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Appendix 1: Dissolved Reactive Phosphorus 
The following appendix was included in this project’s Loading Analysis Plan (Ohio EPA, 2022) as 
that document’s Appendix B. It is reproduced in this report so that the final TMDL report contains 
all pertinent information used in project management decisions.  
 
It is understood that dissolved reactive phosphorus (DRP) is a significant driver of the Lake Erie 
harmful algal bloom (HAB) impairments this TMDL addresses. Ohio EPA received stakeholder 
comments concerned about DRP’s role in this project. State agency staff have been working with 
experts, research institutions, and funding sources to develop and support recommended research 
to better understand DRP. This appendix provides an overview of DRP and how we are addressing 
it in the TMDL. First, we summarize the background and importance of DRP’s influence on the 
occurrence of western Lake Erie harmful algal blooms (HABs). Then the uncertainties surrounding 
DRP export, instream processing (or cycling), and the ability to model DRP movement are 
described. Finally, actions taken to ensure this important parameter is addressed in this TMDL are 
discussed.  

The importance of DRP  
Modern conservation efforts throughout the later third of the twentieth century significantly 
reduced pollutants delivered to Lake Erie. Load reductions of sediment and total phosphorus 
exported from the lake’s tributaries were considered successful thanks to decades of improvement 
in wastewater treatment and agricultural soil conservation practices. These loading reductions 
largely addressed eutrophication and hypoxic conditions that occurred in the lake by the late 
1980s/early 1990s (Michalak et al., 2013; Baker et al., 2014a; Kane et al., 2014). 

Large summer algal blooms started increasing again in the mid-1990s/early 2000s (Conroy & 
Culver, 2005). The biomass of these blooms is dominated by toxin producing cyanobacterial 
(Brittain et al., 2000; Budd et al., 2002) and form what is now referred to as HABs. This 
phenomenon was termed Lake Erie’s “re-eutrophication” in Baker et al., 2014a and Kane et al., 
2014. Those studies examined correlations between tributary nutrient loads and phytoplankton 
biomass. They found that increased DRP from nonpoint sources had the strongest correlation to 
increasing prevalence of HABs. In 2012, scientists warned that if the pulses of DRP continue to be 
delivered to the lake at magnitudes seen in 2011, then that record setting sized HAB in Lake Erie, 
would be “a harbinger of future blooms” (Michalak et al., 2013). Studies since (e.g., Rowland et al., 
2021) have definitively confirmed increases in DRP during this time, especially as delivered by the 
Maumee River system. And subsequent Lake Erie summer HABs have indeed grown with the 2011 
record bloom being surpassed in 2015, see Figure A8.1 (Ohio EPA, 2020a; Wayne et al., 2015).  
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Figure A8.1: Western Lake Erie HAB severity observed since 2002. Adapted from figure by Dr. Rick Stumpf, NOAA 
National Centers for Coastal Ocean Science 

DRP has long been considered completely bioavailable for rapid assimilation and growth by algae 
(IJC, 1980), and focusing on bioavailable forms of P for eutrophication control has long been 
recommended (Sonzogni et al., 1982). Other fractions of total phosphorus are known to also have 
some, albeit reduced, level of availability for algal growth. Figure A8.2, from Baker et al., 2014a, 
provides an overview of which phosphorus species are considered bioavailable. To adequately 
address all available forms of phosphorus, the Annex 4 Subcommittee Objectives and Targets Task 
Team developed phosphorus reduction targets to meet Lake Erie HAB ecosystem objectives that 
include both total phosphorus and DRP (Annex 4, 2015). Since the development of those targets, 
Baker et al., 2019, suggested a single target of “total bioavailable phosphorus” to include the 
biologically available forms of particulate phosphorus. This metric counts 100 percent of DRP and 
25 percent of particulate phosphorus. The annual seasonal prediction of the western Lake Erie HAB 
size is primarily based on this measure of total bioavailable phosphorus delivered to Lake Erie from 
the Maumee River (Stumpf et al., 2016). A bioavailable phosphorus metric has not been fully 
adopted due to programmatic organization constraints and sampling considerations (Kalkhajeh et 
al., 2019).  
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Figure A8.2: Phosphorus speciation showing analyzed forms (underlined) and calculated forms (not underlined) 
for surface water applications. Shaded boxes represent forms considered more bioavailable to algae. From 

Baker, 2013a, used with permission. 

