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Introduction

In the last decades, the demand for answering more challenging questions related to the study of climate modifications posed a series of issues about the understanding of hydrological systems. This type of scientific problem requires knowledge of how physical processes take place and occur under a framework that includes different spatial and temporal scales jointly with physical constraints. Understand and forecast the effect of climate changing requires that we understand the hydrological basin as a component of a broad system, which is dynamic and highly complex, including in particular in temporarily inundated zones that play an important role in the local hydrological cycle [START_REF] Birkett | The global remote sensing of lakes, wetlands and rivers for hydrological and climate research[END_REF]. Among these hydrological systems, the Amazon is one of the most important. The Amazon basin is characterized by its large drained area (37% of South America), together with the low altitude of the alluvial plain that presents a very mild average slope (1cm/km) [START_REF] Guyot | Hydrologie du Bassin de l'Amazone[END_REF][START_REF] Guyot | Nouveautés sur les débits monstrueux de l'Amazone[END_REF]. Consequently, it is made up of a complex net of lakes more or less connected to the main river channels and covering areas estimated between 60 000 km2 [START_REF] Sippel | Passive microwave observations of inundation area and the area/stage relation in the Amazon River floodplain[END_REF]) and 300 000 km2 [START_REF] Junk | As águas da Região Amazônica[END_REF]. During flooding season, waters of main stems drain into these lakes and remain there for several months. As a consequence, this outpouring modifies the flood peak of the rivers. In the dry season, the water stored in the flooded plains is released, leading to an increase of the drought.

These great lakes work as natural reservoirs affecting the hydrological cycle of the main Amazon River channel and main tributaries and therefore, that of the global hydrological cycle. As many other large tropical basins, the Amazon basin is poorly monitored and lacks stage information for all the aforementioned components of the hydrographic network. Then, getting time series of water stage by means other than readings at local gauges is mandatory. Therefore, this study focuses on building time series of water stage using satellite altimetry for the large rivers channels, reduced-size tributaries and wetlands within a sub-basin of the Amazon basin, the Rio Negro basin. The ~2000 km long Negro River is the second river in the world in terms of water volume (IBAMA, 2007). Its basin drains approximately 700.000Km², ~ 10% of the entire Amazon Basin. It starts so-called Chamusiqueni river in the plateau of Guainia Comissary, Republic of Colombia, at ~180m of altitude. Its name next turns to Guainia River in the Colombia and Venezuela central lands and last changes to Negro river in the Brazilian Amazon, after its confluence with the Casiquiare River at the Brazil-Venezuela boundary. The riverbed roughly trends southeastwards until its junction with the Solimões River at Manaus. Its main climatic characteristics are listed in Table 1.

Satellite altimetry and the ENVISAT mission

Altimetry radars installed on board of various satellite missions emit a pulse towards the nadir and receives the echo reflected by the water surface level. Echo analysis permits to extract the distance between the satellite and the reflector, so called range R. Owing to the fact that the satellite altitude H with respect to a reference ellipsoid is known accurately by orbitography modeling, the height of the reflector with respect to that geodetic reference is given at each pass of the satellite by: (Eq. 1).

j j h H R R = -+ Δ ∑ (1)
Where Rj are environmental -propagation through the troposphere and ionosphere -and geophysical corrections -tides - [START_REF] Fu | Satellite Altimetry and Earth Science, A Handbook of Techniques and Applications[END_REF].

In ENVISAT embarks RA-2, a high precision radar pointing towards the nadir and operating in two frequencies (Zelli, 1999), e.g. at 13.575 GHz (2.3 cm wavelength, Ku band) and at 3.2 GHz (3.4 cm wavelength, S band). This dualfrequency system enables estimating the ionospheric delay. The width of the ground footprint is approximately 3.4 km.

Virtual Stations and altimetry data processing

A virtual station consists in the intersection of a satellite track with a water body, making possible to derive time series of the water stage variations from the radar measurements at each pass. However, all the radar measurements a priori returned by a water surface are not necessarily valid measurements. Indeed, several factors may affect the measurement among which the most frequent are: + non-water reflectors such as banks, islets, vegetation, etc… may have bounced significant energy together with the water surface and affect the computation of the range; + the water surface at the rim of the footprint may dominate the energy received by the satellite although the latter is not right over the water body (socalled "hooking" artifact) and translate to an apparently valid -but slant-range.

