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Conversion Factors

U.S. customary units to International System of Units

Multiply By To obtain

Length

inch (in.) 2.54 centimeter (cm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)

Area

acre 4,047 square meter (m2)
acre 0.4047 hectare (ha)
acre 0.4047 square hectometer (hm2)
acre 0.004047 square kilometer (km2)
square foot (ft2) 929.0 square centimeter (cm2)
square foot (ft2) 0.09290 square meter (m2)
square inch (in2) 6.452 square centimeter (cm2)
section (640 acres or 1 square mile) 259.0 square hectometer (hm2)
square mile (mi2) 259.0 hectare (ha)
square mile (mi2) 2.590 square kilometer (km2)

Volume

gallon (gal) 3.785 liter (L)
gallon (gal) 0.003785 cubic meter (m3)
cubic foot (ft3) 0.02832 cubic meter (m3)
acre-foot (acre-ft) 1,233 cubic meter (m3)

Flow rate

cubic foot per second (ft3/s) 0.02832 cubic meter per second (m3/s)
inch per year (in/yr) 25.4 millimeter per year (mm/yr)

Mass

ounce, avoirdupois (oz) 28.35 gram (g)
pound, avoirdupois (lb) 0.4536 kilogram (kg)
ton, short (2,000 lb) 0.9072 metric ton (t)
ton, long (2,240 lb) 1.016 metric ton (t)

Application rate

pound per acre per year ([lb/acre]/yr) 1.121 kilogram per hectare per year ([kg/ha]/yr)

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:

°C = (°F – 32) / 1.8.
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Supplemental Information
Load is the rate of constituent transport, as measured by dry mass or volume, that passes a 
cross section in a given time. It is calculated in units of tons per day as follows: concentration 
(in milligrams per liter) × discharge (in cubic feet per second) × 0.0027.

Water year is the 12-month period October 1 through September 30. The water year is 
designated by the calendar year in which it ends and which includes 9 of the 12 months. 
Thus, the year beginning on October 1, 2014, and ending September 30, 2015, is called the 
“2015 water year.”
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Transport of Nitrogen and Phosphorus in the Cedar River 
Basin, Iowa and Minnesota, 2000–15

By Stephen J. Kalkhoff

Abstract
Nitrate concentrations in the Cedar River in Iowa and 

Minnesota have increased from an average of less than 
1.0 milligram per liter in the early 1900s to more than 5.0 mil-
ligrams per liter in the 2000s and have resulted in periodic 
water-quality impairment of the river. Spatial differences and 
temporal changes in nitrogen and phosphorus transport in the 
Cedar River Basin are described for the period from 2000 to 
2015. Data used to estimate nitrogen and phosphorus trans-
port were collected by the U.S. Geological Survey as part of 
six base-flow synoptic studies and by the Minnesota Pollu-
tion Control Agency and the Iowa Department of Natural 
Resources as part of their long-term stream and river monitor-
ing programs. The Cedar River transported an annual average 
of 53,100 tons of total nitrogen and 2,510 tons of total phos-
phorus during 2000–15. Three subbasins yielded an annual 
average of more than 30 pounds per acre (lb/acre) of nitrogen 
to the Cedar River, whereas two subbasins yielded an annual 
average of less than 20 lb/acre of nitrogen. The average annual 
total phosphorus yield from the Little Cedar River subbasin 
(0.35 lb/acre) was only about 16 percent of the yield from the 
greatest total phosphorus yielding Lower Cedar River subba-
sin (more than 1.0 lb/acre). The annual total nitrogen and total 
phosphorus loads did not change significantly during the study. 
The relation between annual stream runoff and annual total 
nitrogen and total phosphorus yields was not spatially uniform 
across the Cedar River Basin. The Beaver Creek, Black Hawk 
Creek, and Wolf Creek subbasins yielded the most, and the 
Main Stem Middle Cedar River, the Lower Cedar River, and 
the Little Cedar River subbasins yielded the least amount of 
nitrogen for a given amount of runoff. The Lower Cedar River 
and Wolf Creek subbasins yielded the most and the West Fork 
Cedar River and the Little Cedar River subbasins yielded the 
least phosphorus for a given amount of runoff. The results of 
this study describe nutrient transport during 2000–15 that can 
be used to evaluate future progress of nutrient reduction strate-
gies in the Cedar River Basin.

Introduction
Water in streams and rivers in the Cedar River Basin is 

an important resource for the citizens of Iowa and Minnesota. 
Water is used for recreation, cooling water, and a source of 
municipal and industrial water supply. Municipalities have 
used the Cedar River as a source of supply by pumping 
directly from the river and indirectly when pumping from 
alluvial wells that induce infiltration from the Cedar River 
(Schulmeyer and Schnoebelen, 1998); however, high nitrate 
concentrations in the Cedar River may limit its use as a water 
supply for communities in the watershed and downstream 
along the Mississippi River. Minnesota and Iowa basins, 
including the Cedar River Basin, have been identified (Jones 
and others, 2017; Goolsby and others, 2001) as large contribu-
tors of nitrogen to the Gulf of Mexico.

Pumping by the city of Cedar Rapids, Iowa, from munici-
pal wells adjacent to the river induces flow from the Cedar 
River into the aquifer (Boyd, 1998). Although microbial-
catalyzed redox reactions reduce the concentration of nitrate 
in water infiltrating from the Cedar River into the shallow 
parts (5–20 ft below land surface) of the alluvial aquifer, the 
reduction generally does not occur in water infiltrating to 
deeper zones of the alluvial aquifer (Boyd, 1999). Because 
of the small reduction in the aquifer, nitrate concentrations in 
municipal supply wells often can reflect those in the Cedar 
River. Supply wells may be shut off when high nitrate con-
centrations in the river affect supply wells and if the system 
demands allow it (Tariq Baloch, Water Utility Plant Man-
ager, City of Cedar Rapids, Iowa, Utilities, written commun., 
February 6, 2018)

The States of Iowa (Iowa Department of Agriculture and 
Land Stewardship and others, 2014) and Minnesota (Minne-
sota Pollution Control Agency, 2014) recently have identified 
methods to reduce nutrient transport to rivers and streams to 
meet reduction goals. Funds from the City of Cedar Rapids 
have been provided to assist landowners in the implementation 
of nutrient reduction strategies. Funds have been awarded to 
Middle Cedar River watersheds in Black Hawk, Benton, and 
Tama Counties to support demonstration practices deemed 
appropriate for a variety of conditions.
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Historical Data

Results of periodic monitoring of the Cedar River 
indicate that average nitrate as nitrogen (nitrate) concentra-
tions have increased substantially from an average of less than 
1.0 milligram per liter (mg/L) in 1906–13 to almost 6.0 mg/L 
in the 2000s (fig. 1). The Cedar River first was monitored in 
the early 1900s as part of a national program to determine the 
suitability of waters for use in industrial applications (Dole, 
1909). Samples were collected daily from the Cedar River at 
Cedar Rapids from September 1906 through September 1907 
(Dole, 1909). Ten daily samples were composited for analysis 
of selected major ions including nitrate. During this 2-year 
period, nitrate concentrations ranged from less than 0.01 to 
1.81 mg/L (Dole, 1909) and averaged 0.65 mg/L (Clarke, 
1924).

Average nitrate concentrations in the Cedar River nearly 
doubled from 1906–13 to 1944–51 (fig. 1). The average 
dissolved nitrate concentration in the Cedar River at Cedar 
Rapids for 1944–51 was 1.59 mg/L (Hershey, 1955); the maxi-
mum concentration was 3.84 mg/L. Yearly averages ranged 
from 1.17 mg/L in 1949 (Paulsen, 1953) to 2.13 mg/L in 1951 
(Love, 1956). Discharge from municipal sewage was identi-
fied as a contributor to water-quality issues in the Cedar River 
in the 1950s (Iowa Natural Resources Council, 1955).

By the mid to late 1970s, average nitrate concentrations 
in the Cedar River were equal to the maximum concentrations 
measured from 1944 to 1951. The average nitrate concentra-
tion in monthly samples collected from the Cedar River near 

Palo, Iowa (about 9 miles upstream from Cedar Rapids), from 
1977 to 1980 (U.S. Geological Survey, 1977, 1978, 1979, 
1980) was 3.81 mg/L. The nitrate concentration in one sample 
exceeded the 10-mg/L drinking water standard (fig. 1).

During the late 1980s, the average dissolved nitrate 
concentration of monthly samples at five main-stem sites on 
the Cedar River upstream from Cedar Rapids was 4.79 mg/L, 
whereas the total nitrogen (TN) concentration averaged 
6.39 mg/L (Squillace and Engberg, 1988). The maximum dis-
solved nitrate was less than 10.0 mg/L (Squillace and Engberg, 
1988). There was little variability in the average and maximum 
nitrate concentrations from the most upstream site at Floyd 
(about 100 miles north of Cedar Rapids) to about 7 miles 
downstream from Cedar Rapids at Bertram, Iowa (fig. 2). In 
the early 1990s, the average dissolved nitrate concentration 
at a site on the Cedar River downstream from Cedar Rapids 
was 9.0 mg/L. Nitrate concentrations exceeded 10.0 mg/L 
in almost one-half of the 292 samples collected from August 
1989 to July 1991 (Schulmeyer and others, 1995). The Cedar 
River was documented to be impaired for a segment of the 
river extending from its confluence with Bear Creek near the 
city of Palo, Iowa, to where McLoud Run enters the river at 
Cedar Rapids and was subsequently included on Iowa’s 303(d) 
Impaired Waters Listing for the Cedar River for high nitrate 
concentrations in the drinking water supply for the City of 
Cedar Rapids (Iowa Department of Natural Resources, 2006).