The uncertainties surrounding DRP transport 
This summary of the uncertainties of DRP transport is divided up into three subsections. First, DRP 
delivery from the landscape to the stream network is considered. Next explained are the knowns 
and unknowns of DRP transformations within the stream network as it travels to downstream 
endpoints, like Lake Erie. Finally, the challenges with various DRP modeling methods are outlined.  
 
DRP Land Based Sources  
Much recent research has been conducted on the question of why DRP increased from a low in the 
mid-1990s bringing about the lake’s current annual HABs. In 2015 researchers from USDA’s 
Agricultural Research Service provided a list of 25 “theories” about the cause, however they note 
that multiple factors and their interactions are most likely driving the changes seen in the system 
(Smith et al., 2015). These theories include a wide range of hypotheses including changes to 
agricultural lands or management practices, the climate, and invasive species.  
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Jarvie et al., 2017 found that the Maumee, Sandusky and River Raisin, watersheds of very different 
sizes, all experienced similar DRP loading shifts since the early 2000s. Net reductions of the 
particulate portion of total phosphorus and sediment were documented uniformly after 2002 while 
DRP increased. This study examined many factors outlined as “theories” in the Smith et al., 2015 
work. It attributed 65 percent of the DRP load increase to “increased source availability and/or 
increased transport efficiency of labile phosphorus [P] fractions.” The authors link that DRP load 
increase to a combination of changes in agricultural land management that has shifted the type of 
phosphorus export from agricultural fields. The authors highlight the following as the leading 
management causes for this shift: “reduced tillage to minimize erosion and particulate P loss, and 
increased tile drainage to improve field operations and profitability.” The remaining 35 percent of 
DRP load increase is attributed to higher runoff volumes with which increased tile drainage may 
also exacerbate. 

Additional research led by the United State Department of Agriculture’s Agricultural Research 
Service has highlighted these unintended consequences (Smith et al., 2018). The authors note that 
most farmers apply phosphorus at or below current recommendations. However, “wholesale 
agronomic changes (e.g., no-tillage adoption, crop cultivar advances, and fertilizer application and 
formation)” have been adopted while fertilizer recommendations have largely not changed. This 
points out the continued need for improvements in understanding the nexus of nutrient movement 
in relation to overall farming practices and new recommendations/communication to producers.  

The amount of legacy soil phosphorus, or soils with phosphorus content far greater than agronomic 
needs, presents another uncertainty of DRP delivery to Lake Erie. This build up on fields and in the 
edge of fields is often the result of prior nutrient applications and land management (Sharpley et al., 
2013). Legacy phosphorus is certainly contributing to loads being delivered to the Maumee River 
watershed with the amount of tile flow or overland runoff seemingly playing into the proportion of 
DRP (Osterholz et al., 2020). Edge-of-field studies by the Unites States Department of Agriculture - 
Agricultural Research Service continues in the Maumee watershed to quantify the magnitude and 
mechanisms of legacy phosphorus movement (ARS, 2020).  

Recent Maumee Watershed modeling has suggested that legacy “soil sources” of phosphorus are 
contributing between 19 and 27 percent of DRP discharged from the watershed (Kast et al., 2021). 
Many assumptions are required for this modeling, especially in the case of legacy phosphorus. 
Elevated soil P concentrations throughout the watershed are managed at the field scale, and 
knowledge of their precise spatial extent is unavailable outside producer level nutrient 
management planning. These uncertainties have been pointed out as one of the key challenges in 
nutrient reduction efforts to control lake eutrophication (Jarvie et al., 2013).  

