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1. Executive Summary

The Annex 4 Objectives and Targets Task Team was created in September 2013 with 25 binational members and Co-chaired by
Sandra George, Environment Canada, and Jeffrey Reutter, Ohio Sea Grant and Stone Lab, The Ohio State University. The goal of
the Task Team was to recommend revisions to phosphorus target concentrations and loads to Lake Erie needed to achieve the
Lake Erie Objectives prescribed by Annex 4 (Nutrients) of the Great Lakes Water Quality Agreement (GLWQA) Amendment of 2012.
Annex 4 seeks revised target loads and objectives for all of the Great Lakes, and calls for Lake Erie to be evaluated first because

of observed re-eutrophication beginning in the mid-1990s. The worsening condition has been manifested in three ways: a
reoccurrence of cyanobacteria blooms primarily in the Western Basin and primarily composed of the genus Microcystis; significant
hypoxia conditions in the Central Basin hypolimnion; and the reoccurrence of major Cladophora nuisance blooms (along the
northern nearshore of the Eastern Basin). These problems have occurred even when the overall annual target load of 11,000
metric tons of total phosphorus to the lake, as determined in 1978, has been met.

The Task Team agreed that the best way to determine phosphorus load management recommendations in the available time
frame was to convene a sub-team of modeling experts and compare and contrast the results from a suite of existing Lake Erie
models to quantify phosphorus load and eutrophication response relationships for the Lake Erie ecosystem. Utilizing nine
validated models allowed the Task Team to evaluate the impact of a combination of load reduction strategies on Western Basin
cyanobacteria blooms, Central Basin hypoxia, and Eastern Basin Cladophora. However, the Task Team also discussed the role of
factors other than phosphorus loads and associated in-lake concentrations in governing eutrophication indicators. These other
factors included nitrogen loads and concentrations, Dreissenid densities and impacts, and variations in annual precipitation and
tributary discharges. Additional considerations included the setting of in-lake phosphorus concentration objectives for nearshore
areas and the role that phosphorus bioavailability plays in governing the response of eutrophication response indicators to
phosphorus loads. The results of those discussions and considerations are also presented in this report.

The report is divided into eight sections:

Section 1:  Executive Summary

Section 2:  Introduction

Section 3:  Lake Erie Eutrophication and Nutrient Load Trends

Section4:  Ensemble Modeling Summary

Section5:  Task Team Recommendations for Eutrophication Response Indicator (ERI) Thresholds, Corresponding Loading
Targets, and Other Considerations

Section 6:  Conclusions

Section7:  References

Section 8:  Appendix

The Task Team discussed a number of eutrophication response indicators for the Western Basin cyanobacteria blooms and Central
Basin hypoxia. For cyanobacteria blooms the Task Team selected a target phosphorus load designed to produce a mild bloom
(<9600 metric tons algal dry weight), the size of that observed in 2004 or 2012, or smaller, 90% of the time.
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Cyanobacterial biomass for western Lake Erie based on measurement from satellite.
(Stumpf personal communication, updated from Stumpf et al., 2012).

The Task Team concluded that non-point source runoff from the Maumee River during the spring period of 1 March to 31 July
each year was the best predictor of cyanobacteria bloom severity based upon the work of the modeling Sub-Team and loading
data provided by the National Center for Water Quality Research at Heidelberg University. The Task Team used the 2008 water year
as the base year for calculating reduction percentages. The scientific community considers phosphorus load measurements for
2008 accurate, and the 2008 whole-lake annual TP load was 10,675 metric tons per annum (MTA), which is very close to the Lake
Erie target TP load of 11,000 MTA set in the 1978 Amendment to the GLWQA.

To achieve a bloom no greater than that observed in 2004 or 2012, 90% of the time, the Task Team recommends a total
phosphorus (TP) spring load of 860 metric tons and a dissolved reactive phosphorus (DRP) load of 186 metric tons from the
Maumee River. The 860 metric ton target is approximately a 40% reduction from the 2008 spring load of 1400 metric tons for TP
and 310 metric tons of DRP, and the 2008 target load corresponds to a Flow Weighted Mean Concentration (FWMC) of 0.23 mg/L
TP and 0.05 mg/L of DRP. Because discharge varies considerably from year to year, and because the discharge of the Maumee
River was so large in 2008 that it has only been exceeded about 10% of the time in the last 20+ years, the Task Team expects
that achieving a FWMC of 0.23 mg/L for TP and 0.05 mg/L for DRP will result in phosphorus loads below the targets (860 and 186
metric tons) 90% of the time (9 years out of 10), if precipitation patterns do not change.

