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Abstract 

This document describes the background, processing, and products generated by the River and Lakes processing chain.  Detailed format specifications are given, together with a description of the xml code available for the RLH product.

Document Status Sheet 

Table 1 Document Status Sheet

	1. Document Title: ENVISAT-ERS Exploitation River and Lake Product Specification Document 

	2. Document Reference Number: DMU-RIVL-SPE-03-110

	3. Issue 
	4. Revision 
	5. Date 
	6. Reason for change 

	1
	0
	15/8/2003
	Created

	1
	1
	28/8/2003
	Description of RLA Product improved

	1
	2
	1/4/2004
	Updated description of RLH after file format change

	
	
	
	

	
	
	
	


Document Change Record 

Table 2 Document Change Record of changes made since issue 1/0

	Document Change Record 
	DCR No. 
	

	
	Date 
	1/4/2004

	
	Originator 
	J. Garlick

	
	Approved By 
	P.A.M. Berry

	1. Document Title 
	 Product Handbook

	2. Document Reference Number 
	DMU-RIVL-SPE-03-110

	3. Document Issue / Revision Number 
	1/2

	4. Page 
	5. Paragraph 
	
	

	10

7

8

9
	4.2.1

3

4.1.1

4.1.5


	Description of RLA Product improved and product file naming convention changed slightly.

Sample products plot updated to use second release product data

Description of RLH_CHD record structure updated to reflect changes in the product format

Table showing RLH_CHD record structure updated to show the changes in the product format


	


Table of Contents

iiiAbstract

Document Status Sheet
iv
Document Change Record
vi
Table of Contents
vii
List of Figures
viii
List of Tables
ix
1
Introduction
1
2
Background
2
2.1
Ocean processing
2
2.2 
Inland Water
4
3
Processing
5
4
Product Structures
8
4.1
River / Lake Hydrology (RLH) Product
8
4.1.1 Definition
8
4.1.2 Overall Structure
8
4.1.3 Processing Header (RLH_PH)
9
4.1.4 Crossing Header (RLH_CH)
9
4.1.5 Crossing Height Difference record (RLH_CHD)
9
4.2
River / Lake Altimetry (RLA) Product
10
4.2.1 Definition
10
4.2.2 Overall Structure
10
A. 2.2 Processing Header (RLA_PH)
11
A. 2.3 Region Header (RLA_RH)
12
A. 2.4 Altimeter Return record (RLA_AR)
12
5
XML Product
14
5.1
RLH Product Schema
14
5.2
Graphical XML schema representation
16
6
References
17



List of Figures

2Figure 1 Theoretical ocean echo

Figure 2 Range to height conversion
3
Figure 3 Example inland water echoes from ERS-2
4
Figure 4 ERS-2 Cycle 5 Altimeter coverage over Lake Victoria
6
Figure 5 Height difference from mean for sample products over Lake Victoria
7
Figure 6 Outline of RLH Product
8
Figure 7 Outline of RLA Product
10
Figure 8 Graphical XML schema representation
16




List of Tables

ivTable 1 Document Status Sheet

Table 2 Document Change Record of changes made since issue 1/0
vi
Table 3 Overall structure of the RLH Product
8
Table 4 Structure of the RLH Processing Header
9
Table 5 Structure of the RLH Crossing Header
9
Table 6 Structure of the RLH Crossing Height Difference record
9
Table 7 Overall structure of the RLA Product
11
Table 8 Structure of the RLA Processing Header
11
Table 9 Structure of the RLA Region Header
12
Table 10 Structure of the RLA Altimeter Return record
13



1
Introduction

This document describes the hydrology products derived from ERS-1/2 and Envisat satellite altimeter data.  The document contains five sections including this introduction.  In Section 2, the background of satellite altimetry is briefly described.  Section 3 discusses the processing applied to these data to extract meaningful heights over inland water.  In Section 4, the detailed product specification and formatting are defined.  Section 5 contains information on the xml front end available for the general user hydrology product.