During 1996–98, a tributary of the Shell Rock River; 
Flood Creek near Powersville, Iowa (not shown); Wolf Creek 
near Dysart, Iowa (site S13, fig. 3); and the Cedar River near 

Figure 1.  Historical nitrate concentrations in the Cedar River at Cedar Rapids, Iowa. [Data from 
Dole, 1909; Clarke, 1924; Paulsen,1950, 1953; Love, 1956; U.S. Geological Survey, 1977, 1978, 1979, 1980; 
Littin and Schnoebelen, 2010; Littin, 2012; 1975–79 concentrations from Cedar River near Palo, Iowa 
(U.S. Geological Survey site 05464450)]
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Conesville, Iowa (site 11, fig. 3), were sampled monthly as 
part of the U.S. Geological Survey (USGS) National Water-
Quality Assessment Program (Becher and others, 2001). The 
median dissolved nitrate concentration in the Cedar River near 
the mouth (Conesville, Iowa) was 4.9 mg/L with a maximum 
concentration of 12.0 mg/L (Becher and others, 2001). The 
median TN concentration was 5.5 mg/L, the median ortho-
phosphate as phosphorus (OP) concentration was 0.11 mg/L, 
and the median total phosphorus (TP) concentration was 
0.26 mg/L. Based on these sample concentrations and continu-
ous streamflow data, the Cedar River Basin was estimated to 
yield between 14.1 and 42.8 pounds per acre (lb/acre) of TN 
and between 0.69 and 1.07 lb/acre of TP in 1996–98 (Becher 
and others, 2001).

In the headwaters of the Cedar and Shell Rock Rivers in 
Minnesota, there was a significant long-term (1960s–2009) 
increasing trend in nitrate concentrations, but during the 
1995–2009 period, nitrate concentrations were significantly 
increasing in only the headwaters of the Cedar River (Chris-
topherson, 2014). Nitrate plus nitrite concentrations increased 
annually at an average rate of 2.5 to 3.2 percent at two sites on 
the Cedar River from 1967 to 2009 and 4.6 percent at one site 
on the Shell Rock River from 1961 to 2009. There was a con-
sistent increasing nitrate trend through the period in the Cedar 
River south of Austin, Minnesota, but no significant trend dur-
ing the latter part of the study period in the Cedar River east 
of Lansing, Minn. (about 5 miles north of Austin, Minn.), and 
in the Shell Rock River west of Gordonsville, Minn., near the 
Iowa-Minnesota State line (Christopherson, 2014).

Phosphorus data from the Cedar River Basin is more 
limited than nitrogen data. The average OP concentration 
in monthly samples collected at five main-stem sites on the 
Cedar River during 1984–85 was 0.14 mg/L and the aver-
age TP concentration was 0.21 mg/L (Squillace and Engberg, 
1988). The maximum concentrations of OP and TP were 
similar (0.46 mg/L and 0.48 mg/L).

In Minnesota, there was a significant decreasing trend 
in TP concentrations in the Cedar and Shell Rock Rivers in 
Minnesota (Christopherson, 2014) from the 1960s to 2009. TP 
decreased at an average annual rate of 1.0 to 2.9 percent. TP 
concentrations did not change significantly from 1995 to 2009 
(Christopherson, 2014).

Purpose and Scope

The purpose of this report is to document the current 
(2000–15) transport of nitrogen and phosphorus from the 
Cedar River Basin to the Iowa River and to document spa-
tial differences in the origin of nitrogen and phosphorus in 
the Cedar River Basin in Iowa and Minnesota. A secondary 
objective is to determine if the transport of these nutrients has 
changed during 2000–15.

Data used for this analysis were collected by the USGS 
during this study and from stream and river monitoring data 
collected by the Minnesota Pollution Control Agency (MPCA) 
and the Iowa Department of Natural Resources (IADNR). 
Nutrient transport was evaluated in relation to runoff to 

Figure 2.  Nitrate plus nitrite nitrogen concentrations in the Cedar River at five main-stem sites, 
1984–85. [Data from Squillace and Engberg, 1988]
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understand how streamflow affects transport. Spatial differ-
ences and trends in nutrients in the Cedar River Basin are 
discussed in relation to dissolved and total nitrogen and phos-
phorus species. Total nitrogen is the sum of nitrate and total 
Kjeldahl nitrogen. Nitrate is reported as nitrogen in this report. 
Total phosphorus is an analytically determined concentration. 
Spatial differences in the source areas of nitrogen and phos-
phorus were documented using calculated annual nitrogen and 
phosphorus yields. The scope of this report does not include 
investigating the causes for spatial difference in transport.

Description of the Cedar River Basin

The Cedar River originates in southern Minnesota and 
then flows more than 300 miles south through eastern Iowa 
draining approximately 7,800 square miles (mi2) before 
joining the Iowa River. The Cedar River Basin commonly 
is divided into the Upper, Middle, and Lower Cedar River 
Basins with distinct differences in the physical character 
and hydrology.

The Upper Cedar River Basin is 4,340 mi2 and includes 
the Shell Rock, Winnebago, Little Cedar, and West Fork Cedar 
Rivers and the Cedar River from the headwaters in southern 
Minnesota to the confluence with the Shell Rock and West 
Fork Cedar Rivers north of Cedar Falls, Iowa (fig. 3). Four 
eight-digit hydrologic units (table 1) make up the Upper Cedar 
River Basin. The Middle Cedar River Basin extends from an 
area drained by the Cedar River upstream from Cedar Falls, 
Iowa, to the confluence with Prairie Creek downstream from 
Cedar Rapids, Iowa, and encompasses 2,410 mi2. Prairie, Bea-
ver, Black Hawk, and Wolf Creeks are the major tributaries to 
the Cedar River in the Middle Cedar River Basin. The Lower 
Cedar River Basin is the smallest section of the Cedar River 
Basin and is 1,060 mi2 in area. The Lower Cedar River Basin 
encompasses the area drained by the Cedar River downstream 
from Cedar Rapids to the confluence with the Iowa River. 
Rock and Sugar Creeks are two larger Cedar River tributaries 
in the basin.

Climate
The long-term (1981–2010) average precipitation of the 

five climatic regions that contain the Cedar River Basin was 
34.74 inches (in.) (fig. 4). Annual average rainfall in the Cedar 
River Basin was variable during the 2000–15 study and ranged 
from about 10 in. below normal in 2012 to about 7 in. above 
normal in 2010, but the annual average for this period was 
close to the long-term (1981–2010) average. Average annual 
rainfall during the first part (2000–6) of the study (32.52 in.) 
was below the long-term average for all years except 2004 
when rainfall was slightly greater than the long-term average. 
In contrast, average annual rainfall during the second part 
(2007–15) of the study (37.18 in.) was greater than the long-
term average for all years but 2011 and 2012. Annual average 
rainfall in 2012 was near a record low for Iowa and southern 
Minnesota.

Topography and Geology

The land surface in the Cedar River Basin ranges from 
flat to rolling. The land surface in the western and northwest-
ern edges of the basin, the Des Moines Lobe landform (Prior, 
1991), extends from Steele County in Minnesota to northeast-
ern Hardin County in Iowa. The Des Moines Lobe is in the 
headwaters of the Shell Rock River in Minnesota and Iowa 
and the western part of the Cedar River Basin in Minnesota. 
The land surface is relatively flat and poorly drained (Prior, 
1991) and has remnant prairie potholes that are now mostly 
drained by subsurface drain tiles.

Except for the Lower part, most of the remainder of the 
Cedar River Basin is in the Iowan Surface landform (Prior, 
1991), which has a slightly to gently rolling land surface with 
a well-established drainage network. Thin layers of wind-
blown loess cover drift deposits. Bedrock is near the surface in 
the northern part of the basin.

The Lower part of the Cedar River Basin downstream 
from Cedar Rapids, Iowa, is in the Southern Iowa Drift Plain 
landform region (Prior, 1991). The Southern Iowa Drift Plain 
is characterized by a broad flat drainage divide that cov-
ers much of the Lower Cedar River Basin downstream from 
Cedar Rapids, Iowa. Variable thickness of windblown loess 
covers glacial till, which is drained by a well-defined network 
of streams and rivers.

An extensive flood plain borders the Cedar River in Mus-
catine County that is part of the Mississippi Alluvial Plain. 
The lower reach of the Cedar River flows through the Missis-
sippi Alluvial Plain in Muscatine County before it joins the 
Iowa River. The Mississippi Alluvial Plain contains numerous 
oxbow ponds and sand and clay deposits that reflect the effects 
of flowing water (Prior, 1991).

Land Use

Abundant rainfall combined with relatively flat land 
surface having rich soils, which formed on the loess and drift 
deposits, provide an ideal environment for the growth of row 
crops in the Cedar River Basin. More than 80 percent of the 
basin is used for agricultural purposes, mostly for corn and 
soybean production with some pasture land, hay, and small 
grains (Iowa Department of Natural Resources, 2006). The 
2010 population of incorporated cities and towns in the Cedar 
River Basin was about 515,000 (U.S. Census Bureau, 2010). 
The major cities with populations greater than 10,000 include 
Austin and Albert Lea in Minnesota and Mason City, Cedar 
Falls, Waterloo, Marion, and Cedar Rapids in Iowa (fig. 3).

Hydrology

The annual mean discharge from the Cedar River (fig. 5) 
was highly variable from 2000 to 2015 and reflected the 
pattern of rainfall in eastern Iowa and southern Minnesota. 
The annual mean stream discharge from the Cedar River 
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Figure 3.  The Cedar River Basin in Iowa and Minnesota showing the Upper, Middle, and Lower Cedar River Basins and the 
locations of synoptic and long-term monitoring sites.
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Basin (fig. 5) ranged from 2,590 cubic feet per second (ft3/s) 
in 2012 to 14,100 ft3/s in 2008. The annual mean discharge 
corresponds to runoff (the depth to which the basin would be 
covered if annual discharge were distributed on it uniformly) 
from 4.53 in. in 2012 to 24.6 in. in 2008. Annual mean stream 
discharge in 2012 was the 10th smallest since continuous dis-
charge measurements began in 1940. In contrast, annual mean 
discharge in 2008 and 2010 were the second and third largest 
on record, respectively. Generally, stream discharge was at or 
below the long-term average during the first part of the study 
and generally was greater than the long-term average dur-
ing the second part of the study (fig. 5). Because of the wide 
range, discharge during the study period was representative of 
extremely dry to extremely wet flow conditions in the Cedar 
River Basin.

Table 1.  Description of the Cedar River Basin in Iowa and 
Minnesota.

