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Executive Summary
It has previously been found that the ocean ratioing algorithms for the retrieval of chlorophyll from satellite data do not work well in time or space for the Great Lakes.  A fundamentally different algorithm for the retrieval of color producing agents (CPAs) from satellite data has been developed by the Altarum Institute (formerly the Environmental Research Institute of Michigan (ERIM)) and the Nansen International Environmental and Remote Sensing Center (NIERSC) of St. Petersburg, Russia and tested on Lake Michigan.  The algorithm operates on either SeaWiFS or MODIS data and produces estimates of chlorophyll (chl), dissolved organic carbon (doc), and suspended minerals (sm).  The algorithm has undergone a preliminary validation using both dedicated and historical in situ water chemistry measurements.  The algorithm presently underestimates the amount of chlorophyll, however, the algorithm successfully observes the correct seasonal trends of all three color producing agents.  The present shortcoming of the algorithm lies in the fact that the hydro-optical model used in the algorithm was generated for Lake Ontario waters.

This proposal addresses a proposed collaboration between Altarum, NIERSC and GLERL to further develop the algorithm so that meaningful estimates of chl, doc, and sm can result from MODIS satellite data for all of the Great Lakes, especially Lake Erie which is optically more complex.  Historical radiometric observations with coincident in situ water chemistry collected by GLERL in Lake Michigan will be used to update the hydro-optical model presently used in the algorithm.  Optical measurements and coincident water samples planned on Lake Erie in the summer of 2005 will allow the development of a hydro-optical model for Lake Erie.  The algorithm will then be tested with MODIS satellite data acquired coincident with field sampling.  GLERL’s extensive archive of chl, doc, and sm data collected throughout the Great Lakes will serve as validation values for the new improved algorithm.  The anticipated results (objective) of this proposed collaborative investigation will be a set of validated robust algorithms for the retrieval of CPAs from all of the Great Lakes.
2.  Scientific Rationale
2(a) Description:  This section summarizes the developed Great Lakes specific algorithm.  A more detailed description is given in (Pozdnyakov et al. 2004).  The new algorithm utilizes SeaWiFS or MODIS satellite data to retrieve the concentrations of chl, doc, and sm in surface case II waters. 
The fast operating algorithm is based both on a previously developed hydro-optical model developed for Lake Ontario (Bukata et al. 1995) and a combination of the Levenberg-Marquardt (L-M) multivariate optimization approach and neural network (NN) emulation technique.  The reason for linking these two computational tools resides in our finding that although in comparison with NN, the L-M technique generally provides more accurate results, and is more robust for noise-contaminated input data it, however, is slower than NN (Pozdnyakov et al. 2004).  This is primarily due to the necessity for the L-M procedure to test a wide variety of options of the CPA concentrations before reaching the final solution.  The NN emulator proceeds differently: after having been trained and validated, it provides the multivariate solution within a fraction of a second.  However, being reasonably accurate for the middle part of the range of the CPA concentrations generally found in mesotrophic to moderately eutrophic waters (Petrova 1990), it is less accurate for the CPA concentrations less than 5 (in respective concentration units).

Therefore, the reason of a sequential use of the NN and L-M procedures is prompted by the facility of the NN emulator to provide the L-M procedure with much narrower limits of the range of the CPA concentration vector, within which the final solution can be reached.  Understandably, this is bound to appreciably speed up the retrieval algorithm performance. The search for the solution can be further improved, if along with broad range (B-R) NN, a specially trained narrow-range (N-R) NN is used should any of the CPAs determined by the B-R NN falls into the range 0-5 (in respective concentration units).  This results in further speeding up of the L-M performance.

An example of the algorithm output is shown in Figure 1.
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Figure 1.  This Figure presents the spatial distributions of chl, doc, and sm as they are retrieved from a SeaWiFS image taken on March 24, 1998.  The retrieved data quantitatively illustrates the influence of the 1998 springtime episodic event, which resulted in a considerable resuspension of bottom sediments.  As seen in the Figure, the resuspension of sediments resulted in a pronounced growth of phytoplankton within the plume area, and very significant scavenging of doc from the water column produced by settling sm particulate matter.
2(b) Objectives: The objectives of this project are to: 1) update the current hydro-optical model and test on Lake Michigan,  2) make the needed measurements (optical and water chemistry) in Lake Erie to construct a hydro-optical model for use in a Lake Erie algorithm and test using MODIS satellite data.
2(c) Approach/Methods:  Using existing in situ water sampling and radiometric observations for Lake Michigan, the present hydro-optical model (used for Lake Michigan) will be updated.  The new model will then be validated using archived data from Lake Michigan and tested with a seven year archive of SeaWiFS data and compared with the output using the original hydro-optical model for Lake Michigan.  Moreover, optical measurements using a Satlantic profiling radiometer operating in the SeaWiFS and MODIS bands and water samples (processed for chlorophyll, DOC, and SM) will be made throughout the season in the western, central, and eastern basins of Lake Erie, which will be used to construct a hydro-optical model for the more optically complex Lake Erie waters that can be used in the algorithm described above (also see Pozdnyakov et al. 2004) to retrieve the three color producing agents form satellite data.  The algorithm will be tested with MODIS satellite data which will be collected coincident with field measurements and atmospherically corrected.
2(d) Relevance:  If validated, this project will contribute a robust algorithm(s) for the remotely sensed (satellite) detection and monitoring of water quality parameters (or rather their proxies phytoplankton chlorophyll, suspended minerals, dissolved organics) and their dynamics both in time and space  on the Great Lakes and produce quantitative estimates useful to other ecological system modelers and forecasters.
2(e) Collaboration/Linkages:  This project complements the Harmful Algal Bloom (HAB) portion of the Lake Erie (IFYLE) Program.  It also complements work undertaken in the Ocean and Human Health (OHH) Great Lakes Program to develop and distribute algorithms, data, models, warnings, etc. relevant to management, the public, and scientific community.  The MODIS image products can be distributed via the Great Lakes CoastWatch web site.

2(f) Governmental/Societal Relevance: If the three major color producing agents (chlorophyll, dissolved organics, and suspended minerals) and proxies for water quality parameters can be quantitatively measured and monitored concurrently from remotely sensed satellite data, the  public, managers, and the scientific community will have near real-time data to help access water quality, ecosystem vitality, economic and recreational potential, and quantitative estimates useful to other ecological system modelers and forecasters for work including primary productivity, transport and availability of toxic materials. 
3.  Project Timeline
April 1,2005 –Start update of current hydro-optical model using Lake Michigan data

May - September – Collect optical data and water samples (processed for Chlorophyll, DOC, and SM) on Lake Erie. 

October – December – Using  Lake Erie cruise (in situ) data, construct hydro-optical model for Lake Erie

December – April, 2006 - Test algorithm with MODIS satellite data and refine algorithm.
4.  Budget Request (see attached spreadsheet)

5.  Projected Vessel Time Needs
Vessel time for the collection of optical measurements and water samples in the western, central, and eastern basins of Lake Erie will be arranged and leveraged with other IFYLE projects.   The measurements should be made from a larger vessel outfitted with an articulated arm and windlass at or near the time of MODIS satellite overpass.  Successful measurements were made from the R/V Lake Guardian during the 2004 EPA Lake Erie cruise.
6.  Hazardous Materials
This project will not involve the use of radioactive/hazardous materials and will not generate hazardous waste.

7.  Curriculum Vitae (see attached)
8.  Current and Pending Support
Funding in the amount of $1,100 has been requested by George Leshkevich from GLERL sources to procure an atmospheric correction module (software) for the MODIS satellite imagery.
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