2
Background

Satellite altimetry has been used for many years to monitor the surface of the ocean  and, more recently, the cryosphere.  Increasingly, data from land surfaces are being examined.  Because altimeters are low bit rate instruments, returning a comparatively small datastream, the current generation of instruments have gathered data over both ocean and land surfaces.  Over the past decade, ERS-1, ERS-2 and, more recently the ENVISAT  mission, have provided altimeters which are engineered to collect data from varying topographic surfaces in addition to their primary mission of open ocean measurements. This has now allowed the extraction of long time series of data over inland water. 

2.1
Ocean processing

The principles of radar altimetry as it applies over the ocean are briefly discussed here.  A series of short pulses of microwave energy are directed towards the surface from the radar altimeter.  The returning echoes are collected and processed. The two way travel time of each signal gives the range from the satellite to the surface. Typically, a number of echoes are averaged on board the satellite, to give each of the series of meaned echoes transmitted from the satellite to the receiving station. Over the ocean, the echo shape confirms to a mathematical model, and echoes can therefore be analysed and fitted to this ‘Brown model’.  This allows a precise estimate to be made in the returned echo of that point on the echo which corresponds to the position of the mean surface.  This in turn allows the range to surface to be calculated very precisely.  This is illustrated in Figure 1.
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Figure 1 Theoretical ocean echo

Further processing is then performed, with the addition of corrections for the signal propagation through the atmosphere, and instrument and surface effects.   An orbit model is used to determine the position of the satellite with respect to a simple ellipsoidal approximation to the shape of the earth. Combining this information with the corrected range data allows the height of the ocean surface to be calculated with respect to the ellipsoid model.  The addition of tidal data, and a geoid model (which gives the height of the mean sea surface) allows analysis of height differences to be performed.  This process is illustrated in Figure 2.
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Figure 2 Range to height conversion

This technique has not only provided a huge amount of information about the earth’s oceans, but also has transformed our understanding of ocean geodesy.  

2.2 
Inland Water

Over non-ocean surfaces, no single mathematical equation is appropriate.  Over the earth’s land surface, the complex and rapidly changing nature of the terrain gives rise to very complicated echo shapes.  With inland water, large lakes can return echoes which approximate to ocean surface returns:  these echoes can be analysed in the same way as for the open ocean.  However, over smaller water bodies, close to the shore and over rivers, the surrounding topography can have a major impact on the echo shape returned to the altimeter, distorting it so that the ocean ‘Brown model’ is not appropriate.  The presence of islands and sandbars also distorts the echo shape.  In consequence, the analysis and interpretation of inland water echoes requires that accurate range to surface information be determined for echoes of widely varying shape. This is illustrated in Figure 3.
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Figure 3 Example inland water echoes from ERS-2

3
Processing

The approach taken in the processing of data for these products is to use a series of different reprocessing algorithms, depending on the characteristics of the echo shape returned over inland water.  These seek to compensate for the presence of land contamination within the echo, and also for the presence of still water, which returns a bright, quasi-specular echo shape.

In order to obtain heights of inland water, several processing functions are performed.  The first is data ingestion and pre-processing.  The second, crucial step is the re-analysis of each individual echo over inland water to optimise the range to surface by characterising the echo shape and selecting one of several ‘retracking’ algorithms.  This function is performed automatically by the system.

In the same way as for altimeter data obtained over the ocean, in order to transform the range estimates into orthometric heights, these ranges must first be combined with orbit data, and corrections applied for the radar pulse propagation through the atmosphere.  Instrument and surface related corrections, and a tidal model, then are applied, and finally a global geoid model is used to model mean sea level under the continental surfaces, and thus transform the ellipsoidal heights to orthometric heights.

Two products are provided by this system.  One product is directed towards experienced users of .altimeter data.  It is recognised that this user group may have access to in-house orbit determination software and/or data, atmospheric models or in-situ data, and local geoid models.  Accordingly, this product has been designed so that the values of the model data applied to the orthometric heights are given in the product so that they may be replaced with alternative values. As these users are accustomed to binary data, this product is formatted accordingly.  Details of the product format are given in Section 4.