[HUC, hydrologic unit code; mi2, square mile. Hydrologic units from Seaber 
and others, 1987]

Basin HUC Description
Area 
(mi2)

Upper Cedar River 07080201 Upper Cedar River 1,730
07080202 Shell Rock River 1,060
07080203 Winnebago River 704
07080204 West Fork Cedar River 850

Middle Cedar River 07080205 Middle Cedar River 2,410
Lower Cedar River 07080206 Lower Cedar River 1,060

Figure 4.  Annual average 
rainfall in the Cedar River 
Basin, Iowa and Minnesota, 
2000–15. [Annual average 
rainfall is the average from 
Iowa climatic regions 2, 
3, 5, and 6 and Minnesota 
climatic region 8 (Midwestern 
Regional Climate Center, 
2015)]

Figure 5.  Annual mean 
discharge and runoff from 
the Cedar River Basin. 
[Measured in the Cedar 
River near Conesville, Iowa; 
U.S. Geological Survey 
site 05465000, from U.S. 
Geological Survey (2017); 
long-term average discharge 
from Eash and others (2015)]
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Data Collection and Analysis
Data to quantify contributing areas for nitrogen and phos-

phorus in the Cedar River Basin were obtained by completing 
short-term synoptic studies during stable, base-flow conditions 
and from long-term monitoring completed by the IADNR, the 
MPCA, and the USGS.

Synoptic Studies

Short-term synoptic studies were designed to measure 
nutrient concentrations and to quantify nutrient transport dur-
ing periods when most of the water in the Cedar River and its 
tributaries originated from groundwater (including tile-line 
discharge) and point-source discharges. Synoptic studies were 
completed in the spring and fall from 2000 to 2002 to docu-
ment base-flow conditions and again a decade later in 2010–12 
to document water-quality changes over time.

Timing of Sample Collection
Synoptic studies were scheduled during stable base-flow 

conditions generally after an extended period without rain. 
Samples were collected over several days with stable flow 
that ensured all samples were collected under the same flow 
conditions and that results were not affected by rainfall runoff. 
Because base flow is not consistent throughout the year, low 
base-flow that generally is in the fall and high base flow that 
generally is in the spring were sampled.

Low base-flow synoptic studies were completed in the 
fall (September or October) when lesser amounts of rainfall 
generate relatively low base-flow conditions (Eash and others, 
2015). Dry late summer and early fall conditions limit the 
infiltration of water to the water table and shallow alluvial 
aquifers, resulting in less inflow from tile-line discharge and 
groundwater. Samples also were collected in spring (May) 
after snowmelt and spring rains have recharged the shal-
low alluvial aquifers typically resulting in high base-flow 
conditions.

The initial low and high base-flow synoptic study was 
completed in November 2000 and May 2001. A followup 
study was completed in September 2002 after a drier than 
normal summer (table 2). The second set of synoptic samples 
was collected a decade later in October 2010 and May 2011 
to evaluate changes in nutrient concentrations and source 
areas. As with the initial synoptic studies in the early 2000s, a 
followup study (September 2012) was completed after below 
normal rainfall and discharge in the Cedar River Basin (figs. 4 
and 5) in 2012.

Unlike the previous synoptic sampling studies, the flow 
conditions were not stable during the May 2001 synoptic 
study. Rain fell in the Cedar River Basin during the week 
of May 21–25, 2001 (Midwestern Regional Climate Center, 
2015) while the samples were being collected. Additional rain 
fell during the weekend of May 26–27, 2001 (Midwestern 
Regional Climate Center, 2015), before sampling recom-
menced on May 29, 2001. This rain resulted in a substantial 
increase in streamflow between May 25 and May 29. Samples 
collected on May 29–31, 2001, probably were not representa-
tive of stable base-flow conditions and are not directly compa-
rable to those collected the previous week.

Selection of Sampling Sites

A total of 21 sites in the Upper and Middle Cedar River 
Basins were selected for sampling as part of the synoptic 
studies (fig. 3, table 3). A total of 12 sampling sites were 
selected on the main stem of the Cedar River from St. Ansgar 
in northern Iowa downstream to the Highway 30 Bridge near 
Bertram, Iowa, to document variability in nutrient concentra-
tions and loads. Sampling sites on nine Cedar River tributaries 
were selected to quantify the amount and location of nutrient 
transported to the Cedar River. Data collection in the Upper 
Cedar River Basin primarily was focused on the main stem 
(four sites) and two major tributaries, the Shell Rock and West 
Fork Cedar Rivers (fig. 3). All but 1 of the remaining sampling 
sites were in the Middle Cedar River Basin; 7 sites on the 
main stem and 7 sites on tributaries. The most downstream 

Table 2.  Flow conditions in the Cedar River Basin during base-flow synoptic sampling studies.

[Monthly mean discharge data from U.S. Geological Survey, 2017]

Sample month Season
Percentage of monthly mean discharge in the sample month in relation 

to mean monthly discharge for study period, 2000–15

Cedar River at Charles City, Iowa Cedar River at Cedar Rapids, Iowa

September 2002 Dry fall 31 64
September 2012 Dry fall 19 21
November 2000 Fall 95 63
October 2010 Fall 143 162
May 2001 Spring 162 144
May 2011 Spring 104 108
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synoptic site was on the Cedar River near Bertram (fig. 3) in 
the Lower Cedar River Basin. The drainage area (subbasin) 
contributing water and nutrients to the synoptic sampling sites 
(table 3) ranged from 17 mi2 on Morgan Creek (site S19) to 
1,746 mi2 on the Shell Rock River (site S6).

Data Collection Methods
Data needed to quantify nutrient transport during base-

flow conditions include stream discharge and concentrations 
of dissolved nitrate, total ammonia plus organic nitrogen as 
nitrogen (TKN), dissolved orthophosphate (OP), and TP.

Stream discharge measurements were made at the time 
of sample collection using the midsection method (Turnipseed 
and Sauer, 2010) with an Acoustic Doppler Velocity meter 
(ADVM) for wading measurements and a cable-mounted 
Acoustic Doppler Current Profiler (ADCP) for main-stem sites 
where wading was not possible. Streamflow from several sites 
was not measured directly but was obtained from permanent 
USGS streamgages at the sampling site or was estimated using 
the flow duration curve transfer method (Linhart and others, 
2012). Data are available from the USGS National Water 
Information System (U.S. Geological Survey, 2017).

Nutrient data were obtained from the analysis of rep-
resentative discrete water samples collected at each site. 

Table 3.  Synoptic monitoring sites in the Cedar River Basin.

[USGS, U.S. Geological Survey; mi2, square mile; IA, Iowa; Hwy, Highway]

Synoptic 
site  

number 
(fig. 3)

USGS site 
identification 

number
Site name

Location Total  
drainage 

area  
(mi2)

Subbasin 
drainage 

area  
(mi2)

Decimal  
latitude  
(degree)

Decimal  
longitude  
(degree)

County

Upper Cedar River Basin

S1 05457470 Cedar River at Saint Ansgar, IA 43.37147 –92.93617 Mitchell 804 804
S2 05457700 Cedar River at Charles City, IA 43.06219 –92.67388 Floyd 1,054 250
S3 05458150 Cedar River near Plainfield, IA 42.84764 –92.52091 Bremer 1,460 406
S4 05458500 Cedar River at Janesville, IA 42.64832 –92.46519 Bremer 1,661 201
S5 05458900 West Fork Cedar River at Finchford, IA 42.62943 –92.54352 Black Hawk 846 846
S6 05462000 Shell Rock River at Shell Rock, IA 42.71192 –92.58297 Butler 1,746 1,746

Middle Cedar River Basin

S7 05463000 Beaver Creek at New Hartford, IA 42.57200 –92.61828 Butler 347 347
S8 05463050 Cedar River at Cedar Falls, IA 42.53757 –92.44349 Black Hawk 4,734 134
S9 05463200 Mosquito Creek at Reinbeck, IA 42.32582 –92.61492 Grundy 24 24
S10 05463500 Black Hawk Creek at Hudson, IA 42.40776 –92.46325 Black Hawk 303 279
S11 05464090 Cedar River near La Porte City, IA 42.33500 –92.16444 Black Hawk 5,360 323
S12 05464137 Fourmile Creek near Traer, IA 42.20193 –92.56242 Tama 20 20
S13 05464220 Wolf Creek near Dysart, IA 42.25153 –92.29889 Tama 299 279
S14 05464260 Rock Creek near La Porte City, IA 42.29749 –92.14824 Black Hawk 32 32
S15 05464302 Cedar River near Brandon, IA 42.29305 –92.05962 Benton 5,820 428
S16 05464315 Cedar River at Vinton, IA 42.17083 –92.02379 Benton 6,040 220
S17 0546431750 Cedar River at County Hwy W26 near 

Urbana, IA
42.18674 –91.87226 Benton 6,170 130

S18 05464420 Cedar River at Blairs Ferry Road at 
Palo, IA

42.06916 –91.78518 Linn 6,342 262

S19 05464475 Morgan Creek near Covington, IA 41.98942 –91.75960 Linn 17 17
S20 05464480 Cedar River at Edgewood Road at 

Cedar Rapids, IA
42.01167 –91.70490 Linn 6,489 130

Lower Cedar River Basin

S21 05464765 Cedar River at Highway 30 near  
Bertram, IA

41.92606 –91.55104 Linn 6,960 471



Data Collection and Analysis    9

Individual stream samples were a composite of depth inte-
grated samples from a minimum of 10 equal width verticals 
across the stream (U.S. Geological Survey, 2006). Water 
samples from each vertical were collected with a hand-held or 
cable mounted isokinetic depth-integrating sampler (U.S. Geo-
logical Survey, variously dated) and were composited into a 
Teflon churn for mixing. Water analyzed for TP and TKN con-
centrations was poured directly from the churn into a polyeth-
ylene bottle. Water analyzed for nitrate and OP was pumped 
from the churn through a polyethersulfone capsule filter with a 
nominal 0.45-micrometer pore size into a brown polyethylene 
bottle (Wilde and others, 2004). The unfiltered sample was 
preserved by acidifying to a pH less than 2.0 with 4.5N sulfu-
ric acid. The filtered and unfiltered samples were chilled and 
shipped on ice overnight to the USGS National Water Quality 
Laboratory in Denver, Colorado. Samples were analyzed for 
nitrate (Patton and Kryskalla, 2011) and OP and TP (Fishman, 
1993) using colorimetric methods. Samples were analyzed 
for TKN by a Kjeldahl digestion (Patton and Truitt, 2000). 
Data are available from the USGS National Water Information 
System (U.S. Geological Survey, 2017).

Sampling equipment that included samplers, sample 
churns, and tubing was cleaned before each sample to prevent 
cross contamination. Detailed cleaning instructions are pro-
vided in Wilde (2004) and are summarized here. The sampling 
equipment was soaked in a nonphosphate detergent solution 
and scrubbed, if needed, to remove any adhering material. 
The equipment was rinsed, first with tap water and then with 
deionized water, to remove any remaining detergent. If not 
immediately needed, the sampling equipment was air dried 
and then stored in sealed plastic bags.