In addition to these land management factors, during this current era of elevated DRP export, there 
has also been large year-to-year variability. This variability has been tightly linked to precipitation 
of a given spring loading season which is defined as 1 March through 31 July. Figure A8.3 shows this 
relationship by plotting loading season Maumee DRP and total phosphorus loads against season 
streamflow discharge (Guo et al., 2021). While the year-to-year loads vary considerably, the load-
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streamflow relationship measured in the Maumee River has been remarkably consistent since 
2002.  

The 2019 DRP exported load is highlighted in the Guo et al., 2021 study as it fell well below 
expectations given the amount of streamflow discharge that year (note the bright red dot on Figure 
A8.3 in panel a). This load reduction, 29 percent lower than predicted by flow alone, has been 
explained due to a 62 percent reduction in applied phosphorous fertilizer that year (the study 
considered both inorganic and manure sources of fertilizer). The reduction of application occurred 
in 2019 because the excessively wet conditions resulted in a great many row crop fields left 
unplanted and thus unfertilized. The fact that such a quick, observable response to exported DRP 
loads due to an extensive land management change is considered a positive outcome as it shows 
more careful fertilization rate, timing and placement of phosphorus can quickly reduce loads. 
Additionally, since DRP export reduction was less than half of the reduction of applied phosphorus, 
it shows that legacy and/or edge-of-field/instream source-sinks processes play an important role in 
export. However, it remains uncertain exactly how to quantify the partition of DRP load between 
recently applied sources and legacy sources in a more typical year. 

 

 

Figure A8.3: DRP load (a) and participate phosphorus (b) plotted against Maumee River “loading season” 
streamflow discharge showing results from 2002-2019; with several years labeled. The bold black lines show the 
linear relationship between load and discharge, with dashed gray lines showing 95th confidence intervals of that 

relationship. Other lines represent various target conditions. From Guo et al., 2021. 

DRP in the Stream Network 
Compounding uncertainties related to the source of DRP loads exported to the stream network, 
additional unknowns exist as to the fate and transport of DRP as it moves through the stream 
network (Ohio EPA, 2020b). These uncertainties are more relevant to this TMDL when considering 
if DRP reductions needed at the watershed outlet can be directly allocated to upstream sources. 
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Recommendations to the International Joint Commission in 1980 on Great Lakes bioavailable 
phosphorus management strategies, noted that phosphorus discharge to streams, “have a markedly 
different effect on a downstream lake…compared to the effect that would result if P were 
discharged directly to the lake” (Lee et al., 1980). This work recommends focusing on direct lake 
discharges as further research was required to understand the “environmental chemistry of 
phosphorus” changes throughout stream networks.  
 
Phosphorus retention and cycling throughout a stream network involves many complex physical 
and biogeochemical processes that have been the subject of study since the early 1980s. Withers 
and Jarvie, 2008 published a review paper examining these processes and their interactions in river 
systems. This work outlined that the range of settling, biochemical transformation, and other 
cycling rates are considerable. Local factors appear to be very important for understanding 
phosphorus cycling with stream flow condition, seasonality, size (i.e., stream order), and oxygen 
concentration being key factors.  
 
The Withers and Jarvie, 2008 review noted that phosphorus transformations are expected to be the 
greatest under low flow conditions during the spring and summer especially driven by instream 
algal activity and other eutrophication processes. However, that work notes, “most P inputs 
delivered under very high flows will be flushed through without entering the stream 
biogeochemical pathways.” Most of phosphorus exported from the Maumee watershed network 
occurs during high flow periods. Baker et al., 2014a calculated 76 and 86 percent of the DRP and 
particulate phosphorus, respectively is exported at high stream flows (i.e., during the 20 percent of 
the time with the highest flows). Therefore, it could be argued that during high flows DRP could be 
treated as a conservative parameter and conservative mass balance means of accounting for the 
parameter in this TMDL may be acceptable. New and ongoing research, however, suggests that 
there are more complicating factors at play. 
 
