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Introduction 

• Increasing pressure on water resources make 
water agencies seek new, more effcient 
technologies to monitor rivers 

• Satellite altimetry (SA) has the advantage of being 
almost instantly available 

• SA applied to continental hydrology still faces 
many challenges 

• With finer resolutions SA becomes a tool for 
narrower rivers (less than 100 m in some cases) 

• SARAL/Altika is a welcomed improved 
continuation of the Envisat mission 



Introduction 

• The São Francisco is the largest watershed 
entirely comprised in Brazil 

• By crossing 5 states it is called the river of 
national integration 

• It is navigable for a 1000 km stretch 

• The focus of (polemic) attention with the 
transposition of its course 

• SARAL offers an opportunity to convince water 
agencies of Brazil to create a network of VHS’s 
for operational purposes 





Objective 

• Implement spatial processing techniques for 
extracting water levels on medium size rivers 
(< 1 km) 

• Create application tools to systematically and 
efficently make measurements on VHS 

• Compare results with in situ measurements 
from the São Francisco River, Brazil 

• Compare Envisat and SARAL/Altika 



Problem of hydrological altymetry 

• First strong return is not always from nadir 
and retracker must select a «probable» target 



Problem of hydrological altimetry 

• Strongest return signal is often taken as water 
but might be off-nadir (hooking) 



Probable position of river 
bank with a weak return 

SARAL/Altika data 



Postulate 

• Visually, all these problems are easily 
recognizable 

• They can be assimilated to a Pattern 
Recognition problem 

• Especially if some prior information is known 
about the target (river) 



VHSTOOLS: utility programs for processing 
virtual hydrological station data  

Implemented in Python 2.7 VHSTOOLS perform the following tasks: 
 
1. Extract time series satellite altimetry data (Envisat, Jason2, SARAL-

Altika) from multiple NETCDF files (one per track per date) to 
create VHS’s 

2. Apply corrections to transform range data into altitude 
3. Offer capacity to extract in situ data from the Brazilian water 

agency (ANA) that correspond to dates of the VHS 
4. Transform (shift) coordinates of points relative to river centerline 

and plot points and track overlaying the true river centerline 
5. Offer two solutions to process sequences of points to produce 

water level data (altitude) 
6. Plot virtual station data with or without DEM data as background 
7. Plot time series superimposing virtual station and in situ data 



VHSTOOLS (GUI) 



VHSTOOLS Outputs: 
plot of satellite track over 

river (true) centerline 



Two solutions to process sequences of 
points to produce water level data 

1. PATTERN RECOGNITION: classification of the 
shapes is performed using terms a1 and a2 of 
the second order polynomial function: x’ = a0 
+ a1y + a2y2. The ratio between a1 and a2 is 
also used. 

2. DISTANCE FROM RIVER CENTERLINE: 
computes the natural average of all points 
contained within a certain distance of the 
river centerline. 



VHSTOOLS Outputs: 
point sequence with river centerline 

and classification of pattern 



VHSTOOLS Outputs: 
 point sequence with DEM in 

background 



VHSTOOLS Outputs: 
Time series of VHS’s 



River stretch of the São Francisco River  



River stretch of the São Francisco River  



Satellite Altimetry Data 



Results (Envisat) 



Cacheira da 
Manteiga 

Altika 

Envisat 



São Romão 

Altika 

Envisat 



Manga 

Altika 

Envisat 



Morpara 

Envisat 

Altika 

cal:  404.22 
vhs: 404.29 



Altika’s first cycle 



Discussion and Conclusion 
• The two different processing methods yielded similar 

results 
• Pattern recognition is probably better when location of 

river centerline is approximate and when width is not 
precisely known 

• There is a relation between RMSE and distance to in situ 
station showing that the hydraulic conditions have changed 

• The effect of the environmental context should be taken 
into account to improve results 

• Altika appears to bring increased details but did not reduce 
« hooking » effects 

• The fact that in situ measurements are still not available 
stands to show the advantage of satellite altimetry 

• (I think) Results could only really be improved using the 
wave forms in a contextual approach instead of using 
retracked data 