Long-Term Monitoring Data

Synoptic studies provided a detailed “snapshot” of water-
quality conditions and nutrient source areas in the Cedar River 
Basin during six periods of stable base flow from 2000 to 
2012, but additional comprehensive temporal data are needed 
to define the transport of nitrogen and phosphorus from 2000 
through 2015. Temporal water-quality data from 11 sites 
(fig. 3, table 4) were obtained from monitoring programs led 
by the IADNR (10 sites), the MPCA (1 site), and the USGS 
(same as IADNR site 10 until October 2012). Data were 
from various periods (appendix 1) but generally covered the 
study period. Daily streamflow data (U.S. Geological Survey, 
2017) used to calculate loads and yields were from USGS 
streamgages at or near the long-term monitoring sites. Dis-
charge at seven of the sampling sites was estimated by using 
the drainage area ratio method (Hirsch, 1979) with nearby 
streamflow-gaging stations (appendix 1).

Iowa Department of Natural Resources 
Monitoring

Nitrate loads from 1999 through 2015 at 10 IADNR 
monitoring sites (fig. 3, appendix 1) in the Cedar River 
Basin were provided by Calvin Wolter (Iowa Department of 
Natural Resources, written commun., April 2016). Analyti-
cal data for TKN, OP, and TP at the 10 IADNR sites were 
downloaded from the Iowa AQuIA Water Quality database 
(https://programs.iowadnr.gov/aquia/).

The IADNR long-term water-quality monitoring sites 
used in this study are mainly in the Upper and Middle Cedar 
River Basins (table 4). Two IADNR Upper Cedar River Basin 
sites are on the main stem of the Cedar River near Charles 
City and at Janesville, Iowa. Two sites are near the mouth of 
three major tributaries to the Cedar River. Two of these sites 
are on the West Fork Cedar River at Finchford, Iowa, and the 
Shell Rock River upstream from Shell Rock, Iowa. Another 
site, Winnebago River upstream from Mason City, Iowa, is 
nested in the Shell Rock Basin. Three sites on tributaries and 
one on the Cedar River are in the Middle Cedar River Basin. 
The tributary sites are on Beaver Creek near Cedar Falls, 
Black Hawk Creek at Waterloo, and Wolf Creek at La Porte 
City. The site on the main stem of the Cedar River upstream 
from Cedar Rapids, Iowa, is near the outlet of the Middle 
Cedar River Basin. The most downstream site, Cedar River 
near Conesville, Iowa, is near the mouth of the Cedar River in 
the Lower Cedar River Basin.

IADNR samples were collected monthly by the Univer-
sity of Iowa State Hygienic Laboratory (SHL) Limnology Sec-
tion personnel. The standard operating procedures used by the 
SHL to sample rivers and streams were provided by Michael 
Schueller (SHL, written commun., January 26, 2017). Grab 
samples were collected by dipping a high-density polyethylene 
bucket into the midstream flowing well-mixed section of the 
river or stream. The sampling bucket was rinsed twice with 
river water from the sampling site before sample collection. 
Once collected, the sample then was split into appropriate 
containers for analysis of nutrients and other water-quality 
constituents. Samples were stored on ice until transported to 
the laboratory. Split and blank samples are collected on 10 to 
15 percent of all samples to ensure data accuracy.

Samples were analyzed by the SHL using U.S. Environ-
mental Protection Agency (EPA) analytical methods (Michael 
Schueller, University of Iowa State Hygienic Laboratory, 
written commun., January 26, 2017). Laboratory analysis of 
an unfiltered sample for nitrate plus nitrite nitrogen concentra-
tions was by EPA method 353.2 (O’Dell, 1993b), total Kjel-
dahl nitrogen was by EPA method 351.2 (O’Dell, 1993a), and 
TP was by EPA method 365.4 (U.S. Environmental Protection 
Agency, 1974). A filtered sample was analyzed for orthophos-
phate by EPA method 365.1 (O’Dell, 1993c).

https://programs.iowadnr.gov/aquia/
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Table 4.  Long-term monitoring sites in the Cedar River Basin, Iowa and Minnesota, 2000–15.

[STORET, U.S. Environmental Protection Agency Storage and Retrieval System; mi2, square mile; MPCA, Minnesota Pollution Control Agency; MN, Min-
nesota; IADNR, Iowa Department of Natural Resources; IA, Iowa]

Map number 
(fig. 3)

STORET 
identification 

number

Monitoring 
agency

Station name
Decimal  
latitude  
(degree)

Decimal  
longitude  
(degree)

County
Drainage area 

(mi2)

Upper Cedar River Basin

1 S000-001* MPCA Cedar River near  
Austin, MN

43.637185 −92.974637 Mower 399

2 10340001 IADNR Cedar River near Charles 
City, IA

43.062195 −92.673884 Floyd 1,054

3 10090001 IADNR Cedar River at  
Janesville, IA

42.648316 −92.465186 Bremer 1,661

4 10070003 IADNR West Fork Cedar River 
at Finchford, IA

42.629426 −92.543522 Black Hawk 846

5 10170002 IADNR Winnebago River 
upstream of Mason 
City, IA

43.192887 −93.210464 Cerro Gordo 454

6 10120001 IADNR Shell Rock River at 
Shell Rock, IA

42.711925 −92.582966 Butler 1,746

Middle Cedar River Basin

7 10070001 IADNR Beaver Creek near Cedar 
Falls, IA

42.573170 −92.506701 Butler 347

8 10070004 IADNR Black Hawk Creek at 
Waterloo, IA 

42.442995 −92.431825 Black Hawk 326

9 10070006 IADNR Wolf Creek at La Porte 
City, IA

42.315824 −92.193794 Tama 327

10 10570002 IADNR Cedar River upstream of 
Cedar Rapids, IA 

42.069163 −91.785180 Linn 6,342

Lower Cedar River Basin

11 10700001 IADNR Cedar River near  
Conesville, IA

41.409192 −91.290434 Muscatine 7,787

 *MPCA site identification number.

Minnesota Pollution Control Agency
Water-quality data from the Cedar River near Austin, 

Minn., were collected as part of the MPCA Watershed Pol-
lutant Load Monitoring Network and were used to quantify 
nutrient transport from the Minnesota section of the Cedar 
River Basin. Sampling for the Watershed Pollutant Load 
Monitoring Network began in 2007. About 35 samples were 
collected annually with emphasis placed on intensive sampling 
of major rain events (Minnesota Pollution Control Agency, 
2015). Detailed sampling procedures are described in the 
MPCA’s standard operating procedures and guidance for the 
Watershed Pollutant Load Monitoring Network (Minnesota 
Pollution Control Agency, 2015). Briefly, all sampling equip-
ment was rinsed with distilled water before sample collection. 
Samples were collected about 1 foot below the surface in the 
deepest part of the stream with a weighted bucket, with a Van 
Dorn sampler, or by filling the sample bottle directly. Samples 

were collected for the analysis of nitrate, TKN, OP, and TP. 
Sulfuric acid was added to preserve the TP, nitrate, and TKN 
samples. All samples were shipped on ice to the laboratory. OP 
samples generally were collected unfiltered from March 2007 
until May 2013. OP samples collected after May 4, 2013, were 
filtered before analysis.

Laboratory analysis of nitrate plus nitrite nitrogen con-
centrations was by EPA method 353.2 (O’Dell, 1993b); TKN 
was by EPA method 351.2 (O’Dell, 1993a); and OP and TP 
were by EPA method 365.1 (O’Dell, 1993c). Water-quality 
data were downloaded from the Minnesota Department of 
Natural Resources/MPCA Cooperative Stream Gaging web 
page (https://cf.pca.state.mn.us/eda/stationInfo.php?ID=S000-
001&ORG=MNPCA&wdip=2). Only MPCA data collected 
from 2007 to 2015 were used for this report. The MPCA uses 
the analytical results with daily streamflow to estimate nutrient 
loads using the “Flux32” load estimation program (Minnesota 
Pollution Control Agency, 2012).

https://cf.pca.state.mn.us/eda/stationInfo.php?ID=S000-001&ORG=MNPCA&wdip=2
https://cf.pca.state.mn.us/eda/stationInfo.php?ID=S000-001&ORG=MNPCA&wdip=2
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U.S. Geological Survey Continuous Nitrate 
Monitoring

Nitrate concentrations in the Cedar River near the outlet 
of the Middle Cedar River Basin have been measured at 
15-minute intervals during the ice-free season (March or April 
through November) using an instream optical nitrate sensor 
since 2009. The nitrate sensor (Hach® NITRATAX plus sc) ini-
tially was installed at the Cedar River at Cedar Rapids, Iowa, 
USGS gaging station (05464500). The sensor was operated 
at this site until October 2012, when it was moved upstream 
about 14 miles to the Cedar River at Blairs Ferry Road at Palo, 
Iowa, USGS gaging station (05464420).

The sensor uses the absorbance of ultraviolet light by 
nitrate, which is measured by a photometer and is converted 
to a nitrate concentration (Pellerin and others, 2013). Nitrate 
concentrations are recorded at 15-minute intervals, which then 
are used to calculate daily mean nitrate concentrations. Field 
maintenance for the nitrate sensor includes site inspection, 
instrument inspection and cleaning, field-blank or calibration 
checks, and discrete sample collection (Pellerin and others, 
2013). Field maintenance was scheduled on 6-week intervals 
or more frequently if needed. The daily mean nitrate concen-
trations were downloaded from the USGS National Water 
Information System database (U.S. Geological Survey, 2017).

Long-Term Monitoring Subbasins

Water sampled at the 11 long-term monitoring sites is 
a composite of water entering the river upstream from the 
sampling site. This water includes overland flow; groundwater 
inflow, direct and from subsurface drainage; and municipal 
discharge. The quality of water sampled is representative of 
the water entering the river upstream from the sampling site. If 
another sampling site is farther upstream, the water and nutri-
ent contributions from separate subbasins can be quantified. 
One subbasin would be the area draining to the river above the 
upstream sampling site and the second subbasin would be the 
area draining to the river below the upstream sampling site and 
above the downstream sampling site.