Research on instream phosphorus transformations has been very active since the resurgence of the 
large Lake Erie algal blooms in the 2000s. In recent research, DRP has been found to transform 
through adsorption to instream suspended solids during high flow conditions at several Maumee 
River tributaries in a soon to be published study (King et al., 2022). This work showed a novel 
mechanism where in 77 out of 78 samples DRP sorption to suspended sediments occurred in the 
flowing water. The study explains that the implications of these processes mean that suspended 
sediment provides a service in a way of transforming DRP to a less available particulate form 
during higher flows. It estimates that this type of sorption may account for reducing DRP exports to 
Lake Erie by 24 percent, thus decreasing HABs by 61 percent. Long term reductions in sediment 
delivery to the Maumee River may mean that this ecosystem service has likewise declined. This 
very possibly plays a role in the DRP increase in western Lake Erie tributaries since the mid-1990s.  
 
A recent study by USGS that examined a small Maumee River watershed tributary also found 
sediment carried by high flows may be adsorbing dissolved phosphorus (Williamson et al., 2021a). 
This work determined the greatest amount of sediment to be from legacy sources, especially from 
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stream bank erosion, during the highest flow event months. Another USGS study focused the 
anomalous stream flows, land management, and pollutant delivery that occurred in 2019 
(Williamson et al., 2021b). In this study several tributary monitoring stations throughout the 
Maumee River watershed were examined. This work found that the 2019 reduction of DRP but not 
TP observed at Waterville (discussed above and shown in Figure A8.3 from Guo et al. 2021) did not 
occur at many of the smaller watershed monitoring stations. Williamson et al., 2021b explains that 
this very well could have occurred due to desorption of sediment-bound P in those stream channels 
due to that year’s reduced DRP ambient water concentrations.  
 
Ongoing research  
Several ongoing studies are examining DRP and phosphorus cycling in the Maumee River 
watershed and similar watershed systems. The following summarizes this work: 
 
A USGS research project has measured sediment nutrient processes throughout the Maumee River 
watershed in 2019 and 2021. This work, being led by Dr. Becky Kreiling, involves measuring 
phosphorus source/sink dynamics at approximately 80 sites throughout the basin. To understand 
the capacity of phosphorus that sediment can store, the phosphorus saturation ratio will also be 
determined at each site. Instream flux rates of nitrogen are also included in this work. Models of 
sediment nutrient dynamics based on land use and sediment physiochemical variables are now 
being developed and various publications are expected within the next year from this effort 
(Kreiling, 2021).  
 
A project being led by Dr. James Hood at the Ohio State University (OSU) (HABRI, 2019) will 
evaluate when and where rivers within the Maumee River watershed are sources or sinks of 
phosphorus. Separate methods for assessing low and high flow conditions will be incorporated. The 
high flow methods will expand upon the King et al. work (in preparation) which was performed by 
the same lab. Detailed field studies will be utilized to understand spatial patterns in sediment 
stocks, phosphorus content, and aspects of phosphorus cycling. This will allow for the sources and 
sinks of phosphorus to be mapped throughout the Maumee River’s watershed stream network. The 
results from this work will be used to develop and parameterize instream phosphorus cycling into 
OSU’s existing SWAT model for the Maumee (more on modeling below). With the coupling of 
instream processes to upland best management practices (BMP) modeling, the overall results of 
this project will greatly improve what is known about best management practices that best address 
dissolved reactive phosphorus reductions. This project’s completion date is scheduled for Dec. 31, 
2022. 
 
Another project out of Dr. Hood’s lab (HABRI, 2020/2021) includes an evaluation of the sources 
and chemistry of sediment moving through the Maumee River stream network. Methods will be 
employed to understand how long sediment of various sources takes to move though the 
watershed. Then an examination of the phosphorus cycling will occur with a focus on P sorption to 
and desorption from these sediments. Incorporating this work with the findings from the study 
noted in the paragraph above, the King et al. (in preparation) work, and the Williamson et al., 2021a 
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study will facilitate an improved understanding of how sediment source influences the sediment - 
dissolved reactive phosphorus exchange during stream transport in high flow events. This project’s 
completion date is scheduled for Dec. 31, 2023. 
 
