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ADVANTAGES
The contribution of new information where traditional gauge (stage) data is absent.
Day/night and all weather operation.
Generally unhindered by vegetation or canopy cover.
Determined surface heights are 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 to monitor seasonal to inter-annual variations during the lifetime of the missions.
Validated techniques.

LIMITATIONS
Data can only be retrieved along a narrow nadir swath.
The satellite orbit scenario determines the spatial and temporal coverage.

Highly undulating or complex topography may cause data loss or non-interpretation of data.
Height accuracy is dominated by many factors including the size and surface roughness of the target.
Minimum target size is also dependant on many factors.

Retrieved heights are an "average" not a"spot" height at a specific location.

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




R.L. Brooks, 1982 - Mapping of Canadian Lakes

J.G. Olliver, 1987 - Validation with US Lakes and Caspian Sea

Rapley et al., 1987 - Applications over non-ocean surfaces

A.Auetd., 1989 - (and GEOS-3), Caspian and Black Seas

Cudlip et al., 1992 - Preliminary mapping exercises, Sudd Marshes and Amazon Basin

Guzkowska et al., 1990 - Applications over non-ocean surfaces
Koblinsky et al., 1993 - Amazon Basin, river stage determination
Morrisand Gill, 1994 - Variation of Great L akes water levels
Birkett, 1994 - Great L akes and Global

Scott et al., 1994 - Tracking mode performance over non-ocean surfaces

- Validation and First looks
Morrisand Gill, 1994 - The Great Lakes
Birkett, 1995 - The Great L akes and Global
Dalton and Kite, 1995 - Lake Victoria, Africa
Birkett, 1998 - Global Rivers and Wetlands




Interpretation of short and medium-term
|ake volume changes in terms of an
aridity index.

r e e e e e e L ake volumes
respond to changes
in precipitation
integrated over
their catchment _ .
basins. This ,,.r _
response Is L:ih Tarlqa.nyma -
particularly marked 50— ~
for closed lakes. -
T/P crosses over
~350 large lakes, of
which ~50 are Water level residuals after removing the annual cyclg
‘closed’. However,  for lakes Tanganyika and Malawi. Derived from T/P

evenreservoirsand  for 1993-1996.
open lakes respond
to climatic Ponchaut and Cazenave, 1998

variations.
Mason et al., 1994, Birkett, 1995, Birkett and Mason, 1995
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L ake Chad
Seasona |nundation:

Decanal Variationsin Seal evel Impact on Livelihood Choices

Areal extent . ., Brecipitation
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Synergy between
elevation, ared
extent, and
precipitation together
with up-river
observations may
allow seasonal
prediction of
inundation extent,
magnitude and
duration.

Post 1975 sea level rise viatraditional gauge measurement
confirmed by T/P observation, and observation of rating
equation

Cazenave et al., 1998

B| rkett and Sarch 2000




Nile River floods in Sudan
leaving 200,00

WA
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Seasonal/Inter-annual Variability, Propagation speeds and ENSO effects

Amazon Basin LaPlataBasin
- . Parana, Paraguay, Uruguay

Comparison  of
) the T/P-derived

water level time
series (dots) and
reconstructed
time series from
the in Situ
gauging
information.
Results from
Tracks 63 and

139 are shown. L eading mode of precipitation in the La Plata basin and of
normalized water level time series. Principal component of
precipitation (black), normalized elevation (colored) for 3

Campos, Mercier, Maheu, Cochonneau, K osith, sub-basins. Surface water propagation speeds ~ 0.1m/s
Blitzkow, Cazenave, 2001 Maheu, Cazenave, Mechoso, 2003




T/P

Ground Tracks
Over the
Amazon Basin

Seasonal Stage
Variations
along the

Main Stem

Birkett, Mertes, Dunne, Costa, 2002

Water-surface gradient Amazon Main stem
June 1, 1993-1999

Variation of altimetric water-surface gradient as a function of
Surface elevation during the passage of the annual flood wave

(1995-1996) at Manacapuru. Gradient is deduced from a
satellite pass-pair defining ariver reach.




JRS-1 SAR |nterferometric SAR

Congo River L e Balbina Reservoir
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JERS-1 Interferogram spanning February 14 —March 30, 1997. “A”
marks location of T/P altimetry profile, yellow =lake surface, blue=
land. Inundated vegetation allow “double-bounce’ travel path of radar
pulse. In-SAR level changes 12 +/- 2 cm T/P level changes 21 +/- 10 cm.
Alsdorf, et al., GRL, 28, 2001.

Utilizing radar altimetry and historical gauge data
For validating the hydrological significance of the
JERS-1 SAR (GRFM) mosaicsin central Africa.

Rosengvist et d., 1JRS, 23, 2002.
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HYDROLOGY FROM SPACE
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NASA: Outgrowth of the NASA ESE post-2002 Mission Planning. One of 3 THP working groups (soil moisture, cold-land processes).
Funded: NASA Terrestrial Hydrology Program Manager-Jared Entin.

 Science Questions

e.g. The ability to predict the Land Surface Branch of the Global Hydrologic Cycle
* Stream flow is the spatial and temporal integrator of hydrological processes thusis used
to verify GCM predicted surface water balances.
* Unfortunately, model runoff predictions are not in agreement with observed stream flow.

e.g. What istherole of wetland, lake and river water storage as aregulator of
biogeochemical cycles, such as carbon and nutrients

» Global Water Management and Assessment | ssues

* Lack of Discharge and Water Storage M easurements
* A Global Decline in Gauge Networks

* A Need for Satellite-based Observations

* Potential Space-borne Solutions
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Vorosmarty et a., EOS Trans, 2001
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River stage and surface velocity

Water surface return:
fﬁ—::\r ".us
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RELATIVE SPFECTRAL AMPLITUDE [RANGE CORRECTED)

2um coherent detection lidar

4-6 mJ (330 nsec pulse), 80 Hz rep rate
water cooled, ~7-10% total system
efficiency, 10 cm two axis scanner, side
door mounted, GUI for instrument
control& data display

Single shot data used to obtain 400 shot
average at ~3 degrees off nadir

Airborne Doppler lidar returns from water surfaces
G.D. Emmitt and C. O’ Handley, SWA.

River velocity, width, &slope

Measure -Dopple

Rodriguez et al

Only relative
height/slope
changes are
measured. Assumes
meter accuracy
DEM can be used
for calibration.
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Example of
measurement of
the radial
component of
surface velocity
using along-
track
interferometry




|ICESAT/GLAS | -
Inland Water Leve CAL/VAL

Objectives:
*Validate water level elevations in vicinity of
river and lake gauges
*Assess signal quality as a function of water
surface state & off-nadir angle
*Assess retrieval of along channel water slope
8-day Path Mode Targets:
Lower Mississippi River
Lower Missouri River
Columbia River Reservoir
Sacramento River
Great Salt Lake
Upper Nile River
Lake Nasser/Aswan Dam

EHVISAT Cyales

Standard Land Nadir Mode:
Amazon River main stem, Everglades
Lakes Ontario +Chad, Paraguay +Yangtze Rivers

Stage variation within the Three Gorges Dam
P.Berry, 2003 (DMU, p.c.)



