
Chapter 1. Water Quality Status and Trends 

The following excerpts from “Wisconsin’s 
2016 Water Quality Report to Congress” 
provide an overview of how nutrients are 
affecting water quality.

Long-Term Trend Water Quality 
Monitoring

 Lake Long-Term Trend Network
Anthropogenic nutrient loading is a major 
stressor of lakes in Wisconsin and else-
where. DNR has been collecting total phos-
phorus (TP) on 62 lakes for up to 45 years, 
providing an opportunity to test whether 
phosphorus concentrations have changed 
over time. These lakes occur throughout the 
state in agricultural, urbanized and forested 
watersheds and range in size, trophic status 
and hydrology. Linear models were used 
to test for change in annual mean TP over 
time. 

Total phosphorus decreased in eight lakes, 
increased in six lakes and did not change in 44 
lakes (See Figure 1). Lakes with a decreasing 
trend were located in southern Wisconsin 
watersheds with significantly more developed 
land. These lakes were also shallower (mean 
maximum depth of 29 feet), more eutrophic 
(median total phosphorus of 56 µg/L) and 
had an earlier period of record dating back 
to the mid-1970’s. In contrast, most lakes with 
an increasing TP trend were deeper (mean 
maximum depth of 67 feet), oligotrophic or 
mesotrophic (median TP of 12 µg/L) and had 
a more recent period of record dating to the 
late 1980’s. Lakes with increasing TP trends 
were in forested, northern watersheds. 

Long-term data sets such as this one 
elucidate trends in time and space and 

provide opportunity to understand causes 
of change, be they environmental drivers 
or the result of direct management actions. 
Future analyses will examine potential 
drivers of changes in TP over time and will 
also test for trends in other parameters 
such as: surface water temperature, hypo-
limnetic dissolved oxygen, water clarity, 
chlorophyll-a, nitrogen, pH, alkalinity, color, 
calcium and magnesium.

River Long-Term Trend Network

DNR has been monitoring water quality at 
38 river stations for periods of 15 to 55 years. 
Long-term trends in these datasets were 
analyzed with the Fluxmaster model, which 
estimates linear trends while controlling 
for the effects of discharge and season on 
water quality. River water quality trends 

Figure 1: 
Wisconsin lakes that exhibit a significant increasing 
(upward orange arrow), significant decreasing 
(downward blue arrow), or no trend (black circle) in 
total phosphorus over the past 10 to 45 years.
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were highly variable among parameters 
and regions of the state. Concentrations 
of total phosphorus and total suspended 
solids have decreased in most rivers over the 
last several decades. In contrast, concentra-
tions of chloride and nitrate have increased 
in most rivers over this period. The largest 
reductions in total phosphorus occurred in 
southern Wisconsin and many of the rivers 
with large phosphorus reductions also had 
large suspended solids reductions. Nitrate 
concentrations increased in most rivers in 
agricultural basins in Wisconsin. 

The reasons for these trends are likely a 
combination of changes in land manage-
ment practices, including agricultural 
production systems, erosion control, 
nutrient management and improvements 
in wastewater treatment. Further analyses 
will evaluate non-linear trends to identify 
periods where the most significant changes 
occurred and will determine whether trends 
vary among seasons. These more detailed 
analyses will provide more certainty about 
the causes of improvements and declines 
and will help target where and when further 
work is needed.

Figure 2: 
Trends in flow-normalized concentrations of two water quality parameters at long-term river sites in Wisconsin 
over periods of 10 to 50 years. 
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CWA Section 303(D) List (Impaired Waters)
Assessing waterbodies against water 
quality standards and identifying 
impaired waters that do not meet stan-
dards is part of the overarching federal 
Clean Water Act framework for restoring 
impaired waters. Waters that do not meet 
their designated uses because of water 
quality standard violations are impaired. 
Waterbodies are removed from the list 

when new data indicates that water 
quality standards are attained. 

The 2016 impaired waters list contains more 
than 1,700 pollutant/water listing combina-
tions. The primary pollutant listings are total 
phosphorus, mercury and total suspended 
solids (sediment), representing 73 percent of 
the current listings (See Figure 3).

Figure 3:  Impairment Pollutants
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Monitoring Studies of Nutrients in Lake Superior

In Lake Superior, long term monitoring of 
the offshore waters indicates low phos-
phorus levels (generally < 5 µg/L). Existing 
state administrative code (s. NR 102.06(5)
(a), Wis. Adm. Code) sets total phosphorus 
criteria at 5 µg/L for both offshore and near-
shore waters (note that 5 ug/L is echoed 
in Annex 4 of the 2012 Great Lakes Water 
Quality Agreement as the substance objec-
tive for Lake Superior). However, some 
embayments have experienced elevated 
levels of both total and dissolved forms 
of phosphorus. Tributary inputs are the 
primary source of phosphorus to the lake. 
High phosphorus loads are associated with 
high sediment loading, which is substan-
tial in some of Wisconsin’s Lake Superior 
watersheds due to soil type (easily erodible 
clay soils) as well as historic and present 
day land uses. Nitrogen levels in Lake Supe-
rior are high and have been increasing over 
the past 100 years (Sterner et al 2007), with 
nitrate as the dominant form. The nitro-
gen:phosphorus ratio in lake proper habitat 
is strongly weighted towards nitrogen, 
indicating that phosphorus is the limiting 
nutrient for algal growth. 

Lake Superior has not experienced signif-
icant issues with algal blooms largely 
due to low phosphorus and cold water 
temperatures. However, with observations 

of rising water temperatures in Lake 
Superior (Austin 2008) and direct obser-
vations of algal blooms, the potential for 
eutrophication of shallow water nearshore 
habitats is of increasing interest. The Lake 
Superior LAMP Cooperative Science and 
Monitoring Initiative for 2016 includes 
monitoring work to evaluate the vulnera-
bility of embayments and nearshore habi-
tats to eutrophication, focused around 
the Chequamegon Bay region. Following 
major storm events in 2012 and 2016, algal 
blooms were observed on the western 
arm of the Bayfield peninsula. These heavy 
precipitation events, followed by warm 
weather and calm/onshore winds are 
hypothesized to be the cause of blooms. 
Long shore and wind driven currents can 
move nutrients a long distance from river 
mouth pour points, and conditions for algal 
blooms can occur when sediments settle 
and light penetration increases following 
major storm events. Information on lake 
temperatures, nutrient levels and hydro-
dynamics will be important to observing 
and understanding algae blooms as 
an emerging concern in Lake Superior. 
Support for watershed practices to reduce 
runoff remains critically important to miti-
gate sediment loads and concurrent phos-
phorus loads.
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