In order to overcome these problems in the selection of the data to be included in the estimate of a water height, we have developed a methodology to altogether geographically and visually select the altimetry data at the virtual stations. The VALS software (VALS standing for Virtual ALtimetry Station) consists in routines developed in the frame of the GRAS GIS 6.1 freeware SIG.

The data processing is performed in three main steps: + Rough selection guided by imagery (Figures 2a, 3a and4a). The along track measurements are displayed over a geo-referenced image chosen such as to highlight the wet and dry areas in the vicinity of the studied virtual station. The measurements in the close vicinity of the water surface -as shown by the imageare selected and passed to the second step. In the present study the images we used were mosaics of JERS-1 radar interferrometry produced in the frame of the tropical forest global mapping -Global Rain Forest Mapping-GRFM projects (GRFM 1995(GRFM /1996)). Both low waters and at flood periods are available. We used the flood period images. + Refined selection in cross section (Figures 2b, 3b and4b). The data selected in the first step are now displayed in a height/cross-section abscissa diagram. Again, the operator can draw a polygon inside which the data are retained. Noteworthy, several disconnected polygons can be defined. + Computation of master points. The median and mean values are computed for each pass using the data subset selected in the second step. In the present study, we retained the median and associated mean absolute deviation to construct the time series. Indeed, we have experienced that given the large number of possible outliers with respect to the little number of points selected for each pass, the median offers a more robust predictor than the mean would do. [START_REF] Frappart | Preliminary results of ENVISAT RA-2-derived water levels validation over the Amazon basin[END_REF] already arrived at a similar conclusion.

Using the VALS toolbox for the ENVISAT tracks crossing the Negro river bassin, we computed time series of water stage between 2002 and 2006 at about 150 virtual stations. As far as the ENVISAT data are concerned, we used the ranges issued by the Ice-1 algorithm and geophysical corrections provided in the standard GDRs, but the tropospheric corrections that are post processed using meteorological models. Among the 4 ranges distributed in the ENVISAT GDRs, The Ice-1 ranges option has been retained following [START_REF] Frappart | Preliminary results of ENVISAT RA-2-derived water levels validation over the Amazon basin[END_REF] who showed that Ice-1 was the algorithm performing best for continental waters. The 150 virtual stations include 34 stations on the river main stem, 66 over tributaries and 50 over wetlands. Their locations are shown in Figure 1. We present examples of series obtained for these three types of water body: a large river, a small tributary and a wetland. The data selection and time series of a virtual station in the Anavilhanas Islands, where track 637 crosscuts the Rio Negro in its widest portion, is shown in Figure 2. As shown on the cross-section, the width of the river changes significantly between the low and high water. This case highlights the great advantage provided by a supervised data selection that enables on the one hand selecting smaller portions of tracks at low water to eliminate the data on the river bank but on the other hand select all the data at high waters and take advantage of the large number of samples at these measurement times. The case of a small tributary is shown in Figure 3. The virtual station is on the Pardo River, a river 300 to 400 m wide, that is narrower than the beam footprint, crosscut by track 149. It is worth noting that larger deviations are associated to the height values than for the Rio Negro. Noteworthy, this river is not monitored and then could not be taken into account in any hydrological modeling until these ENVISAT series were computed. Last, we present a series extracted where track # 235 passes over a wetland, the Caapiranga Lake (297.48 °E and 0.63 S) (Figure 4). Wetlands are poorly monitored worldwide. Indeed, it appears almost infeasible to monitor locally the stage variations of such remote areas and the surface-integrating capability of the radar beam is an advantage in this case and permits the computation of stage variations.