The Task Team also found that smaller cyanobacteria blooms have been observed from satellite imagery at the mouths of the
Thames River (the 2011 phosphorus load from the Thames was 835 metric tons), River Raisin, Toussaint Creek, Portage River, and
near Leamington. As a result, the Task Team concluded that, a 40% load reduction for each of those tributaries is also warranted.
The 40% reduction target applies to all Western Basin tributaries unless there is a tributary program in place, which includes,
monitoring, modeling, and/or management plans that demonstrate that the tributary and rivermouth nutrient conditions do not
pose a cyanobacteria threat to adjacent nearshore water.

The Task Team agreed that bioavailable phosphorus was the most important target for reduction. DRP is 100% bioavailable and
Particulate Phosphorus (PP) is 25-50% bioavailable. However, while reducing DRP will produce greater impacts than reducing PP,
the models also showed that eliminating DRP with no reductions in PP would be insufficient to solve the problem. The Task Team
also observed that since the mid-1990s, the load of DRP from the Maumee and other tributaries has increased approximately
150%.

(2)
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For Central Basin hypoxia, the Task Team selected a target phosphorus load designed to raise the average August and September
hypolimnetic dissolved oxygen concentration to 2.0 mg/L or higher. This is the threshold for hypoxia and should result in
improvements to the Central Basin bottom habitat and reductions in internal loading of phosphorus from Central Basin bottom
sediments during periods of anoxia.

The models demonstrated that the annual load of phosphorus was a driver of Central Basin hypoxia rather than just the spring
load as was the case for Western Basin cyanobacteria blooms. Therefore, the targets for Central Basin hypoxia focus on annual
loads from all tributaries to the Western Basin, including the Huron Erie Corridor (HEC), and the Central Basin tributaries.

The table below summarizes the recommendations of the Task Team for phosphorus load reduction targets in Lake Erie to
achieve the desired eutrophication responses. More information on the approach and rationale for arriving at each of these
recommendations is discussed in the body of this report.

Summary of Phosphorus Load Targets recommended to achieve desired thresholds for eutrophication response indicators in Lake Erie.

| Spring (Mar-July) Annual

Western Basin Cyanobacteria - Bloom biomass less than or equal to 2004 or 2012 9 years out of ten, and/or reduce risk
of nearshore localized blooms

Maumee River

Total Phosphorus load 860 MT*
Dissolved Reactive Phosphorus load 186 MT*

Other Western Basin Tributaries and Thames River

Total Phosphorus load 40% reduction*
Dissolved Reactive Phosphorus load 40% reduction*

Central Basin Hypoxia — Aug -Sept Average Hypolimnetic Oxygen of 2 mg/L or more

Total Phosphorus load to Western and Central Basins, 6000 MT**
including Detroit River and atmospheric load)

Eastern Basin Cladophora - insufficient information to establish target

*to be met 90% of the time based on inter-annual flow variability for the March-July period.

*Note: Percent reductions are based on 2008 loads

**This represents a 40% reduction of annual loads to the Western and Central Basins, including the Detroit River and atmospheric
load.

For Eastern Basin Cladophora, the models demonstrated that open lake phosphorus concentrations in the Eastern Basin would
be reduced by the efforts to address cyanobacteria blooms and hypoxia, but the models of Cladophora-phosphorus uptake and
utilization were insufficiently developed to allow the Task Team to evaluate the impact of the reductions on Cladophora growth.
The models also were not able to predict the impact of any proposed Eastern Basin tributary load reductions on nearshore
growth. Therefore, while the Task Team believes improvements in Eastern Basin Cladophora densities may occur from reductions
targeting cyanobacteria blooms and hypoxia, the Task Team could not reach consensus on further tributary reductions at this
time. More research and model development will be required to allow us to address that issue.

