Project title: Time series measurements in Lake Erie

Principal Investigator:  Nathan Hawley 25%

Project type: New

Project Category: A

Project start date: 2005                Project end date: 2010

Environmental prediction: 100%

Summary:

Time series measurements of waves, currents, water temperature, dissolved oxygen, and water turbidity will be made in conjunction with scientists at CCIW at 11 stations located in the three basins of Lake Erie between April and October.  Observations will also be made at 2 stations (#7 and 12) during the winter of 2005-2006.  The observations will be used to assess the extent of the hypoxic zone in the lake, to assess the inter-annual variability of the hypoxic zone, to determine the exchange of water and suspended material between the basins, and to assess the frequency and magnitude of sediment-water exchange in the lake.  The observations will also be used to refine the present lake circulation model and to develop a coupled physical-biological model of the lower food web.

Proposed work for 2005:

A series of moorings will be deployed in Lake Erie to make time series measurements of waves, currents, suspended sediment concentration, water temperature, and dissolved oxygen (see table and chart for mooring locations and instrumentation).  Two of these moorings (the ones in the center of the eastern and central basins, # 7 and 12) will be occupied continuously from 2005-2008.  The others will be deployed during May-October of 2005,2006, and 2007.  The work proposed here does not include Ruberg’s real-time stations (#2 and 6, in red), but will be coordinated with the moorings deployed by CCIW (in blue).  The moorings will be deployed in April and May, serviced at monthly intervals, and retrieved during September and October, except for stations 7 and 12, which will be redeployed over the winter.  In addition to the instruments listed in the table, a SonTek current meter will make turbulence measurements at station 7 (to aid a project being conducted by Canadian scientists), and a vertical profiler will be deployed during the summer at station 12.  An in situ particle size analyzer will be deployed at station 7 during the summer months.  

Vertical profiles of water transparency, temperature, dissolved oxygen, fluorescence, and solar radiation will be made at each site during the servicings, and water samples will be collected for total suspended material. Sediment traps will be mounted on the moorings and collected at monthly intervals, and bottom samples will be collected for particle size analysis 4 times during the year.  Data will be collected from the instruments during the monthly cruises, reduced, and posted on the Lake Erie web site as it becomes available, but extended analysis will not begin until after the moorings are retrieved in 

October.

Project Rationale:

The major theme of GLERL’s Lake Erie program is the effect of hypoxic conditions in the lake on food web dynamics.  In particular, the effects of hypoxia in the central basin on fisheries production and exotic species have been highlighted as one of the primary focuses of the program.  Previous determinations of the extent of hypoxic conditions have relied on point measurements made several times a year at a limited number of stations.  Although valuable, the observations may be severely aliased and the resulting extrapolations of the extent of the hypoxic are qualitative at best.  Time series measurements of dissolved oxygen and water temperature are needed to better characterize the development and the extent of the hypoxic region during a single year, and to assess its inter-annual variability.  The research proposed here will address this need by deploying  (in conjunction with scientists at CCIW) 11 stations at which time series measurements of dissolved oxygen, water temperature, waves, currents, and water turbidity will be made between May and September.  Two stations will also be occupied throughout the year to provide continuity from one year to the next.  The oxygen, circulation, and temperature data collected by this program will be used to assess the extent and inter-annual variability of the hypoxic zone, and be used to develop numerical models of the dynamics of the hypoxic region.  Turbidity data will be used to assess the frequency and magnitude of sediment-water exchange, and to measure the transport of suspended material between the three basins in Lake Erie.  All of these processes need to be quantified if successful models of physical and biological processes in the lake are to be developed. 

Project relevance:

The observations made in this project will be used to address a number of the questions posed in the description of the Lake Erie program.  The temperature and oxygen measurements will be used to assess the extent of the hypoxic region as a function of time throughout the year, and to assess the inter-annual variability of the hypoxia.  The meteorological and circulation data will be used to determine whether or not particular physical conditions affect the timing, magnitude, and duration of the hypoxia.  The circulation and turbidity data will also be used to determine whether or not transport of water and suspended material from the western basin affects the hypoxic region in the central basin.  Sediment trap and turbidity data will be used to estimate the settling rates of suspended material to the bottom of the lake.  The turbidity data will help to parameterize the habitat availability for fish in the lake, while the wave and turbidity measurements will be used to assess the importance of sediment water exchange in the basin and to assess the magnitude and occurrence of sediment resuspension events.  In addition, the current and temperature measurements will be used to refine the existing lake circulation model, while the oxygen and temperature measurements will be used as input to a coupled physical-biological model of the lower food web.  Turbidity data will also be used as ground-truth for the development of remote-sensing algorithms.