Given the very small number of gauges along the main stem of Rio Negro, only one virtual station is located in the very close vicinity of a gauge (e.g. the São Felipe station, 700m away only from the ENVISAT track). A single series is not satisfactory to address the problem of the quality of the ENVISAT series by comparison with a gauge series. Therefore, in order to perform such a comparison on the basis of several pairs of series, we also computed the time series of water stages at 5 other ENVISAT virtual stations that are located less than 20 km from a gauge within the Amazon basin (Table 2), including two other stations along the Negro basin. Comparison between ENVISAT time series and gauge time series is presented in Figure 6. First, we computed the weighted linear regression between both series at each gauge-SV pair. Regression coefficients range between 1.002 and 0.59 (Table 3). Yet, when this coefficient is close to one, it is suggested that both series agree very well. However, a value significantly different from one does not indicate that the ENVISAT series is necessarily bad. It can also evidence that hydrological conditions are different between both locations. Therefore, we also computed the ratio χ between on the one hand the discrepancy between the ENVISAT master points and the linear regression and on the other hand uncertainties associated to the ENVISAT master points (see formula in the caption of Table 3). When χ equals one, the uncertainties are not under-estimated.

When χ is greater than one, the uncertainties must be scaled by χ to globally range as much as the discrepancies do. The χ value for the comparison at every ENVISAT/gauge pair is reported in Table 3. Values range between 1 (Barcelos) and 7 (São Paulo de Olivença). This means that the uncertainties of the ENVISAT virtual station at Barcelos are realistic when those for the virtual station at S-P de Olivença are 7 times under-estimated. At Jatoba, that χ = 3.6 suggests that the ENVISAT series compares as well the corresponding in-situ series as the other series do, and also suggest that the low regression coefficient (0.590) is due to a significant change in river cross section between the location of the SV and that of the gauge. When computed globally for all the stations, χ = 3.6. This suggests that realistic uncertainties are obtained for ENVISAT series when those issued by our selection procedure are multiplied by 3.6.

At Obidos, two gauges are available. We also compared these two gauges together. The regression coefficient between both gauges is 0.966 and χ = 30, using a 1 cm uncertainty to characterize the gauge readings (Table 3). Such values, that suggest that the actual uncertainty of the reading is 30 cm are surprisingly bad. Yet, inspection of the data series suggests that a measurement in the auxiliary series is likely wrong (either because of a reading error or because of an erroneous transcription). This outlier is circled in Figure 6. Thus, if this data is removed from the series, the correlation rises up to 0.995 and χ = 3 (Table 3), suggesting that the actual uncertainty of the readings is ~3 cm.

The gauges that we used were not leveled. Such linear regressions between gauges series and ENVISAT series that are referenced with respect to the WGS84 ellipsoid enable to level the gauge zeros. However, such levelling using satellite radar altimetry must accounts for the fact that the ranges drived by the Ice-1 trackers are potentially biased. Since no value has yet been published for the Ice-1 tracker bias over the rivers, we used the value determined by Cretaux et al. (submitted) over Lake Issyk-kul, namely 72.6 cm ± 5 cm. The levels of the zeros of the gauges included in this study are reported in Table 3. These values might need to be updated when a river-dedicated estimate of the bias is available.

Conclusion and perspectives

Large -metric-errors often observed in time series constructed using satellite radar altimetry are proceeding of the difficulties found to adapt measurement and processing procedures tuned for the oceanic domain. Most of the errors come from the inclusion of non-water data in the set of measurements retained for the computation of water stages, in particular at low water stages [START_REF] Birkett | Contribution of the TOPEX NASA radar altimeter to the global monitoring of large rivers and wetlands[END_REF][START_REF] De Oliveira Campos | Temporal variations of river basin waters from Topex/Poseidon satellite altimetry ; application to the Amazon basin[END_REF]. Most of this scatter can be dramatically reduced if a supervised selection of the data is performed prior the computation of the master points making the final time series. The method that we propose to perform such a selection consists in adding to the common geographical selection a second step of data selection, in a cross-section view.

After some satellite passes are available, such cross section displays permit a satisfactory identification of non-water measurements, hooking disturbances and change with hydrological cycle in the width of the geographical selection window.