A large, paired watershed study currently occurring within the Maumee River watershed (ARS, 
2019) will provide additional insight to the nexus between agricultural BMPs, nutrient and 
sediment runoff, and instream processes. Monitoring for this study is being organized by the USDA 
ARS/NRSC CEAP program with Heidelberg University’s Dr. Laura Johnson as the lead. It focuses on 
two small watersheds within the Blanchard River sub-watershed. Water quality and hydrology 
measurements are taking place in both watersheds to quantify loads. One will be held as a control 
while the other will be treated with a dense suite of BMPs. The BMPs selected will focus most on 
those promising to reduce DRP runoff (e.g., nutrient management, prosperous removal structures) 
and those that retain water (e.g., drainage water management, blind inlets). Ohio State University’s 
Dr. Jay Martin has obtained a USDA RCPP grant to augment funding for BMP initiatives and provide 
additional research and monitoring as part of this project. This project’s original completion date 
was scheduled to be October 2022. However, the RCPP grant funding BMPs is expected to continue 
through at least 2027. Therefore, research findings from this work should continue for several 
years.  
 
USGS is undertaking a study to examine most of the factors outlined in the two Hood studies noted 
above in Wisconsin’s Fox River that feeds the Green Bay of Lake Michigan (Kreiling, 2021). This 
work will characterize the sources of sediment nutrients in streams, study the instream 
interactions (sources and sinks), and incorporate its findings into watershed models. The intent of 
this work is to improve sediment and nutrient export reductions to Green Bay management 
decisions. This has yet to begin with a project completion date expected in two to three years. 
 
NRCS and ARS are just starting a multiphase CEAP project examining various aspects of legacy 
phosphorus (NRSC, 2021). This project covers study areas across the country including the western 
Lake Erie basin. This work will develop a database that quantifies the contribution of legacy 
phosphorous at the edge-of-field and watershed scale from across the large study area. Watershed 
management recommendations will be made based on this work. What is learned of phosphorus 
cycling/movement will then be incorporated into an array of watershed models. This is a 
multimillion-dollar project with the completion date of 2026.  

Dr. James Larson with USGS is researching how nutrients (N, P and C) are transformed in the 
Maumee River mouth in Toledo. For this project, samples were collected at numerous sites in the 
river mouth three times in 2021 (May, July, and August). The study continues with plans for repeat 
sampling in 2022 (Kreiling, 2021). 

Modeling DRP  
This section explains that Ohio EPA plans to use a mass balance method to develop TMDL 
allocations on total phosphorus. This method is inappropriate for DRP. Process models like SWAT 
model DRP, however several limitations are present.  
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Ohio EPA (2020b) and others (Dolan & McGunnagle, 2005; Maccoux, et al., 2016) have employed 
mass balance methods for source attribution. The net change of loads due stream network to 
retention and export is captured because it is based on observed data at a downstream point. 
However, mass balance methods do treat loads from certain sources conservatively. The method 
Ohio uses considers that the point source (including CSOs) and calculated home sewage treatment 
system loads to be completely delivered to the downstream pour point. TMDL allocations will be 
carried out for total phosphorus. For longer periods of time, such as the five-month loading period 
applicable to this TMDL, assuming conservation of the total phosphorus point source loads is 
acceptable and consistent with the literature cited.  

As noted in the preceding section, there are numerous factors and much greater uncertainty to 
consider when attributing sources of DRP. Ohio has not completed empirically based mass balance 
calculations on dissolved portions of nutrients for this reason (Ohio EPA, 2020b). Other modeling 
efforts, however, do include DRP export source attributions in stream networks.  
 
Process models, like the Soil and Water Assessment Tool (SWAT), provide effective means to 
simulate pollutant movement in a watershed. SWAT is designed to simulate agricultural 
watersheds, allowing the model developers to incorporate detailed agronomic and conservation 
practices. Nutrients applied as fertilizers and existing in soils are accounted for in detail as they are 
removed with crops, discharged to waterways, or remain on fields for the next season. Precipitation 
input data drives the movement of water and pollutants which includes careful understanding of 
evapotranspiration, surface runoff, tile discharge, and groundwater storage. Phosphorus is divided 
into inorganic and mineral pools with several subdivisions throughout SWAT’s modeled processes. 
These two major categories of phosphorus remain discrete at stream outlets in SWAT (Neitsch et 
al., 2011). SWAT, therefore, models the processes that govern DRP and particulate phosphorus in a 
watershed.  