The 11 long-term monitoring sites resulted in 11 subba-
sins whose boundaries were delineated using the basin delin-
eation function of the USGS Geographic Information System 
StreamStats program (Ries and others, 2008). The subbasins 
were named for descriptive purposes for this report. The long-
term subbasins (fig. 6, table 5) are described briefly below.

Minnesota Cedar River.—This subbasin includes 399 mi2 
in Minnesota that drains to the Cedar River upstream from the 
sampling site near Austin, Minn. The Minnesota Cedar River 
subbasin includes the city of Austin, Minn. Several creeks are 
important tributaries to the Cedar River in the subbasin (Min-
nesota Pollution Control Agency, 2012).

Main Stem Upper Cedar River.—This subbasin includes 
655 mi2 in Minnesota and Iowa that drain to the Cedar River 
downstream from the sampling site near Austin, Minn., and 
upstream from the sampling site near Charles City, Iowa.

Little Cedar River.—This subbasin includes 607 mi2 in 
Minnesota and Iowa that drain to the Little Cedar River and 
to the main stem of the Cedar River downstream from the 
sampling site near Charles City, Iowa, and upstream from the 
sampling site at Janesville, Iowa.

Upper Winnebago River.—This subbasin includes 
526 mi2 in Minnesota and Iowa that drain to the Winnebago 
River upstream from the sampling site upstream from Mason 
City, Iowa. The city of Albert Lea, Minn., is in the Upper Win-
nebago River subbasin.

Shell Rock River.—This subbasin includes 1,220 mi2 
that drain to the Shell Rock River (excluding the Upper Win-
nebago River subbasin) upstream from the sampling site at 
Shell Rock, Iowa. This subbasin includes Mason City, Iowa.

West Fork Cedar River.—This subbasin includes 846 mi2 
that drain to the West Fork Cedar River upstream from the 
sampling site at Finchford, Iowa.

Beaver Creek.—This subbasin includes 347 mi2 that drain 
to Beaver Creek upstream from the sampling site near Cedar 
Falls, Iowa.

Black Hawk Creek.—This subbasin includes 326 mi2 that 
drain to Black Hawk Creek upstream from the sampling site at 
Waterloo, Iowa.

Wolf Creek.—This subbasin includes 327 mi2 that drain to 
Wolf Creek upstream from the sampling site at La Porte City, 
Iowa.

Main Stem Middle Cedar River.—This subbasin includes 
614 mi2 that drain to the main stem of the Cedar River 
downstream from the sampling site at Janesville, Iowa, and 
upstream from the sampling site upstream from Cedar Rapids, 
Iowa. The Main Stem Middle Cedar River subbasin does not 
include drainage from the Shell Rock River (Shell Rock River 
and Upper Winnebago River subbasins), the West Fork Cedar 
River subbasin, Beaver Creek subbasin , Black Hawk Creek 
subbasin, and Wolf Creek subbasin. The Main Stem Middle 
Cedar River includes the Cedar Falls/Waterloo metropolitan 
area.

Lower Cedar River.—This subbasin includes 1,445 mi2 
that drain to the Cedar River downstream from the sampling 
site upstream from Cedar Rapids, Iowa, and upstream from the 
sampling site near Conesville, Iowa. The Lower Cedar River 
subbasin includes the Cedar Rapids/Marion metropolitan area.

Calculation of Load and Yield

A load is a mass of constituent transported past a given 
site for a defined unit of time and a yield is the load divided 
by contributing drainage area. The transport of nitrogen and 
phosphorus in rivers and streams in the Cedar River Basin was 
quantified by estimating the daily load and yield at the synop-
tic study sites and by estimating the annual load and yield at 
the long-term monitoring sites. Subbasin loads were calcu-
lated by subtracting the load estimated at the upstream site(s) 
(if any) from the load at the sampling site at the mouth of the 
subbasin. Subbasin yields, given in pounds per acre, were 
calculated by dividing the subbasin load, in pounds, by the 
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Figure 6.  Long-term monitoring subbasins and their respective sampling sites in the Cedar River Basin, Iowa and Minnesota.
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difference in drainage area, in acres, between the sampling site 
and the drainage area at the next upstream sampling site(s).

Synoptic Loads and Yields
Water-quality and streamflow data were collected for 

each synoptic study in 2 or 3 days, and thus nutrient loads 
are reported in terms of pounds per day and nutrient yields 
in terms of pounds per day per square mile. Because flow 
conditions generally were stable during each synoptic study, 
the stream discharge measured at the time of sample collection 
and the concentration of each nitrogen and phosphorus species 
were assumed to be constant during the synoptic study. Daily 
loads and yields were estimated by multiplying the stream dis-
charge by the concentration and by the appropriate conversion 
factor to obtain daily load values in pounds per day. The daily 
load then was divided by the drainage area in square miles to 
obtain the daily yield in pounds per day per square mile.

Long-Term Load and Yield
Nitrate, TN, OP, and TP loads were calculated at each 

long-term monitoring site on an annual basis to quantify the 
amount transported from each subbasin. Annual nutrient loads 
were calculated in tons per year. Annual nitrate, TN, OP, and 
TP yields were used to directly compare transport from subba-
sins irrespective of their drainage areas. Nutrient yields were 
calculated in pounds per acre per year.

Annual nutrient loads and yields were estimated for 
11 subbasins within the Cedar River Basin and were based on 
data collected at the long-term monitoring sites. The drainage 

areas for the 11 subbasins are given in table 5. Annual nitro-
gen and phosphorus have been estimated using a number of 
methods (Lee and others, 2016), which at times have produced 
conflicting results (Schilling and others, 2017a). Load estima-
tion techniques used for this report were those selected by the 
IADNR to estimate statewide nitrate loads and those identified 
by Lee and others (2016) that provide greater accuracy and 
lower bias for estimating TP loads.

Daily nitrate, TN, OP, and TP loads at each long-term 
monitoring site were calculated from the daily constituent 
concentration and daily mean discharge. The daily mean 
discharge was obtained from a USGS streamgage at or near 
the long-term monitoring site. The drainage area ratio method 
(Hirsch, 1979) is used by the IADNR to adjust streamflow at 
sites where the streamgage is not collocated at the sampling 
site because it is assumed that flow at the USGS streamgage in 
relation to the sampling site is equal to the ratio of the drain-
age area at the streamgage and sampling site. For consistency, 
the drainage area ratio method is used for this report. Drainage 
area ratios for each long-term site are listed in appendix 1.

Daily nitrate concentrations in the Cedar River upstream 
from Cedar Rapids were from the continuous nitrate measure-
ments made at Cedar Rapids (2009–12) and from the Cedar 
River at Blairs Ferry Road at Palo (2012–15). Because of the 
short distance between these two sites (about 14.0 miles), 
nitrate concentrations measured in the Cedar River at Cedar 
Rapids were assumed to represent those measured upstream 
in the Cedar River at Palo. Missing data were filled using 
the IADNR data from Cedar River above Cedar Rapids and 
linear interpolation. Daily concentrations upstream from Cedar 
Rapids were estimated generally during late fall, winter, and 

Table 5.  Subbasins and their respective sampling sites in the Cedar River Basin, Iowa and Minnesota.

[mi2, square mile; MN, Minnesota; IA, Iowa]

Map identifier 
(fig. 6)

Subbasin name Subbasin sampling site name
Subbasin drainage 

area (mi2)

Upper Cedar River Basin

MNC Minnesota Cedar River Cedar River near Austin, MN 399
MUC Main Stem Upper Cedar River Cedar River near Charles City, IA 655
LIC Little Cedar River Cedar River at Janesville, IA 607

WFC West Fork Cedar River West Fork Cedar River at Finchford, IA 846
UWN Upper Winnebago River Winnebago River upstream from Mason City, IA 526
SHR Shell Rock River Shell Rock River at Shell Rock, IA 1,220

Middle Cedar River Basin

BEA Beaver Creek Beaver Creek near Cedar Falls, IA 347
BLH Black Hawk Creek Black Hawk Creek at Waterloo, IA 326
WOL Wolf Creek Wolf Creek at La Porte City, IA 327
MMC Main Stem Middle Cedar River Cedar River upstream from Cedar Rapids, IA 614

Lower Cedar River Basin

LOC Lower Cedar River Cedar River near Conesville, IA 1,445
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early spring when the nitrate sensor was not deployed. Linear 
interpolation was used to estimate daily nitrate concentrations 
from monthly IADNR samples collected from the Cedar River 
above Cedar Rapids.

Daily nitrate loads were provided by the IADNR (Cal-
vin Wolter, written commun., 2016). Daily TN, OP, and TP 
concentrations were estimated based on periodic samples 
collected from the 11 long-term monitoring sites in the Cedar 
River Basin (table 4). TN concentrations were not analyzed 
directly in the laboratory but were calculated by summing the 
dissolved nitrate and total organic nitrogen as nitrogen plus 
ammonia nitrogen (TKN) loads. Concentrations of dissolved 
nitrate and OP were estimated on days between samples using 
the fillMissing linear interpolation function in the smwrBase 
package (Lorenz, 2015), part of the USGS R library. Linear 
interpolation methods were used for nitrate for consistency 
(Schilling and others, 2017b) with the IADNR load estima-
tion procedures. Dissolved OP was assumed to be transported 
through the environment similar to dissolved nitrate, and thus 
linear interpolation was used to estimate daily OP concentra-
tions. Few examples of estimating daily OP concentrations 
and loads were in the literature; however, Schilling and 

others (2017a) and Garrett (2012) used regression models 
(LOADEST) with daily streamflow as an independent variable 
to estimate OP loads.

The linear interpolation method provides less accurate 
estimates for nondissolved constituents such as TKN and TP 
(Lee and others, 2016). The Weighted Regressions on Time, 
Discharge, and Season (WRTDS) model accurately estimates 
TN and TP loads (Lee and others, 2016) for long-term datas-
ets. Based on previous research, the WRTDS model was the 
first choice for estimating daily TN and TP concentrations. 
The WRTDS model was used in the “R” EGRET package 
(Hirsch and De Cicco, 2015). If the WRTDS model estimates 
produced a load bias greater than 10 percent, indicating that 
the WRTDS model produced a poor estimate of the actual 
concentration, an alternative “R” version of the LOADEST 
regression model (Runkel and others, 2004) then was used to 
estimate concentrations. Although the LOADEST can pro-
duce biased results (Hirsch, 2014), evaluation of the model 
bias statistic (table 6) indicated that for constituents at several 
sites, the LOADEST model that used only a streamflow fac-
tor produced estimates with a load bias of 10 percent or less. 
Unbiased load models for two constituents (TKN and TP) 

Table 6.  Methods used to estimate nitrogen and phosphorus loads at the long-term monitoring sites in the Cedar River Basin, 2000–15.

