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Framework and field applications of the methodology

Targets:
Floodplain and highly variable lakes
In arid zones

Objectives:

Mapping water extent and level variations
On high temporal resolution
Medium spatial resolution
—

Understanding the linkage of water surface with
regional and global climate variability
Assimilation in hydrodynamic model
Estimating water volume variations

Instruments:
Modis sensor
Radar altimetry

Ancillary data:
Global gridded precipitation data (TRMM, GPCP, PERSIAN ...)



Multispectral satellite imagery: what do we measure?
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Case study: Flood monitoring over the Inner Niger Delta (IND) t.'w
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Analysis of Precipitations over the IND and upstream watershed of Niger and Bani rivers

Average rainfall over 1998-2009 from
TRMM
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f - | Longitudinal patterns with marked
= 4 gradient from South to North.

1200 to 1500 mm/yr at the source of Niger
and Bani rivers, to about 300 mm/yr over
the northern part of the IND

Over the IND the main contributor of
flooding will therefore be the surface
water flow from upstream rivers with time
shift that should be detected from Modis
images analysis
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Precipitation (mm) over the Western Africa from TRMM and GPCP data sets
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Quite good correlation of interannual precipitation from GPCP and TRMM exept for 2005-2006

TRMM exibits significant internannual variability

=> Effect on inundation over the IND should be marked
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Annual Rainfalls Residuals : NIGER
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Water, on dry area, aquatic vegetation and vegetation on DELTA_NIGER : 18/2/2005

Water, on dry area, oquatic vegetation and vegetation on DELTA_NIGER : 17/1/2005
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Water, on dry area, aquatic vegetation and vegetation on DELTA_NIGER : 15/4/2005 Water, on dry area, oquatic vegetation and vegetation on DELTA_NIGER : 17/5/2005
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> In absence of rainfall for the first semester of a usual

some permanent small lakes
» Vegetation is also absolutely not present
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Water, on dry areo, oquatic vegetation and vegetation on DELTA_NIGER : 22/3/2005
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Water, on dry area, aquatic vegetation and vegetation on DELTA_NIGER : 18/6/2005



Water, on dry area, aquatic vegetation and vegetation on DELTA_NIGER : 21/8/2005 Water, on dry areo, aquatic vegetation and vegetation on DELTA_NIGER : 22/9,/2005

Water, on dry area, aquatic vegetation and vegetation on DELTA_NIGER : 12/7/2005
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» Vegetation appears in July, and aquatic vegetation in A
» September is marked by increasing flow over the IND
» From September to December the vegetation around t
» In December the water on the IND starts to evaporate
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Comparison of Modis classification with Meris (Seiler & Csaplovics 2003)
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Surface (k12)
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Open and mix water over the IND
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Normalized average surface from Modis over the IND
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» Peak of vegetation occurs in beginning of September => after the first rainfall in July / August

» starts of water over the IND in end of July => due to direct precipitation

» Main peak of water and aquatic vegetation occur 1.5 month later, and open water peak is narrow =>
Surfaces inundated are shallow with relatively flat topography, and presence of vegetation slow down the flow
in the IND inducing quick evaporation of open water in the IND
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Niger Precipitation (red) / Modis water on IND (blue)
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latitude

latitude

Map of Modis classification o
High inter-annual spatial vari

=> This enhance the interest
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How Modis classification may be used for altimetry data analysis?
Example over the Diamatina River and Lake Eyre in Australia
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DIAMANTINA : index along track : 834 of envisat
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Jason-1 and 2

> nterpolation of Modis classification indexes
B9 to the altimetry points of measurements: serve

as « editing parameter »

Jason-2 tracks
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latitude

DELTA_NIGER : index along track : 474 of envisat 265
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Why monitoring the IND water surface
and level from RS is important ?