Relevance to ecosystem forecasting:

The time series observations made as part of this project are needed to further the development of circulation models of the lake, and to develop a coupled physical-biological model of the lower food web.

Project linkages:  

The work proposed will be done in conjunction with scientists at CCIW, and will be an integral part of the Lake Erie Ecosystem program.

Timeline:

Field work:

February-April:  Prepare moorings

End of April: Retrieve winter moorings at stations 7 and 12 and redeploy

End of May: Deploy rest of moorings

June-September: Service moorings at monthly intervals, deploy vertical profiler (at station 12), and SonTek current meter (at station 7)

End of September: retrieve moorings at all stations except 7 and 12

October: retrieve moorings at stations 7 and 12, and redeploy for winter

Data reduction and analysis:

A limited amount of data reduction and analysis will be done throughout the year, but the bulk of the time series data will not available until the moorings are retrieved in September and October.  Results from the sediment traps, vertical profiles, total suspended material analyses, and other ancillary data will be reduced and posted on the web site as it becomes available.  Analysis of the data collected during the winter of 2004-2005, and the data collected by the Canadians in the summer of 2004 will begin in May, after all of the moorings are deployed.

Ship time needs: 1 week each month from April-October on the Laurentian or other large vessel to deploy and service the moorings

Special MIL resources: 6 ADCPs and the vertical profiler for May-October, and 2 ADCPs and 5 acoustic releases for the winter of 2005-2006
Special Computer Resources: None requested
Other Specialized Resources: None requested.
New Equipment: YSI 6600EDS multiparameter probe
No radioactive/hazardous materials will be used.
Some hazardous waste (used lithium batteries) will be generated.
CCIW sensors are in blue

GLERL real time sensors are in red

Other GLERL sensors are in black

mab = meters above bottom

Stations will be occupied from May-October.  Measurements will be made at least once/hour.  Some stations show no measurements at present but may be used in the future.

	Station number, depth
	Latitude and Longitude 
	Weather data
	Waves
	Currents
	Temperature
	Turbidity
	Oxygen

	1 

5m
	41.7635( N

83.3287( W
	
	
	
	
	
	

	2 

9m
	41.8288( N

83.1860( W
	Winds, air temp
	From adcp
	Adcp
	Eight  elevations
	Near-bottom
	Near-bottom

	3

10 m
	41.8090( N

83.9833( W
	
	
	
	
	
	

	4

 11m
	41.8065( N

82.5158( W


	 
	Pressure sensor
	Adcp


	1, 5, 10 mab


	1, 5, 10 mab
	

	5

 11m
	41.6745( N

82.6258( W
	 
	Pressure sensor
	Adcp


	1, 5, 10 mab
	1, 5, 10 mab
	

	6

 21 m
	41.7088( N

81.7153( W
	Winds, air temp
	From adcp
	Adcp
	Ten elevations
	Near-bottom
	Near-bottom

	7

23 m
	41.9350( N

81.6600( W


	Winds, air temp, solar radiation
	Pressure sensor
	Adcp


	14 Thermistors
	1, 10, 20 mab


	Near-bottom



	8

18 m
	41.8333 (N

82.2000( W
	 
	From adcp
	Adcp


	13 elevations
	Near-bottom
	Near-bottom

	9

22 m
	42.2500( N

81.2500( W
	
	From adcp
	Adcp
	12 elevations
	Near-bottom


	Near-bottom



	10

22 m
	41.8833( N

81.2500( W
	
	From adcp
	Adcp
	14 elevations
	Near-bottom


	Near-bottom



	11

19 m


	42.5000( N

81.2000( W
	
	
	
	12 elevations
	
	

	12

53 m
	42.5833( N

79.9167( W


	Winds, air temp, solar radiation
	Pressure sensor
	Adcp


	15 elevations
	1, 10, 20, 30, 40,50 mab


	

	14

13 m
	42.4200( N

80.4417( W
	
	
	Adcp


	5 elevations


	
	

	15

23 m
	42.1567( N

80.3000( W
	 
	
	Adcp


	14 elevations
	
	

	16

14 m
	42.2500( N

80.4500( W
	
	
	Adcp
	6 elevations
	
	


Stations 45005, 45132, and 45142 are shown on the map but not in the table.  These are meteorological stations maintained by either the National Bata Buoy Center (45005) or by Environment Canada (45132 and 45142). 

[image: image1.jpg]Lake Erie Mooring Locations

Port Stanley

Detroit

S
S
T

Windsor

@

Leami ngton

N

Monroe

a&\r/ /,g/\ ﬂée/vemnd

Vermilion

Sandusky

‘w\7 Vit

Port Dover /@,