SWAT models have been developed for the entire Maumee River watershed with high levels of 
detail (Kalcic et al., 2016; Scavia et al., 2017, Apostel et al., 2021). Academic efforts in the Maumee 
watershed have improved the baseline SWAT model spatial details, even to the field scale. This 
work better represents tile drainage, nutrient soil stratification and many other factors (Apostel et 
al., 2021). The sources of exported nutrients including legacy soil phosphorus and manure as a 
fertilizer have been described (Kast et al., 2019; Kast et al., 2021). Addressing uncertainties in 
pollutant sources has also been examined (Evenson et al., 2021). Progressive model improvements 
have been used to consider various best management practices to the Annex 4 targets discussed in 
this report (Scavia et al., 2017; Martin et al., 2021). These last two studies use multiple SWAT 
models (a method known as “ensemble modeling”) to utilize the strength of various model 
parameterization choices in determining the certainty of success for various BMP scenarios.  

Refinement of SWAT work continues in the Maumee watershed with a current project being carried 
out by OSU and the University of Toledo to directly assess the state of Ohio’s H2Ohio best 
management practice programs (HABRI/H2Ohio, 2020-2021). This project also intends to use 
remote sensing algorithms to improve model inputs of existing conservation practices for the 
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baseline simulation. This project’s completion date is scheduled for Dec. 31, 2023. Additional 
improvements to SWAT in-stream phosphorus cycling and the manner in which legacy phosphorus 
is modeled are expected from the second CEAP study discussed in the previous section.  

Improvements to SWAT modeling noted in the preceding paragraphs show that progress is being 
made to address uncertainties in DRP export, especially from land practices. Existing SWAT models’ 
ability to simulate cycling of phosphorus species within stream channels is rather limited, however. 
SWAT’s phosphorus transformations due to in-stream primary production, mostly a low flow 
condition consideration, is rudimentary considering the state of science on this subject (Pyo et al., 
2019). Updates to SWAT to account for the impact of benthic algae and stream bed phosphorus 
equilibrium dynamics have been proposed based on work in Oklahoma (White et al., 2014; 
Mittelstet, et al., 2016), but have not been incorporated in the publicly available source code for 
SWAT. These improvements do not capture the emerging understanding of suspended sediment 
adsorbing DRP at high flows (i.e., from King, et al., 2022). Ongoing research, described above 
(HABRI, 2019), plans to incorporate into a Maumee River watershed SWAT model both the 
Oklahoma routines and high flow suspended sediment mechanics. The results of this work will be 
valuable in Ohio’s implementation of this TMDL. 

Actions the TMDL Will Take to Address DRP  
Taken as a whole, there are numerous knowledge gaps in DRP sources, in-stream cycling, and the 
ability of existing models to simulate these factors. Uncertainty surrounding DRP sources and 
transport is large. TMDL allocations cannot capture this uncertainty while remaining meaningful 
for watershed planning efforts. This is especially so as new research matures and the collective 
understanding of DRP sources and transport is refined. The TMDL project will take several 
measures to account for DRP. 
 
Detailed source assessment of DRP  
While unknowns of DRP fate and transport throughout the Maumee River watershed stream 
network preclude TMDL allocation, much is known about the amount of DRP being contributed 
throughout the watershed as observations in streams. This is thanks to a robust tributary nutrient 
monitoring network in the Maumee that includes DRP. Figure A8.4 shows the locations of twenty-
eight monitoring stations where water quality and streamflow is monitored on a continuous basis. 
Daily nutrient loadings are calculated at each of these stations with a high degree of accuracy. These 
stations capture a wide range of drainage areas and predominate land use types. They also cover 
the regional geographic and climatic variations in the watershed. While the Maumee River at 
Waterville station, discussed in the main report of this document, has been monitored since the 
1970s, the remainder of stations all have, or are close to having, a ten-year period of record.  