O,
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Finally, the Task Team recognizes that there are intrinsic uncertainties associated with the estimated load-response relationships
supported by our ensemble modeling analysis. These uncertainties arise from the natural variability of the system (hydrology,
meteorology, ecological structure and function), and the fact that all models are simplifications of reality. The system response
predicted by the models provides the best available estimate of the load reduction needed to meet Annex 4 objectives, and
warrants the recommended action as a “no regrets” strategy. In recognition of the inherent uncertainties, the Task Team strongly
endorses adoption of a carefully-designed adaptive management process to track the response of the system, evaluate the
effectiveness of management efforts, and update management recommendations as we learn more about the processes
underlying the system response. This effort will require a monitoring program capable of tracking loading trends over time and
in-lake responses, as well as studies directed at learning more about processes that may be important, but are incompletely
understood. The Task Team also recommends updating the models at regular intervals as part of the adaptive management
process. The Coordinated Science and Monitoring Initiative (CSMI) cycle will provide opportunities for focused science and
monitoring but a 5-year interval will not be sufficient for an effective adaptive management process. The monitoring program
needed for the adaptive management approach must be capable of detecting critically important changes in precipitation
patterns and phosphorus loads. If the frequency of severe storms increases in the future as predicted by climate change models,
phosphorus loading to the lake will increase and the frequency and severity of cyanobacterial blooms will also increase, requiring
larger phosphorus load reductions than those recommended in this report. The recommended adaptive management approach
would detect these occurrences and allow for modification of target loads.

O,
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2. Introduction

In the late 1970s, a series of contemporary Great Lakes eutrophication models were applied to establish target phosphorus loads
for each of the Great Lakes and large embayments/basins. Those target loads were codified in the Control of Phosphorus Annex
(Annex 3) of the 1978 Amendment to the Great Lakes Water Quality Agreement (GLWQA). The models applied for that analysis
ranged from simple empirical relationships to kinetically complex, process-oriented models. In order of increasing complexity,
these included: Vollenweider’s empirical total phosphorus (TP) model (all lakes), Chapra’s semi-empirical model (all lakes),
Thomann's Lake 1 process model (Lake Ontario and Lake Huron), DiToro’s process model (Lake Erie), and Bierman'’s process model
(Saginaw Bay). The results of these model applications have been documented in the International Joint Commission (1JC) Task
Group lll report (Vallentyne and Thomas, 1978) and in Bierman (1980). The post-audit of several of these models in the mid-1980s
confirmed that they had established a good relationship between total phosphorus loading to a lake/basin/embayment and its
system-wide averaged TP and chlorophyll a concentration.

In 2006, as part of the Parties’ (United States represented by U.S. EPA, cand Canada represented by Environment Canada) review of
the Great Lakes Water Quality Agreement, a sub-committee of Great Lakes modelers (co-chaired by Joe DePinto, LimnoTech, and
David Lam, Environment Canada) conducted an examination of the data and models that were used to support the phosphorus
target loads specified in Annex 3 of the Agreement relative to the current status of the Lakes. The charge to this sub-group was to
address three questions:

(1
v
€

=

Have we achieved the target Phosphorus (P) loads in all of the Great Lakes?

Have we achieved the water quality objectives in all of the Great Lakes?

Can we define the quantitative relationships between P loads and lake conditions with existing models? Are the models
still valid on a whole lake basis or have ecosystem changes to the P-chlorophyll relationship occurred such that new or
updated models need to be run?

= —

The findings of this sub-group were that those models were aimed at whole lake eutrophication symptoms as they were
manifested at the time, but were now not sufficiently spatially resolved to capture the nearshore eutrophication being observed
throughout the lakes and did not represent the process formulations to capture the impacts of ecosystem structure and function
changes (e.g., Dreissenid impacts) relative to phosphorus processing and eutrophication responses in the lakes (DePinto et al.,
2006). There was a general recommendation for a concerted research, monitoring, and model enhancement effort:

«  to quantify the relative contributions of various environmental factors (total phosphorus loads, changes in the availability
of phosphorus loads, hydrometeorological impacts on temperature conditions and hypolimnion structure and volume,
Dreissena-induced alterations of nutrient-phytoplankton-light conditions and oxygen demand functions) to the
nearshore re-eutrophication of the Great Lakes; and

«  todevelop arevised quantitative relationship between these stressors and the recently observed eutrophication
indicators such as cyanobacteria blooms, enhanced hypoxia and nuisance benthic algal (e.g., Cladophora, Lyngbya)
growth.