[N, nitrogen; P, phosphorus; MN, Minnesota; LINT, linear interpolation; NA, not applicable; WRTDS, Weighted Regressions on Time, Discharge, and Season; 
IA, Iowa; LDEST(1), LOADEST model 1; none, load calculated directly from mean daily nitrate concentrations and streamflow]

Long-term 
monitoring  
site number 

(fig. 3)

Station name

Load model

Nitrate-N Kjeldahl-N Ortho-P Total-P

Model
Bias 

statistic
Model

Bias 
statistic

Model
Bias 

statistic
Model

Bias 
statistic

Upper Cedar River Basin

1 Cedar River near Austin, MN LINT NA WRTDS 0.065 LINT NA WRTDS 0.048
2 Cedar River near Charles City, 

IA
LINT NA WRTDS −0.114 LINT NA WRTDS −0.055

3 Cedar River at Janesville, IA LINT NA WRTDS 0.019 LINT NA LDEST(1) −8.38
4 West Fork Cedar River at Finch-

ford, IA
LINT NA WRTDS −0.002 LINT NA WRTDS −0.015

5 Winnebago River upstream from 
Mason City, IA

LINT NA WRTDS −0.002 LINT NA WRTDS 0.000

6 Shell Rock River at Shell Rock, 
IA

LINT NA WRTDS 0.012 LINT NA WRTDS 0.028

Middle Cedar River Basin

7 Beaver Creek near Cedar Falls, 
IA

LINT NA WRTDS 0.056 LINT NA WRTDS 0.022

8 Black Hawk Creek at Waterloo, 
IA

LINT NA LDEST(1) 4.960 LINT NA LDEST(1) −3.95

9 Wolf Creek at La Porte City, IA LINT NA LDEST(1) −28.51 LINT NA LDEST(1) −11.49
10 Cedar River upstream from 

Cedar Rapids, IA 
LINT/
none

NA WRTDS −0.022 LINT NA WRTDS 0.018

Lower Cedar River Basin

11 Cedar River near Conesville, IA LINT NA WRTDS −0.025 LINT NA WRTDS −0.227
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from the Wolf Creek site were difficult to obtain. The “best” 
model (table 6) substantially underestimated the actual TKN 
and TP load. Because TKN is a small part of the TN load, this 
load bias probably had little effect on the estimated TN load 
in Wolf Creek. The TP estimates from the LOADEST model 
are used in this report as the best estimates available for Wolf 
Creek; however, they should be used with care. Examples 
showing the observed daily load estimated with the WRTDS 
model in relation to the observed daily load at two selected 
sites are shown in figure 7. All nitrogen and phosphorus 
concentration data from the periodic samples were used to 
develop the load models.

Calculation of Annual Subbasin Loads and Yields
Nutrient loads and yields in each subbasin were estimated 

using methods described for the long-term monitoring sites. 
On nested Cedar River main-stem sites, annual nutrient loads 
in subbasins were determined by difference. The annual load 
transported from the Little Cedar River, Shell Rock River, 
Main Middle Cedar River, and Lower Cedar River subbasins 

is the difference between the annual load at the downstream 
sampling site and the annual load at the upstream sampling 
site. Annual yield in the subbasin was the resulting load 
divided by the drainage area of the subbasin. Nutrient loads 
and yields for the Main Stem Upper Cedar River are based on 
the basin upstream from the sampling site at Charles City and 
include the Minnesota Cedar River subbasin.

Statistical Methods

Common nonparametric statistical methods that include 
the Kruskal-Wallis Test and the Wilcoxon Rank Sum Test 
were used to understand the magnitude of differences between 
nitrogen and phosphorus concentration, load, and yield in data 
grouped temporally and spatially (Helsel and Hirsch, 2002). 
Nonparametric statistics were used because grouped datasets 
were relatively small and could not be assumed to be nor-
mally distributed. The Kruskal-Wallis Test was used to test if 
the median of two or more groups was the same. The Wil-
coxon Rank Sum Test was used to test if median ranks from 
two related groups differ. Comparison between the relation 

Figure 7.  Observed daily total phosphorus and Kjeldahl nitrogen load in relation to the modeled daily load in the Cedar River near 
Austin, Minnesota, and in the West Fork Cedar River near Finchford, Iowa, 2000–15.
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(regression line) of annual stream runoff and constituent yield 
in different subbasins was made using analysis of covariance 
(ANCOVA) (McDonald, 2014). ANCOVA was used to deter-
mine whether the slope or intercept of the regression lines are 
significantly different

Transport of Nitrogen and Phosphorus 
During Base-Flow Periods

The concentrations of the nitrogen and phosphorus 
species varied seasonally during base-flow conditions in the 
Cedar River Basin. The average nitrate and TN concentra-
tions at the synoptic sampling sites were significantly (p<0.05, 
Kruskal-Wallis Test) less during dry fall conditions than dur-
ing normal fall and spring conditions. Nitrate concentrations 
ranged from 0.04 to 8.02 mg/L during the dry fall conditions 
but ranged from 3.28 mg/L to 12.6 mg/L during more normal 
fall conditions (table 7). Nitrate concentrations at the synoptic 
sampling sites were greatest during spring when concentra-
tions ranged from 5.01 mg/L to 17.4 mg/L.

As with nitrate concentrations, TN concentrations were 
significantly (p<0.05, Kruskal-Wallis Test) less during dry fall 
conditions than during normal fall conditions and spring con-
ditions. The mean TN concentration during fall (7.89 mg/L) 
was more than twice the average concentration (3.84 mg/L) 
during dry fall conditions. The average TN concentration dur-
ing spring was 36 percent greater than during fall and ranged 
from 6.11 mg/L to 17.7 mg/L.

The proportion of nitrogen in the dissolved phase (nitrate) 
was not significantly different (p>0.05, Kruskal-Wallis Test) 
during spring and normal fall conditions. Nitrate, on average, 
composed more than 90 percent of the nitrogen measured at 
the synoptic sites; however, this was not the case during dry 
fall base-flow conditions when, on average, nitrate composed 
65 percent of the TN. The proportion of nitrate to TN also was 
extremely variable during dry fall conditions ranging from 1.3 
to 96 percent. A significantly (p<0.05, Kruskal-Wallis Test) 
greater proportion of the nitrogen in the streams during this 
period was in the particulate form (table 7), possibly incorpo-
rated into living organic compounds such as aquatic plants and 
algae.

Unlike nitrate, OP concentrations were greater during the 
fall base-flow conditions than during spring base flow. Average 
OP concentrations in the Cedar River Basins were 0.060 mg/L 
during the fall and 0.025 mg/L in the spring (table 7); how-
ever, during dry fall base-flow conditions, the average OP con-
centration was 0.039 mg/L, slightly greater than the average 
spring concentration.

Concentrations of TP were not significantly (p>0.05 
Kruskal-Wallis Test) different at the synoptic sites during 
spring, fall, or dry fall base-flow conditions. The average 

annual TP concentration in spring was 0.126 mg/L and was 
0.121 mg/L in fall. Although there was much less water 
flowing in the streams and rivers, the average TP concentra-
tion (0.185 mg/L) was slightly greater during dry fall condi-
tions than during normal fall base-flow and spring base-flow 
conditions.

The proportion of phosphorus in the dissolved phase 
(OP) was significantly greater (p<0.05, Kruskal-Wallis Test) 
during fall base-flow conditions than during spring and dry fall 
base-flow conditions. OP composed almost 49 percent of the 
phosphorus at the synoptic sites during fall, but composed an 
average of 30 percent and 21 percent of the TP during spring 
and dry fall conditions, respectively.

Base-Flow Temporal Trends

The nitrogen and phosphorus yield in subbasins in the 
Cedar River Basin was highly variable during base-flow 
conditions. Although differences were observed at a number of 
sites, there was no significant (p>0.05) trend in nitrogen and 
phosphorus yields as whole from the beginning of the study 
period in the early 2000s to the end of the study period in the 
early 2010s. The most significant differences were observed 
among spring high base flow, fall low base flow, and dry 
fall base-flow conditions. Spatial differences in yields were 
observed seasonally.

Nitrogen and phosphorus yield from 21 Cedar River sub-
basins generally were greater during spring and dry fall condi-
tions in the early 2000s than in the early 2010s (table 8); for 
example, there was a significantly greater (p<0.05, Wilcoxon 
rank sum) average yield of nitrate, TN, and OP in May 2001 
than in May 2011. A similar trend was observed during dry 
conditions when the average nitrate, TN, OP, and TP yields 
were significantly (p<0.05, Wilcoxon rank sum) greater earlier 
in the study period than in the latter part (table 8). In contrast, 
the average TN yield was significantly greater (p<0.05, Wil-
coxon rank sum) during the latter part of the study in the fall 
of 2010 compared to the fall of 2000.

Nitrogen and phosphorus yields during dry fall conditions 
were consistently greater in 2002 than in 2012. The average 
nitrate, TN, OP, and TP yields were significantly (p<0.05, 
Wilcoxon rank sum) greater in 2002 than 2012 (table 8). These 
differences most likely were not the result of a long-term trend 
during the study but rather were the result of climatic condi-
tions at the time each synoptic study was completed. Annual 
rainfall in 2012 was less than one-half that in 2002 in the 
study area (fig. 4), resulting in substantially less discharge in 
2012 than in 2002 (fig. 5). Decreased transport from contrib-
uting basins, increased instream uptake by algae and plants, 
and increased instream denitrification (Mosley, 2015) during a 
period of smaller streamflow may result in smaller yields dur-
ing increasingly dry conditions.
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Table 7.  Seasonal variability in nitrogen and phosphorus concentration and yield at synoptic sampling sites in the Cedar River Basin, 
2000–12.

