

= l? wamse | (Zambia/Zimbabwe) to 12% Capacity (Jan. 9, 2016) and
:;k { ! Power Generation Reduced to Conserve Water
. ftws | [T Take Kariba Height Variations
Govdle Swariand referenced 20Hz Along Track Reference Pass 31 Cycle 12 . -
918 v ows rema ofine - ||Zambia and Zimbabwe's Kariba
= 50 R e dam levels sink to 12 percent as
5 ot Y AAAAAA  [drouant scorches
2 . _‘.l ' '..rA Ao AN LAY “l‘.k e e
g v 557? :2‘."" \ ». ¥ ;
= LA A AR \ [
:g 50 ‘) ‘ "."1‘& . \ ::‘:;w—:mwvmmuumruﬁuuv

The lavels were 477.25 metres (1,500 feet) above sea level on Monday,
Pt two mretres above the point thelr working capacity, the Zamber River

: . Authority, which manages the lake for Zambla and Zimbabwe, said on its
- 4.0 kq - et slte
g » \ - ¥ § Y *The Kariba Lake wos created and designed to operote between levels
8 20 ’ « -3 - 3 47550 metres and 488 50 metres,” Rt said
-1 & TR ‘_ PRz | & The dam was 12 percent full on Monday compared with 53 percent on the
‘ﬂ 00 - ¥ - W v " same date last year, underscoring the severity of a profonged drought that
5 & X , threatens crops across the Southern African region whare the United
. han war t ~e

= .20 \ 3 Noations med that 14 milllon people face hunger

= Nn N R ‘ Zuembia asknd South Africa last week for up 1o 300 megawatts (MW) of
a 40 o X o L amwrgency power to sase an electricity crunch that has hit mining
‘S - . companies already grappling with a sliide In global copper prices.
= '6 0 i - Meamwhile, on Monday, water flow measurements from the famed

Victorta Falls, & major tourist dite, were recorded st 497 cublc metres per
second, close to the historic low of 390 cublc metres per second posted in

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 || 17757 masn. fx authorty said

*** TOPEX/Poseidon historical archive Zambian power companics and mining firms in August 2015 agreed to at
*** Jason- | Interion GODR 2002 altionetry Version TP]O.?.._} mmmmmm.:owzma.m.mmm
**#* OSTM Interion GDR 20hz altimetoy( ke retracker) Last valid elevation: 9 Jan., 2016 |51 355 MW in September from 560 MW in March. (Reporting by Chvis

s Editing by Jeremy Gount; Editing by Fd Stoddard/Jecemy Gaunt)

Click anywhere on the graphs to view or download the associated lake level data files,

Sources: USDA/NASA’s G-REALM (Global Reservoir and Lake Monitor)

USDA mw'mm http://www.pecad.fas.usda.gov/cropexplorer/global_reservoir/
i A v Reuters: https://www.reuters.com/article/africa-drought-kariba-idUSL8N1532RG

https://appliedsciences.nasa.gov/sites/default/files/2012-02/mission.pdf
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Applications for Flood Monitoring Nile River foods in Sudan

leaving 200,000 homeless

KHARTOUM, Sudan (AP) - Floods and
heavy rains have destroyed 119,000 houses and
left more than 200,000 people homeless in nine

LA Sudanese states, the government said.
The government’s Humanitarian Aid Com-
Lat. ;

mission said 65 schools and 60 health institu-
tions have also been destroyed and vast tracts
of farmland have been inundated.

The government has mobilized troops to
fight the worst flooding along the Nile Riverina
half century and is considering evacuating thou-
sands of people in districts near Khartoum,

The worst hit reeions in Sudan. Africa’s lare-
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Applications for Fish Catch Potential

G-REALM: New Wetland Case Studies - Monitoring for Fish Catch Potential N{‘-_;\\\"SA

Water Dynamics and Fisheries

Unstable, highly fluctuating, shallow, complex socio-ecological
system. Van Zwieten (2003) determined lake level fluctuation

significant factor governing catch.
Presented at the Global Conference on Inland Fisheries, FAO HQ, Rome, January 2015

P Senenance; A Stmmance; | Kobling. GM
Poppy: K. Schrackanborg. € Werken

Salclhtc
alu

Time Series Mlﬂ“* Regresssion: between 0079 Cniwo Poss092 EW « Try! Secicetrocker USO~corrected
RLLF, fishing effort and catch by species =

- Marsh water level variations 2002-2010
Non G-REALM wetland product showing 1m % -

seasonality, general decline 2002-2007 ™ e %%
followed by recovery. Consistent with 1 . P =
historical gauge data. “Cost-effective, timely S i 5 ¢ ¢ h B A
and reliable monitoring, combined with RLLF -

ROATWVE LOWE

may provide a deeper understanding of drivers
and trends”. Smaller lakes included in G-
REALM program in Years 3+4. Inclusion of o °

marsh/wetlands — a future direction? foye~ - — — per pim rom s {

https://appliedsciences.nasa.gov/sites/default/files/2012-02/mission.pdf
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The Future — The Global Reservoir and Lake Monitor

Many hundreds of lakes and reservoirs will be added, with G-REALM continuing
to supply both archival and near-real time water level measurements.

