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 Lakes are vital 
component of Egypt’s 
water resources

 Pressure of diverse, 
multiple uses creates 
potential for conflict 
and degradation

 Need for accurate, 
reliable lake water 
quality information



Lake ManzalahLake Manzalah

 Physical Characteristics


 

Largest of Egypt’s coastal 
lagoons

– Total area ~1000 km2

– Free water surface ~500 km2



 

~1000 islands


 

Average depth ~1.3m


 

Several openings to 
Mediterranean Sea



 

Inflow of agricultural drainage 
water and wastewater



 

Population  of 8 Million in area 
surrounding Lake Manzalah



Lake ManzalahLake Manzalah

 Resources 


 

Fisheries


 

Aquaculture


 

Wetland habitat

 Pressures


 

Receptor for agriculture 
drainage, municipal sewage 
and industrial wastewater 



 

Land reclamation


 

Invasive plant species



Monitoring and Information NeedsMonitoring and Information Needs
 Current monitoring 

program


 

Monthly in-situ 
measurements of water 
quality in drains and canals 
leading into Lake Manzalah

 Required information


 

Knowledge of spatial and 
temporal variability of 
water quality in lake



 

Information on surface 
cover status and change, 
incl. land reclamation and 
vegetation overgrowth

Drains
Canals
Sampling stations

No routine 
measurements in lake



Project ObjectivesProject Objectives

 Demonstrate utility of EO for water quality monitoring 
and integrated water resources management (IWRM) in 
Egypt

 Show pathways for integration of EO into existing 
monitoring operations 

 Build resident capacity to perform EO-based monitoring 
and exploit EO-based products for IWRM

 Explore opportunities for long-term funding (e.g. AfDB, 
CIDA, national) to sustain EO-based monitoring of all 
major water bodies in Egypt



Contribution of Earth Observation (EO)Contribution of Earth Observation (EO)

 Systematic measurement of 
water quality over large areas

 Spatio-temporal variability of 
water quality 

 Information on surface cover 
conditions and change

 Identification of critical areas 
(pristine/impaired) and trends

 Integration with in-situ data 



EOEO--Derived ProductsDerived Products
Water Quality Product Resolution Frequency of Product 

Generation 

Turbidity (TUR)  300 m Weekly  

Concentration of suspended 
sediments (TSS)  300 m Weekly  Water 

Constituents 

Concentration of chlorophyll-a 
(CHL)  300 m Weekly  

Aquatic vegetation cover 
(AVC)  30 m Quarterly Surface 

Cover 
Areas of reclaimed land (ARL) 30 m Semi-annually 

 



Process FlowsProcess Flows



Relative Products Relative Products -- CHLCHL
Band ratio:
MERIS Band 9/Band 7
May 2 - 27, 2006

Consistently high value may 
indicate persistently high 
chlorophyll-a concentration



Change in Free Water SurfaceChange in Free Water Surface



2007 Field Campaign2007 Field Campaign
 

+ Planned sampling locations (54)
+ Actual sampling locations (44) 
 Launch sites 

0 10 km

Damietta   

Port Said 
 

Apr. 30

May 1

May 2

May 3



2007 Field Campaign2007 Field Campaign


 

Real-time water quality 
measurements (using hydrolabs)

– Temperature
– pH
– TUR [NTU]
– TDS [g/l]
– CHL [mg/l]
– Specific conductivity uS/m
– Dissolved oxygen (concentration, 

saturation)



 

Water depth [m]


 

Bottom substrate


 

Observations of land use and land 
cover



 

Photographs and videos



 

A1 B 

C 

D 

E 

A 

C1 

Water Quality ZonesWater Quality Zones



20072007--2005 Results2005 Results



20072007--2005 Results2005 Results
 Statistically significant relationships between in-situ 

data and EO-derived products 


 

Potential to capture spatio-temporal variability of water quality 
parameters



 

Value of data increases with length of time series

 Current in-situ and EO data not sufficient to build 
robust empirical relationship


 

Concurrent EO and in-situ data is required

 Integration of real-time water quality (RTWQ) and EO 
technologies


 

Calibration/validation of EO-derived water quality products


 

Information for water management



InIn--Situ and EO Data IntegrationSitu and EO Data Integration

Improved water 
resources 

management



 

Better management scenarios


 

Enhanced sharing of information between 
stakeholders



 

Improved water quality forecasts and 
resource allocation

In-situ monitoring Satellite monitoring

Improved water 
quality monitoring



 

Spatial dimension and temporal 
variability of  water quality parameters



 

Trends, critical areas



InIn--Situ and EO Data IntegrationSitu and EO Data Integration



EO DataEO Data

 Primary data source is 
MERIS


 

Access to FR data from 
background mission



 

Access of subsets via ftp site 
(26 scenes since Oct. 2008)

 Secondary data source is 
MODIS


 

Access via NASA LAADS (32 
scenes since Oct. 2008)



InIn--Situ EquipmentSitu Equipment

 Technical specifications for in-situ stations and data 
retrieval


 

Water quality probes


 

Data logger


 

Satellite communications


 

Ancillary equipment (pyranometer, camera)


 

Software, solar panels

 Assessment of technology options and procurement


 

Recommended system configuration


 

Purchase of equipment


 

System programming and testing



Deployment of InDeployment of In--Situ EquipmentSitu Equipment
 Sites must be representative of larger areas



 

Focus on large water bodies with little aquatic vegetation

 Access to site must be easy for installation and 
maintenance


 

Nearshore locations

 Equipment must be secure


 

Suitable housing/casing


 

Engage local residents

 Focus on what is essential to achieve objectives


 

Capture potential improvements in documentation


 

As simple as possible, as complicated as necessary



Potential Deployment SitesPotential Deployment Sites



EOEO--Based Information ExtractionBased Information Extraction

 Concurrent use of analytical and empirical approaches 
to build on past work and exploit synergies

 Analytical modelling


 

Input
– Water inherent optical properties
– RTWQ measurements
– Satellite reflectances (uncorrected)



 

Model
– Radiative transfer model
– Neural network



 

Output
– Atmospherically corrected satellite reflectances
– Concentrations of chlorophyll-a, total suspended matter and 

dissolved organic matter



EOEO--Based Information ExtractionBased Information Extraction

 Empirical modelling


 

Input
– RTWQ measurements
– Satellite reflectances (uncorrected/corrected)
– Output from analytical models (corrected satellite reflectances and 

water quality output)



 

Model
– Regression analysis (quantitative products)
– Decision tree analysis (water quality categories)



 

Output: RTWQ parameters
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