[N, nitrogen; P, phosphorus; <, less than]

Constituent Season
Number of 
samples

Mean Median Minimum Maximum

Concentration, in milligrams per liter

Nitrate-N Spring 34 9.93 9.38 5.01 17.4
Fall 42 7.21 6.98 3.28 12.6
Dry fall 42 2.79 2.39 0.04 8.02

Total nitrogen Spring 34 10.7 10.4 6.11 17.7
Fall 42 7.89 7.83 3.63 12.8
Dry fall 42 3.84 3.44 0.32 8.34

Orthophosphate-P Spring 34 0.025 0.020 0.004 0.070
Fall 42 0.060 0.036 0.005 0.190
Dry fall 42 0.039 0.020 0.004 0.473

Total phosphorus Spring 34 0.126 0.124 0.004 0.306
Fall 42 0.121 0.134 0.017 0.260
Dry fall 42 0.185 0.152 0.020 0.740

Yield, in pounds per square mile per day

Nitrate-N Spring 34 69.8 64.9 30.7 157
Fall 42 16.1 14.6 3.87 35.1
Dry fall 42 2.14 1.26 0.009 10.5

Total nitrogen Spring 34 75.3 70.2 31.6 165
Fall 42 17.8 17.3 3.92 36.4
Dry fall 42 2.93 1.80 0.044 11.5

Orthophosphate-P Spring 34 0.184 0.148 0.026 0.650
Fall 42 0.130 0.053 0.008 0.396
Dry fall 42 0.026 0.009 <0.001 0.213

Total phosphorus Spring 34 0.920 0.855 0.019 2.10
Fall 42 0.291 0.348 0.015 0.561
Dry fall 42 0.142 0.151 0.002 0.703
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Table 8.  Summary of daily nitrogen and phosphorus yields from synoptic subbasins in the Cedar River Basin during the early 2000s in 
relation to those during the early 2010s.

[N, nitrogen; P, phosphorus; bold font indicates yield is significantly greater ( p<0.05, Wilcoxon rank sum)]

Date Constituent
Number of 
subbasins

Constituent yield, in pounds per square mile per day

Minimum Maximum Mean Median

Spring

May 2001 Nitrate-N 13 58.5 157 90.4 78.6
May 2011 Nitrate-N 21 30.7 86.2 57.0 50.8
May 2001 Total nitrogen 13 62.2 165 96.6 85.0
May 2011 Total nitrogen 21 31.6 90.0 62.1 57.4
May 2001 Orthophosphate-P 13 0.049 0.650 0.280 0.298
May 2011 Orthophosphate-P 21 0.026 0.378 0.125 0.057
May 2001 Total phosphorus 13 0.019 1.79 1.04 1.32
May 2011 Total phosphorus 21 0.194 2.10 0.844 0.855

Fall

November 2000 Nitrate-N 21 3.87 27.3 13.8 14.1
October 2010 Nitrate-N 21 3.96 35.1 18.4 15.5
November 2000 Total nitrogen 21 3.92 28.8 15.0 15.5
October 2010 Total nitrogen 21 4.26 36.4 20.7 18.9
November 2000 Orthophosphate-P 21 0.008 0.396 0.199 0.273
October 2010 Orthophosphate-P 21 0.008 0.272 0.061 0.025
November 2000 Total phosphorus 21 0.015 0.542 0.274 0.341
October 2010 Total phosphorus 21 0.048 0.561 0.307 0.356

Dry fall

September 2002 Nitrate-N 21 1.14 10.54 3.75 2.92
September 2012 Nitrate-N 21 0.01 3.04 0.52 0.40
September 2002 Total nitrogen 21 1.23 11.50 4.78 4.03
September 2012 Total nitrogen 21 0.044 3.26 1.09 1.38
September 2002 Orthophosphate-P 21 0.004 0.185 0.035 0.026
September 2012 Orthophosphate-P 21 0.000 0.213 0.017 0.002
September 2002 Total phosphorus 21 0.008 0.703 0.191 0.183
September 2012 Total phosphorus 21 0.002 0.296 0.094 0.060
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Seasonal Variability During Base Flow

Cedar River subbasins yielded more nitrogen and phos-
phorus during spring base-flow conditions than during fall 
base-flow conditions. Most of the nitrogen was in the dis-
solved species, but this varied by constituent and season.

The TN yield was significantly greater during spring 
when base flow and nitrogen concentrations are greater. The 
average TN yield in spring was 75.3 pounds per square mile 
per day (lb/mi2/day), more than 4.0 times the average yield 
(17.8 lb/mi2/day) during fall base flow (table 7). During the 
dry falls of 2002 and 2012, the average TN yield was even 
less (2.93 lb/mi2/day) than during a fall with normal rainfall. 
Most of the nitrogen from the subbasins is in the dissolved 
form, nitrate. The average nitrate during the spring was 
69.8 lb/mi2/day and was 16.1 lb/mi2/day during fall base-flow 
conditions. The average nitrate yield during spring was 93 per-
cent of the average TN yield. The proportion of the TN in the 
form of nitrate during the fall was slightly less (about 90 per-
cent). During dry fall base flow conditions, a smaller propor-
tion (73 percent) of the TN yield was as nitrate.

As with nitrogen, subbasins in the Cedar River Basin on 
average yielded greater amounts of TP during spring base-flow 
conditions than were yielded during fall base-flow conditions. 
Average TP yield in spring was 0.92 lb/mi2/day; more than 
3.0 times the average yield (0.29 lb/mi2/day) during fall base 
flow (table 7). During the dry falls of 2002 and 2012, the aver-
age TP yield was even less (0.14 lb/mi2/day) than during a fall 
with normal rainfall. Most of the phosphorus transported from 
the subbasins is in the particulate form. The average OP yield 
during spring was about 20 percent of the average TP yield. 
The proportion of the TP in the form of OP during the fall was 
slightly greater (about 45 percent). During dry fall base-flow 
conditions, 18 percent of the TP yield was as OP.

Spatial Differences During Base-Flow 
Conditions

In addition to the seasonal variability in nitrogen and 
phosphorus yields, there were distinct spatial differences in 
nitrogen and phosphorus yields among subbasins during base-
flow conditions.

The average TN yields during the two spring base-flow 
synoptic studies were greater than 50 lb/mi2/day in all sub-
basins except for three subbasins adjacent to the main stem 
of the Cedar River downstream from Waterloo (fig. 8) where 
the average TN yields were less than 25 lb/mi2/day. However, 
the average nitrate yields during spring base flow were greater 
than 50 lb/mi2/day only in subbasins upstream from Waterloo 
in the Upper Cedar River Basin and in Blackhawk, Beaver, 
and Wolf Creek subbasins in the Middle Cedar River Basin 

(fig. 8). Spring nitrate yields from subbasins along the main 
stem of the Cedar River downstream from Waterloo gener-
ally were less than 25 lb/mi2/day (fig. 8). The difference in 
yield between the TN and nitrate in the Lower four subbasins 
indicates that these areas contributed a greater proportion of 
organic nitrogen and ammonia in relation to nitrate than did 
subbasins upstream from Waterloo.

Generally, the nitrate and TN yield were more uniform 
throughout the Cedar River Basin in the fall. The TN yield in 
several main stem Cedar River Basins was 0.0 or less. A zero 
or negative calculated yield indicates that the amount of nitro-
gen leaving the subbasin was equal to or less than what was 
entering the subbasin. Conditions in the river in the fall were 
suitable for uptake of nitrogen by algae and plants and stream-
bed denitrification; processes that could remove nitrogen from 
the water column.

During dry fall conditions, the nitrate and TN yields are 
uniform throughout the Cedar River Basin. Except for the 
Cedar River just upstream of Cedar Falls, the average nitrate 
and TN yield was less than 25 lb/mi2/day (fig. 8).

Phosphorus yield was not uniform across the Cedar 
River Basin during base-flow conditions in the early 2000s 
and 2010s. The average OP and TP yield for each subbasin 
ranged from 0.0 lb/mi2/day or less (net loss) to more than 
1.5 lb/mi2/day and was variable from parts of the Cedar River 
Basin during spring and fall base-flow conditions (fig. 9).

Several basins had a net yield of 0.0 lb/mi2/day or a 
loss of OP and TP. These subbasins may have contributed 
small amounts of phosphorus during the synoptic studies, but 
the yield may have been less than could be measured using 
the techniques described earlier. Subbasins that yielded no 
measurable OP in spring included parts of the Upper Cedar 
River (site S3) and several Cedar River main stem subbasins 
downstream from Waterloo, Iowa (sites S11, S15, and S16). 
During the fall, several subbasins (sites S2, S4, S15, and S20) 
scattered throughout the Cedar River Basin yielded no OP 
(fig. 9A). During dry fall conditions, an area upstream from 
Waterloo, Iowa, along the main stem of the Cedar River did 
not contribute additional OP to the river (fig. 9A). A net loss or 
0.0 lb/mi2/day yield of TP was only at a small number of sites 
during low base-flow conditions in the fall (fig. 9B).

There was a consistent pattern of the largest OP and TP 
yields in the western subbasins in the Upper and Middle Cedar 
River Basin during spring base-flow conditions. These subba-
sins were drained by the Shell Rock and the West Fork Cedar 
Rivers, and Beaver, Black Hawk, and Wolf Creeks. Only two 
subbasins (sites S15 and S21) on the main stem of the Cedar 
River yielded more TP than these subbasins.

As expected, the OP and TP yields during fall base flow 
generally was less than during spring base-flow conditions and 
the greatest yields now were in subbasins that included the cit-
ies of Waterloo and Cedar Rapids, Iowa.
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Figure 8.  Nitrogen yield during spring (2001, 2011), fall (2000, 2010), and dry fall (2002, 2012) base-flow conditions in Cedar River 
subbasins. A, nitrate nitrogen yield. B, total nitrogen yield.
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Figure 9.  Phosphorus yield during spring (2001, 2011), fall (2000, 2010), and dry fall (2002, 2012) base-flow conditions in Cedar River 
subbasins. A, Orthophosphate. B, Total phosphorus.
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Transport of Nitrogen and Phosphorus, 
2000–15

The annual average TN load transported from the 
Cedar River Basin to the Iowa River from 2000 to 2015 was 
53,100 tons (table 9). The annual load varied substantially 
from 15,400 tons in 2012, which was drier than normal 
(annual runoff of 4.53 in.), to 102,000 tons in 2008 during wet 
(annual runoff of 24.6 in.) climatic conditions. Most (about 
82 percent) of the nitrogen transported from the Cedar River 
Basin was in the dissolved nitrate form. The annual dissolved 
nitrate load averaged 43,900 tons and ranged from 10,900 to 
84,700 tons/yr. As with TN loads, the smallest annual nitrate 
loads were in 2012 and the largest in 2008. The annual aver-
age nitrogen load transported from the Cedar River Basin 
represents a yield (loss) of 21.3 lb/acre and 17.6 lb/acre for TN 
and nitrate, respectively (table 9). The 2000–15 TN yield was 
less than the estimated average annual TN yield of 26.6 lb/acre 
from the Cedar River Basin in 1996–98 (Becher and others, 
2001).