The second product is designed for use by a wider community, who may not be familiar in detail with altimeter data.  This product is configured such that the values can be used directly; it is therefore presented in plain ASCII format, specified in Section 4, or alternatively in XML format which is described in Section 5.  The geoid model values used in the height determination are, however, provided, since it is recognised that the high frequency component of the gravity field in a global geoid model, particularly in poorly surveyed areas, will be less accurate than those from a regional geoid model based on in-situ data. This value can therefore be replaced, enabling a correction to the mean height value to be made.  Because the information for each crossing point is provided as a height difference from a mean value, errors in the geoid model will not affect this value.

As an illustration, in Figure 4, Lake Victoria is shown, with all processed data from cycle 5 of ERS-2 plotted in red.  Because some data, particularly close to coastlines and near islands, are badly affected by echo distortion and cannot be used to generate reliable height estimates, a series of filtering procedures are performed on data from each crossing to exclude these points. This procedure also eliminates data not actually over the target (the initial selection is always set wide to allow for seasonal variation and flooding events).   The result for this dataset is plotted in yellow, and superimposed on the unfiltered data.  Over this large target, the majority of the datapoints are accepted and are used in the mean height estimates.
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Figure 4 ERS-2 Cycle 5 Altimeter coverage over Lake Victoria

Data from the ERS-2 mission provide a continuous time series from the mission commencement in 1995.  To illustrate the time series potential, Figure 5 shows the data processed to date over Lake Victoria from the ERS-2 mission.
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Figure 5 Height difference from mean for sample products over Lake Victoria

4 Product Structures


4.1
River / Lake Hydrology (RLH) Product

4.1.1 Definition

This product consists of a single file for each river crossing with a processing header record containing processing information, a crossing header record containing information about the river crossing and a series of crossing height difference records, one for each cycle in which a height for the crossing is available. The product is distributed in plain ASCII text format. A newline character (ASCII code 10) separates each record in the file.
Each field in a record is separated by one or more spaces. Fields are fixed length, padded with additional spaces where required.

The processing header record contains the product file name, the time in UTC that the product was produced, the version of the software used to create the product and the name of the processing centre that created the product.

Figure 6 Outline of RLH Product

The crossing header record contains the mean latitude and longitude of the river or lake crossing, the mean orthometric height and the number of data records. The mean orthometric height is calculated from all available crossing point heights for an integer number of years. 

Each crossing height difference record contains the date on which the record was measured, the height difference from the mean, and the location of the individual crossing point reading. The date is provided as three fields; day, month and year. The height difference is given to eliminate the effect of any geoid errors on the dataset. The location of the individual crossing point is provided as latitude and longitude fields, and gives the mean location of all the altimeter echoes that went into the creation of the height given in this record. Due to many factors the individual altimeter echoes used to generate a height can vary from orbit to orbit.

The convention used to identify a product in its file name is as follows: 

ALT_<5 digit latitude in millidegrees>[NS]<6 digit longitude in millidegrees>[EW]_L3_P.RLH

Example: ALT_13983S062615W_L3_P.RLH 

4.1.2 Overall Structure

	N
	Description
	Data Type
	Dim
	Byte Length

	1
	Processing Header
	RLH_PH
	1
	80

	2
	Crossing Header
	RLH_CH
	1
	30

	3
	Crossing Height Difference
	RLH_CHD
	Variable
	36


Table 3 Overall structure of the RLH Product

4.1.3 Processing Header (RLH_PH)

	N
	Description
	Units
	Data Type
	Dim
	Byte Length
	Byte Position

	1
	Product file name
	-
	uc
	32
	32
	1

	2
	Processing time
	-
	uc
	24
	24
	33

	3
	Software version
	-
	uc
	8
	8
	57

	4
	Processing centre
	-
	uc
	16
	16
	65

	
	Size (in bytes)
	
	
	
	80
	


Table 4 Structure of the RLH Processing Header
4.1.4 Crossing Header (RLH_CH)