Unfortunately, no comparison could be performed over small tributaries or wetlands; the most demanding places and this test remains to be performed. Yet, a comparison performed at six gauges over different rivers within the Amazon basin result in regression coefficient greater than 0.95 between the ENVISAT and gauges series. Uncertainties appear under-estimated and a 3.6 scaling factor is proposed. Although such a study requires to be conducted over a much larger dataset for definite conclusions are drawn, it is shown that ENVISAT altimetry provides valuable measurements of the water level, of particular interest in poorly monitored areas such as the Amazon basin. (3) : An a priori 1 cm uncertainty was assumed for all the in-situ measurement for the weighted regression in this particular case. 3. 
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  stands for the Ellipsoidal height of the gauge zero (in m with respect to WGS 84). Associated uncertainties account for both σ H and the bias uncertainty published byCretaux et al. (submitted).
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 1 Figure1: map of the Rio Negro basin together with the virtual stations defined by the intersection of the river channels with the ground tracks of satellite ENVISAT. In situ stations used in this study are also shown. Background image is a JERS-1 mosaic made of images 304-305-306-311-312-313, e.g. Amazon high water images.
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 25 Figure 2: Virtual station on the Rio Negro at 297.41; -1.05, ENVISAT track # 736. A: Display of the geographical distribution of the data selected B: time series

Figure 6 :

 6 Figure 6: Comparison between the ENVISAT and the gauges values. Red lines stand for the best fitting regression lines. The coeficients of the linear regressions are reported in Table3.
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  the frame of the Earth Observation Program, the European Spatial

	Agency (ESA) launched the satellite ENVironmental SATellite (ENVISAT) in
	March, 2002. It is the biggest satellite for Earth observation built until now. Data
	collected by ENVISAT are dedicated for Earth environmental and climate change
	analyses. ENVISAT embarks 10 instruments that allow a strict analysis of
	atmosphere, continents, oceans and ice of the planet (Wehr and Attema, 2001)
	including a nadir radar altimeter (RA-2 or Advanced Radar Altimeter). ENVISAT
	orbits a helio-synchronous circular orbit with an inclination of 98.5° and a 35 day
	repeat period. It fulfills a global cover of Earth within latitudes of ± 82.4° and an
	intertrack distance of approximately 80 Km at the Equator.

Table 1 :

 1 Technical Monograph 19, fourth ed., Virginia Polytechnic Institute and State Main characteristics of the Rio Negro basin

	University.
	WEHR, T. and E. ATTEMA. (2001). Geophysical validation of ENVISAT data
	products, Adv. Space Res. 28 (1), 83-91.
	ZELLI, C. (1999). ENVISAT RA-2 advanced radar altimeter: Instrument design
	and pre-launch performance assessment review, Acta Astronautica. 44, 323-
	333.

* : Am : Hot and humid with dry winter. ** : Af : Hot and humid with no dry season. *** : Aw : Hot and humid with short dry season.

Table 3 :

 3 Statistics of the comparison between the virtual stations and neighboring gauges

	Station name	A ± σ A	H 0 ± σ H (m)	χ (1)	E z (m) (2)
	São Félipe	0.970 ±0.005	63.404 ± 0.048	2.9	62.678 ± 0.16
	Barcelos	0.976 ±0.010	10.742 ± 0.073	1.0	10.016 ± 0.09
	Jatoba	0.590 ± 0.002	30.385 ± 0.016	3.6	29.659 ± 0.08
	Manaus	1.002 ± 0.005	-18.000 ± 0.123	2.3	-18.726 ± 0.29
	SP Olivença	0.966 ± 0.003	60.286 ± 0.029	7.1	59.560 ± 0.22
	Óbidos (Limni)	0.904 ± 0.01	-17.173 ± 0.031	1.6	-17.899 ± 0.07
	Óbidos (Auxiliary)	0.867 ± 0.01	-17.082 ± 0.031	4.7	-17.808 ± 0.07
				(3)	
	Óbidos/Óbidos	0.965 ± 0.001		30	
	A: all values	0.995 ± 0.001		3	
	B: outlier removed				
	2				
	(1):				
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