The recent publication of the 2012 Protocol amending the Great Lakes Water Quality Agreement (United States and Canada, 2012)
includes an Annex 4 on nutrients, in particular on phosphorus control to achieve the following Lake Ecosystem Objectives (LEO)
related to eutrophication symptoms:

1. minimize the extent of hypoxic zones in the Waters of the Great Lakes associated with excessive phosphorus loading,
with particular emphasis on Lake Erie;

2. maintain the levels of algal biomass below the level constituting a nuisance condition;

maintain algal species consistent with healthy aquatic ecosystems in the nearshore Waters of the Great Lakes;

4. maintain cyanobacteria biomass at levels that do not produce concentrations of toxins that pose a threat to human or
ecosystem health in the Waters of the Great Lakes;

5.  maintain an oligotrophic state, relative algal biomass, and algal species consistent with healthy aquatic ecosystems, in the
open waters of Lakes Superior, Michigan, Huron and Ontario; and

w
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6. maintain mesotrophic conditions in the open waters of the western and central basins of Lake Erie, and oligotrophic
conditions in the eastern basin of Lake Erie.

The Annex set “interim” phosphorus concentration objectives and loading targets that are identical to the Annex 3 values
established in the 1978 Amendment. However, it requires that the “Parties, in cooperation and consultation with State and
Provincial Governments, Tribal Governments, First Nations, Métis, Municipal Governments, watershed management agencies,
other local public agencies, and the Public, shall:

(1) For the open Waters of the Great Lakes:
a. Review the interim Substance Objectives for phosphorus concentrations for each Great Lake to assess adequacy for
the purpose of meeting Lake Ecosystem Objectives, and revise as necessary;
b. Review and update the phosphorus loading targets for each Great Lake; and
c. Determine appropriate phosphorus loading allocations, apportioned by country, necessary to achieve Substance
Objectives for phosphorus concentrations for each Great Lake;
(2) For the nearshore Waters of the Great Lakes:
a. Develop Substance Objectives for phosphorus concentrations for nearshore waters, including embayments and
tributary discharge for each Great Lake; and
b. Establish load reduction targets for priority watersheds that have a significant localized impact on the Waters of the
Great Lakes.

The Annex also calls for research and other programs aimed at setting and achieving the revised nutrient objectives. The Parties
are to take into account the bioavailability of various forms of phosphorus, related productivity, seasonality, fisheries productivity
requirements, climate change, invasive species, and other factors, such as downstream impacts, as necessary, when establishing
the updated phosphorus concentration objectives and loading targets. It also states that concentration objectives and loading
targets are to be developed for other nutrients if required. Finally, it calls for the Lake Erie objectives and loading target revisions
to be completed within three years of the 2012 Agreement entry into force.

To assist the Parties in developing and applying an approach for accomplishing these Annex 4 mandates, an Annex 4
Subcommittee was formed. This Subcommittee in turn formed three task teams: an Objective and Targets Task Team, an
Agricultural Sources Task Team, and an Urban and Rural Sources Task Team. The charge to the Objectives and Targets Task Team
was to initially accomplish the following goals for Lake Erie:

« By November 2014, review and update Substance Objectives (phosphorus concentrations) for offshore waters and
develop Substance Objectives for nearshore waters

« By February 2015, review and update P loading targets for offshore waters and establish nearshore P load reduction
targets necessary to achieve Substance Objectives and allocate by country.

©
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Table 1. Summary of GLWQA commitments for Lake Erie. This table summarizes how the Nutrients Annex Sub Committee addresses the GLWQA
commitments. It is important to note that the targets presented below, by basin, work in concert not in isolation. All tributaries to Lake Erie,
including the Detroit River and the Huron-Erie Corridor contribute phosphorus loads to Lake Erie. In addition, the Western Basin loads contribute to
the Central Basin loads which contribute to the Eastern Basin.

GLWQA Commitment Recommended Target for Lake Erie Comments

1. for the Open Waters of the Great Lakes:
- Minimize the extent of hypoxic zones associated with excessive phosphorus loading (1)
+ Maintain the levels of algal biomass below the level constituting a nuisance condition (2)
- Maintain cyanobacteria biomass at levels that do not produce concentrations of toxins that pose a threat to
human or ecosystem health (4)
- Maintain mesotrophic conditions in the open waters of the western and central basins of Lake Erie, and
oligotrophic conditions in the eastern basin of Lake Erie (6)

(a) review the interim No new phosphorus concentration With achievement of the loading targets, the
Substance Objectives for objectives for the open waters are following P concentrations for the open waters are
phosphorus concentrations | recommended at this time. expected:

fo