	N
	Description
	Units
	Data Type
	Dim
	Byte Length
	Byte Position

	1
	Latitude
	Degrees
	real
	1
	9
	1

	2
	Longitude
	Degrees
	real
	1
	9
	10

	3
	Reference height
	M
	real
	1
	9
	19

	4
	Number of records
	-
	integer
	1
	3
	28


Table 5 Structure of the RLH Crossing Header

4.1.5 Crossing Height Difference record (RLH_CHD)

	N
	Description
	Units
	Data Type
	Dim
	Byte Length
	Byte Position

	1
	Day
	-
	integer
	1
	3
	1

	2
	Month
	-
	integer
	1
	3
	4

	3
	Year
	-
	integer
	1
	5
	7

	4
	Height Difference
	M
	Real
	1
	7
	12

	5
	Mean latitude of altimeter echoes
	Degrees
	Real
	1
	9
	19

	6
	Mean longitude of altimeter echoes
	Degrees
	Real
	1
	9
	28


Table 6 Structure of the RLH Crossing Height Difference record

4.2
River / Lake Altimetry (RLA) Product

4.2.1 Definition

This product consists of a file for each altimeter orbit over a specific inland water location. Each file contains a single processing header record containing processing information, a single region header record containing information on the region covered by the file, and a series of altimeter return records. There is one altimeter return record for each altimeter return detected by the processing chain as being over the inland water location. Each record consists of time, location and height along with a number of the corrections used to generate the height. The product is distributed in little-endian binary format. 

The processing header record contains the product file name, the time in UTC that the product was produced, the version of the software used to create the product and the name of the processing centre that created the product.

The region header record contains the minimum (southernmost) latitude, and the minimum (westernmost) longitude of the records in the file, the latitude and longitude region size, the cycle number and the phase letter.

Figure 7 Outline of RLA Product

Each altimeter return record contains the date of the measurement to the nearest minute, the geographical coordinates of each data point, the height above mean sea level for the point, the geoid elevation used to convert range from satellite into orthometric height, the ionospheric range correction, the wet tropospheric range correction, the dry tropospheric range correction, a combined value for the elastic and ocean loading tide and the solid earth tide. The date information is included to uniquely identify each track segment while the inclusion of the various corrections enables the user to use their own values for the geoid and the corrections to produce a more accurate height value. 

The convention used to identify a product in its file name is as follows: 

ALT_<5 digit latitude in millidegrees>[NS]<6 digit longitude in millidegrees>[EW]_L3_B.RLA

Example: ALT_01396S_032169E_L3_B.RLA

4.2.2 Overall Structure

	N
	Description
	Data Type
	Dim
	Byte Length
	Byte Position

	1
	Processing Header
	RLA_PH
	1
	80
	1

	2
	Region Header
	RLA_RH
	1
	16
	81

	3
	Altimeter Return Record
	RLA_AR
	Variable
	36
	97


Table 7 Overall structure of the RLA Product

4.2.3 Processing Header (RLA_PH)

	N
	Description
	Units
	Data Type
	Dim
	Byte Length
	Byte Position

	1
	Product file name
	-
	uc
	32
	32
	1

	2
	Processing time
	-
	uc
	24
	24
	33

	3
	Software version
	-
	uc
	8
	8
	57

	4
	Processing centre
	-
	uc
	16
	16
	65

	
	Size (in bytes)
	
	
	
	80
	


Table 8 Structure of the RLA Processing Header

4.2.4 Region Header (RLA_RH)

	N
	Description
	Units
	Data Type
	Dim
	Byte Length
	Byte Position

	1
	Minimum Latitude
	degrees
	ss
	1
	2
	1

	2
	Minimum Longitude
	degrees
	ss
	1
	2
	3

	3
	Latitude region size
	degrees
	us
	1
	2
	5

	4
	Longitude region size
	degrees
	us
	1
	2
	7

	5
	Cycle Number
	-
	us
	1
	2
	9

	6
	Phase Letter
	-
	uc
	1
	1
	11

	7
	Spare
	-
	uc
	5
	5
	12

	
	Size (in bytes)
	
	
	