——mEE e IR
- ", -Fc

v,
| | g
A Current Jason Lakes (73) @

Ao Potential ENVISAT Lakes (611) ———
Croplands -IE
USDA
NASA's Applied Remote Sensing Training Program Courtesy: Dr. Charon M. Birkett, NASA-GSFC
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The Future - The Global Water Monitor

A new website offering additional lake extents and storage, as well as water level
products for wetlands and rivers.

$ |

71 |

Welcome to the ! Website still in progress !

Global Water Monitor
https://blueice.gsfc.nasa.gov/GWM

A prototype online source for satellite data products relevant to lakes, reservoirs,
river channels, wetlands and global mean sea level.

(Main Contact: Charon.M.Birkett@nasa.gov)

2018 Water Resources

Water Monitor - Lakes and Reservoirs <
Lake Storage and Status Indicators
Water Monitor - Rivers and Wetlands 2018 Water Resources
Alaska Streamflow

Usangu Project

Water Monitor - Global Mean Sea Level Ongoing NASA
Ocean Surface Topography

03 ZUSES e @ Gt 5
37

Courtesy: Dr. Charon M. Birkett, NASA-GSFC
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The Future — The Global Water Monitor for River Reach Water
Level Variations

Alaska River Monitoring for Potential Flood Wcrnlngs

2018 WR: Alaska Streamflow _

Operational altimetric water levels for

e
designated reaches (monitoring, floods) ¢
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**+ TOPEX/Poscidon GDR 10Hz altimetry

**% Jason-1 GDR 20Hz altimetry

*#+ OSTM/Jason-2 GDR 20Hz altimetry (ice retracker)
#4% Jason-3 Interim GDR 20Hz altimetry (ice retracker)

Version TPJOJ 2.5 1 l z ' {
J-2 Ref Pass 227 Cycle 199

Last valid clevation: 10 June, 2020

Courtesy: Dr. Charon M. Birkett, NASA-GSFC



The Future — The Global Water Monitor for Wetland Water
Level Variations

Applications can be water or energy resources, agriculture, and conservation.

10-day Resclution Preducts "
i - ' - Download Time Series
: Series mission-merger compromised
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The Future — The Global Water Monitor For Lake Levels, Extents,
Storage, and Status Indicators

Combining water levels, extents and bathymetry, and supplying warning indicators
to highlight drought and flood conditions.

The new lake “Storage and Status” tab. Here, stakeholders can access additional information
relevant to the drought/recharge situation in the basin. Product access is currently designed to be via
log-in protocol to record end user statistics and product application.

Home / Water Monitor Lakes and Reservoirs ser (0331) { 10-Day ] Q_ Target name or ID

Lake Level Storage and Status Reference Track Geoid Profile Nearby Targets

P s - (Y
Lake Nasser

= g . 3
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Demonstration: Access Lake Level Height Data
Global Reservoirs and Lakes Monitoring (G-REALM)

lobal reservoir /



https://ipad.fas.usda.gov/cropexplorer/global_reservoir

References

Birkett, C., 1995: The contribution of TOPEX/POSEIDON to the global monitoring of
climatically sensitive lakes, J. Geophys. Res., 100, 25,179-25,204.

Birkett C. and B. Beckley, 2010: Investigating the Performance of the Jason-2/OSTM
Radar Altimeter over Lakes and Reservoirs, Marine Geodesy, 33:S1, 204-238,
DOI:10.1080/01490419.2010.488983.

NASA's Applied Remote Sensing Training Program



Questions

- Please enter your guestions in
the Q&A box. We will answer
them in the order they were
received.

« We will post the Q&A to the
training website following the
conclusion of the webinar.
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https://earthobservatory.nasa.gov/images/6034/pothole-lakes-in-siberia

Contacts

 Trainers:

— Amita Mehta: amita.v.mehta@nasa.gov Follow us on Twitter
@NASAARSET

— Sean McCartnhey: sean.mccarfney@nasa.gov

« Altimetry Information:
Charon Birkett: charon.m.birkett@nasa.gov

« Training Webpage:

— https://appliedsciences.nasa.gov/join-
mission/training/enalish/mapping-and-monitoring-lakes-and-
reservoirs-satellite-observations

« ARSET Website:

— https://appliedsciences.nasa.gov/what-we-do/capacity-
] building/arset
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Thank Youl!

h NASA's Applied Remote Sensing Training Program