<> The Sahel is one of the most endangered zones worldwide

<> The IND serves as crucial source of economic activity in Mali, with more than one million
inhabitants strongly dependant on water resources in the IND (agriculture, fishing,
pastoralism)

<> The interaction among pre-flood, flood and post-flood conditions strongly affect land use
patterns in and around the delta

<> Need to examine how vulnerable is the IND to climate change

<> Need to investigate the linkage between IND flooding, the river systems, and the Western
African moonsoon (AMMA program)

<> The IND can serve as a good natural laboratory to study climate change impact on
surface water resources in semi-arid region

<> Development of a modern system of survey/alert/prediction for inundation in the IND is an
ongoing challenge.

A condition sine qua non is the availability of homogenised and standardised
time series of remotely sensed data.



And what are the perspective ?
Remote Sensing future missions for surface waters
Satellite imagery

» Modis/Terra but still how long?
» Sentinel-2 but will the data be freely and easily available?

Satellite radar altimetry

» Jason-2 and Jason-3 (mid 2013) but cover the IND only at the
mouth of the delta

» Altika but When? Will the CNES/ISRO consortium follow the
agenda? However very interesting perspectives of improvement on
floodplains thanks to Ka Band.

» Sentinel-3 (2013) but will the data be freely and easily available?
» HY2 but will the data be freely and easily available?



2019-2020: will SWOT be THE solution?

» Ka-Band SAR interferometric system with 2
swaths, each 60 km wide

» Noise is uncorrelated thus averaging further
improves height accuracy by sqrt(n)

» Produces heights and co-registered all weather
imagery

» Height accuracy: 10cm w.r.t land over 1 km2 and
slope of 1cm/km over 10 km
» In case study like IND it will considerably improve

the understanding of flood process

» The potential of SWOT measurements will be

enhanced if coupling with other RS data (SMOS like,

radar altimetry, imagery, gravimetry and
meteorological satellite data sets)

H-Pol Interometer Swath Nadir

Interferometer

f \\\ e Attimeter 7 f/ / 1'\
F W% v’
I \ \ e // ' \
\ N s Fd \
/ \ ~ /
i e N W /|
| X \\ A P /"’ / \
gl A / \x
i NN e S ol
g N N/ \
! N P % \
/ A \\ / /k\ 1l1l
| // \ \ // / ~ \

Intrinsic
Resolution
from2mx 70 m

to2mx10m

urface Water.. .

Ocean Topography Topography

V-FPol Inteferometer Swath
10 -70 km

10-70 km Altimeter Path

Graphics: Karen Wiedman






§

|
,Z} Thanks for attention




178 REMOTE SENSING IN HYDROLOGY
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Figure 9.2 An illustration of the increase in backscattered energy as the sediment
concentration increases.

Profile over the Aral Sea Profile over the Diamantina River
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Validation of the methodology over the Aral Sea

From altimetry + bathymetry = > variation of surface
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Modis / altimetry Aral surface variations

Correlation modis/altimetry = 0.996

Big Aral
5000 10000 15000 20000
Modis surface (km2)
» From Icesat Laser altimetry
mission one may detect presence
of water th ro ugh dete rmination of |Ma-an.diffexence: 450 meters (within the Modis pia‘t-ei.resa-luﬁan)l
i ; =08
height level above geoid. £
é 0,4
» Comparison over 5 yea 202
data on Aral Sea allow 5 0
A .o 1 2 3 4 5 6 7 8 9 10
of Modis classificatio "
umber of sample
water.
. Modis / Icesat open water classification
5 170 a5z
3 @ _ 45 '
g 120 S X 448
-] E®
w70 Qpen Water £ = 448
2 G 2
2 5 . . : : . | S ¥ a4
= 43 43,5 44 44,5 45 45,5 46 44,2
Latitude along the Icesat track over Aral Sea (°) 0 1 2 3 4 5

Number of sample



Annual Precipitations
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Comparison of Modis classification with Landsat 7

October 22, 2003 February 27, 2004 November 15, 2006
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