These monitoring data will be used to evaluate temporal and spatial relationships between TP and 
DRP. For example, this may include examining this relationship at various stream flow conditions. 
These analyses will be coupled with a thorough review of edge-of-field and SWAT modeling 
research to present the best understanding of detailed source assessments of TP and DRP 
throughout the watershed. With this work based on observed DRP concentration and loads it 
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allows for the best assessments possible while avoiding the many aspects of uncertainty outlined in 
this appendix.  

The analyses will also support tracking of DRP alongside TP as source reductions and other 
management actions are implemented. They will guide management decisions to inform whether 
the implementation strategy is effective or if changes need to be considered through adaptive 
implementation.  

Tracking of nutrients 
The TMDL will recommend nutrient tracking utilizing the stream monitoring network shown in 
Figure A8.4. The level of water quality monitoring ensures that adaptive implementation can be 
informed by measured environmental response data for both TP and DRP.  

This tracking will continue to examine the loads and flow weighted mean concentrations, consistent 
with Ohio’s Domestic Action Plan (OLEC, 2020b). In addition to these direct measures, monitoring 
data can be used to answer questions regarding TMDL implementation. These monitoring data can 
be used to decrease uncertainty in process models that can then be used with higher confidence to 
predict outcomes of different proposed management approaches. It will also outline how to assess 
nutrient trends over time. Recent efforts have utilized normalization methods to diminish trend 
variability largely from streamflow fluctuations (Rowland, 2021).  

Implementation tracking metrics such as how many acres or linear feet to which certain BMPs are 
applied, and even how many dollars are spent, will also continue to ensure programs are effectively 
placing practices on the landscape. However, monitoring data-based tracking methods will 
definitively show if nutrient reduction is occurring and inform adaptive implementation.  

 



A1-12 

 

 



A1-13 

 

Figure A8.4: Map of the Maumee River watershed showing the location of the existing continuous water quality 
monitoring stations.  

Focus implementation actions on DRP reductions 
Much of the information presented in this appendix support hypotheses of “unintended 
consequences” of soil conservation practices, which potentially result in increases of DRP export 
(Jarvie, 2017; Baker, 2014a). However, it is known that some agricultural BMPs reduce DRP export 
by reducing the total amount of phosphorus applied (e.g., nutrient management plans) and 
retaining/slowing runoff (e.g., in-field wetlands). For many practices, sufficient evidence of the 
impact on DRP is not yet available.  

A vital role of this TMDL project is to steer nutrient reduction efforts towards identification of DRP 
sources and implementing practices that reduce DRP. When the TMDL implementation plan is 
published, Ohio EPA will coordinate with other agencies and stakeholders to prioritize 
implementation practices known at this time to specifically reduce DRP loadings. The stream 
nutrient monitoring network, continued edge-of-field studies, and modeling studies will allow Ohio 
to respond to changing conditions in the streams and adapt to practices that show more effective 
reductions of DRP.  

TMDL implementation recommendations will follow an adaptive management process. The 
framework for adaptive management will be developed in with the preliminary modeling results. 
As DRP research and science evolves so will recommendations, funding opportunities, and actions.  

Ohio’s Commitment to Meet Both TP and DRP Loading Targets 
In 2015, the governors of Michigan and Ohio and the premier of Ontario committed to both TP and 
DRP reductions (Conference of Great Lakes and St. Lawrence Governors and Premiers, 2015). Ohio 
recommitted to this agreement in 2019. While this TMDL will not have DRP allocations developed, 
Ohio has clearly committed to meeting both TP and DRP reduction targets. This TMDL project is 
considered part of Ohio’s overall Domestic Action Plan to meet Great Lakes Water Quality 
Agreement objectives. DRP loading reductions are of great importance to the State of Ohio and 
the Ohio EPA takes these commitments seriously.  
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