	16
	


Table 9 Structure of the RLA Region Header

4.2.5 Altimeter Return record (RLA_AR)

	N
	Description
	Units
	Data Type
	Dim
	Byte Length
	Byte Position

	1
	Minute
	-
	us
	1
	2
	1

	2
	Day
	-
	us
	1
	2
	3

	3
	Month
	-
	us
	1
	2
	5

	4
	Year
	-
	us
	1
	2
	7

	5
	Latitude
	(degrees
	sl
	1
	4
	9

	6
	Longitude
	(degrees
	sl
	1
	4
	13

	7
	Height
	mm
	sl
	1
	4
	17

	8
	Geoid Elevation
	mm
	sl
	1
	4
	21

	9
	Ionospheric range correction
	mm
	ss
	1
	2
	25

	10
	Wet tropospheric range correction
	mm
	ss
	1
	2
	27

	11
	Dry tropospheric range correction
	mm
	ss
	1
	2
	29

	12
	Elastic and ocean loading tides (combined)
	mm
	ss
	1
	2
	31

	13
	Solid earth tide
	mm
	ss
	1
	2
	33

	14
	Spare
	-
	uc
	2
	2
	35

	
	size (in bytes)
	
	
	
	36
	


Table 10 Structure of the RLA Altimeter Return record

5
XML Product

5.1
RLH Product Schema 
<?xml version="1.0" encoding="ISO-8859-1"?>
<xs:schema targetNamespace="http://www.esa.int/riverlake" xmlns:xs="http://www.w3.org/2001/XMLSchema" xmlns="http://www.esa.int/riverlake" elementFormDefault="qualified">

<xs:element name="product">


<xs:annotation>



<xs:documentation xml:lang="en">RLH Product</xs:documentation>


</xs:annotation>


<xs:complexType>



<xs:sequence>




<xs:element ref="header" />




<xs:element ref="drs" />



</xs:sequence>


</xs:complexType>

</xs:element>

<xs:element name="header">


<xs:annotation>



<xs:documentation xml:lang="en">Header</xs:documentation>


</xs:annotation>


<xs:complexType>



<xs:sequence>




<xs:element name="name" type="xs:string">





<xs:annotation>






<xs:documentation xml:lang="en">RLH Product Filename</xs:documentation>





</xs:annotation>




</xs:element>




<xs:element name="lat" type="xs:float">





<xs:annotation>






<xs:documentation xml:lang="en">Latitude (degrees)</xs:documentation>





</xs:annotation>




</xs:element>




<xs:element name="lon" type="xs:float">





<xs:annotation>






<xs:documentation xml:lang="en">Longitude (degrees)</xs:documentation>





</xs:annotation>




</xs:element>




<xs:element name="href" type="xs:float">





<xs:annotation>






<xs:documentation xml:lang="en">Reference Height</xs:documentation>





</xs:annotation>




</xs:element>




<xs:element name="drn" type="xs:integer">





<xs:annotation>






<xs:documentation xml:lang="en">

Number of Data Record contained within the Data Record Set

</xs:documentation>





</xs:annotation>




</xs:element>



</xs:sequence>


</xs:complexType>

</xs:element>


<xs:element name="drs">


<xs:annotation>



<xs:documentation xml:lang="en">Data Record Set</xs:documentation>


</xs:annotation>


<xs:complexType>



<xs:sequence>




<xs:element ref="dr" maxOccurs="unbounded" />



</xs:sequence>


</xs:complexType>

</xs:element>


<xs:element name="dr">


<xs:annotation>



<xs:documentation xml:lang="en">Data Record</xs:documentation>


</xs:annotation>


<xs:complexType>



<xs:sequence>




<xs:element name="day" type="xs:integer">





<xs:annotation>






<xs:documentation xml:lang="en">Day</xs:documentation>





</xs:annotation>




</xs:element>




<xs:element name="month" type="xs:integer">





<xs:annotation>






<xs:documentation xml:lang="en">Month</xs:documentation>





</xs:annotation>




</xs:element>




<xs:element name="year" type="xs:integer">





<xs:annotation>






<xs:documentation xml:lang="en">Year</xs:documentation>





</xs:annotation>




</xs:element>




<xs:element name="hdiff" type="xs:float">





<xs:annotation>






<xs:documentation xml:lang="en">Height Difference (meters)</xs:documentation>





</xs:annotation>




</xs:element>



</xs:sequence>



<xs:attribute name="num" type="xs:integer" use="required" />


</xs:complexType>

</xs:element>

</xs:schema>
5.2
Graphical XML schema representation
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Figure 8 Graphical XML schema representation
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