The annual average TP load transported from the Cedar 
River Basin in 2000–15 was 2,510 tons and ranged from 934 
to 5,970 tons (table 9). The smallest amount of TP was during 
2012 and the greatest during 2008. The annual OP load aver-
aged 930 tons and ranged from 251 tons in 2002 to 2,060 tons 
in 2008. In contrast to nitrogen, much of the phosphorus trans-
ported from the Cedar River Basin was in the particulate form. 
An average of 37 percent of the phosphorus was transported as 
dissolved OP. The average annual phosphorus load transported 
from the Cedar River Basin represents an annual phosphorus 
loss of 1.01 lb/acre of TP and 0.37 lb/acre of OP. The annual 
yield for 2000–15 was greater than the estimated annual TP 
yield of 0.86 lb/acre for 1996–98 (Becher and others, 2001).

Upper, Middle, and Lower Cedar River Basins

The Upper Cedar River Basin contributed the largest 
amount of nitrogen from the Cedar River Basin in 2000–15. 
On average, about 30,000 tons per year (tons/yr) of TN were 
transported from the Upper Cedar River Basin followed by 
14,900 tons/yr of TN from the Middle Cedar River Basin and 
9,760 tons/yr from the Lower Cedar River Basin (table 9). 
The average amount of TN lost per acre per year was similar 
in the Upper (22.0 lb/acre) and Middle (22.3 lb/acre) Cedar 
River Basins during the 2000–15 study. A slightly smaller 
amount of TN was lost (21.1 lb/acre) from the Lower Cedar 
River Basin. Much of the nitrogen transported was in the form 
of dissolved nitrate. Of the 30,000 tons/yr transported from 
the Upper Cedar River Basin, an average of about 87 percent 
(26,000 tons) was as nitrate (table 9). Nitrate constituted 
about 84 percent (12,500 tons/yr) of the nitrogen transported 
from the Middle Cedar River Basin and about 70 percent 
(6,860 tons/yr) of the nitrogen transported from the Lower 
Cedar River Basin.

Nitrogen transport from 2000 to 2015 in the Upper, 
Middle, and Lower Cedar River Basins was highly variable. 
Nitrogen transport was greatest in 2008, when runoff was the 
highest, and lowest in 2012 during drought conditions that 
resulted in little runoff. TN and nitrate transport in 2008 were 
commonly an order of magnitude greater than in 2012. The 
maximum TN transport was 53,600 tons/yr from the Upper 
Cedar River Basin, 28,700 tons/yr from the Middle Cedar 
River Basin, and 23,400 tons/yr from the Lower Cedar River 
Basin. The annual yield of TN in the Upper, Middle, and 
Lower Cedar River Basins ranged from less than 4.0 lb/acre to 
50 lb/acre or more.

In contrast to nitrogen, the largest amount of phosphorus 
was transported from the Lower Cedar River Basin. An annual 
average of 1,020 tons/yr of TP was transported from the Lower 
Cedar River Basin. This annual average was 187 tons/yr more 
than from the Upper Cedar River Basin (833 tons/yr) and 
290 tons/yr more than from the Middle Cedar River Basin 
(730 tons/yr) (table 9). The dissolved OP constituted about 
39 percent of the TP transported from the Upper Cedar River 
Basin, about 37 percent of the TP transported from the Middle 
Cedar River Basin, and 31 percent of the TP transported 
from the Lower Cedar River Basin. As with nitrogen, phos-
phorus transport was extremely variable from 2000 to 2015. 
The maximum annual TP transported from the Upper and 
Middle Cedar River Basins differed by more than an order of 
magnitude. Annual TP transported was more uniform in the 
Lower Cedar River Basins, ranging from 470 tons/yr in 2012 
to 1,960 tons/yr in 2008. Loss of phosphorus from the Lower 
Cedar River Basin (TP yield of 2.21 lb/acre) was more than 
2 times that from the Middle Cedar River Basin (TP yield of 
1.09 lb/acre) and 3.6 times that from the Upper Cedar River 
Basin (TP yield of 0.61 lb/acre).

Long-Term Monitoring Subbasins

Although the amount of nitrogen and phosphorus trans-
ported from the Upper and Middle Cedar River Basins was 
similar, transport was variable from smaller subbasins within 
the basins. The load and yield varied from year to year.

Nitrogen
As expected, larger amounts of nitrogen and phosphorus 

were transported from the larger subbasins. The largest aver-
age annual TN load for the 2000–15 study period was from the 
Lower Cedar River subbasin. The largest average annual TN 
load was 9,470 tons from this 1,445-mi2 subbasin (table 10). 
The 655-mi2 Main Stem Upper Cedar River subbasin had the 
second greatest average annual TN load with 9,380 tons, and 
the third greatest annual average (8,130 tons) was from the 
1,220-mi2 Shell Rock River subbasin (table 10). The smallest 
average annual TN load (2,760 tons) was transported from the 
526-mi2 Upper Winnebago River subbasin (table 10), which 
is nested within the Shell Rock River subbasin. The Little 
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Cedar River subbasin contributed one of the smallest average 
annual TN loads (3,170 tons). Three Cedar River tributaries, 
Beaver, Black Hawk, and Wolf Creeks in the Middle Cedar 
River Basin, discharged an annual average of 3,400 tons or 
less (table 10).

Most of the nitrogen transported in rivers and streams 
was in the dissolved nitrate form. The dissolved part of the 
TN load varied from subbasin to subbasin in the Cedar River 
Basin. Dissolved nitrate comprised more than 80 percent of 
the TN transported from all but two subbasins (the Main Stem 
Middle Cedar River and the Lower Cedar River). The largest 
percentage of TN transported as nitrate was more than 90 per-
cent in the Black Hawk Creek and West Fork Cedar River 
subbasins. In the remaining seven subbasins, between 80 and 
90 percent of the TN was transported as nitrate; however, the 
largest amounts of nitrate were not always transported from 
the largest subbasins. An annual average of 6,700 tons of 
nitrate was transported from the largest subbasin, the Lower 
Cedar River (table 10). This was almost 1,500 tons/yr less than 
from the third largest subbasin, the Main Stem Upper Cedar 
River, and was similar to the nitrate (6,790 tons/yr) transported 
from the Shell Rock River, the second largest subbasin.

Although average annual TN loads were some of the 
smallest measured, Beaver Creek, Black Hawk Creek, and 
Wolf Creek subbasins in the Middle Cedar River Basin yielded 
the largest amount of TN on a per acre basis. These subbasins 
yielded an annual average of more than 30 lb/acre, of which 
more than 25 lb/acre were as nitrate. The smallest annual TN 
yield was from the Main Stem Middle Cedar River subbasin 
and the Little Cedar River subbasin. The two Shell Rock River 
subbasins (Upper Winnebago River and Shell Rock River) 
also yielded some of the smallest amounts of TN (table 10).

Phosphorus
The average annual TP load ranged from 63 tons in the 

Little Cedar River subbasin to 981 tons from the Lower Cedar 
River subbasin. As with TN, the largest average annual load 
originated from the largest subbasin, but TP loads did not 
always correlate with the size of the subbasin; for example, the 
second greatest annual average load (381 tons) was trans-
ported from the Main Stem Middle Cedar River subbasin, a 
subbasin about one-half the size (table 5) of the second largest 
subbasin (Shell Rock River). The Main Stem Upper Cedar 
River and Shell Rock River subbasins transported more than 
260 tons of TP yearly.

The dissolved OP load generally was less than 50 percent 
of the TP load, but this proportion varied throughout the Cedar 
River Basin; however, the average proportion of OP to TP was 
59 and 55 percent in the Minnesota Cedar River and Main 
Middle Cedar River subbasins, respectively. The dissolved 
OP load part of the TP load was less than 20 percent in the 
Wolf Creek subbasin, which is less than reported in other Iowa 
agricultural basins (Schilling and others, 2017b).

The average annual OP yield ranged from 0.160 tons/acre 
to 0.800 tons/acre, and the average annual TP yield ranged 

from 0.351 tons/acre to 2.12 tons/acre. Generally, the subbasin 
with the largest average annual loads of OP and TP were the 
same subbasins with the largest yields of these constituents 
on a per acre basis. The Lower Cedar River subbasin yielded 
2.12 lb/acre of TP and 0.800 lb/acre of OP. Beaver Creek, 
Wolf Creek, and Main Stem Middle Cedar River subbasins 
also yielded more than 1.00 lb/acre (table 10). In contrast, the 
average annual TP yield from the Little Cedar River subbasin 
(0.351 lb/acre) was only about 16 percent of the yield from the 
greatest TP yielding Lower Cedar River subbasin.

Spatial Variability
The transport of nitrogen and phosphorus was not uni-

form across subbasins in the Cedar River Basin in the decade 
and a half that extended from 2000 to 2015. Instead, the 
annual nitrogen and phosphorus yields varied spatially (see 
appendix 1).

Nitrogen
The greatest nitrogen yielding areas were from subba-

sins drained by Cedar River tributaries in the Middle Cedar 
River Basin (fig. 10). The average annual TN yield from the 
Beaver Creek, Black Hawk Creek, and Wolf Creek sub-
basins exceeded 30 lb/acre. The smallest TN yielding sub-
basins were the Little Cedar River, Upper Winnebago River, 
Shell Rock River, and Main Middle Cedar River subbasins. 
The annual average yield in these subbasins was from 15 to 
about 20 lb/acre. Nitrate, which composes most of the TN 
transported in the Cedar River (see previous discussion), 
was lost from subbasins in a similar pattern. The smallest 
nitrate yielding subbasins were in the most downstream part 
of the Cedar River Basin. The nitrate yield in the Main Stem 
Middle Cedar River and the Lower Cedar River subbasins was 
15 lb/acre or less (fig. 10). The nitrate yield from major Cedar 
River tributaries, West Fork Cedar River, Beaver Creek, Black 
Hawk Creek, and Wolf Creek as well as the Upper Cedar 
River subbasins Minnesota Cedar River and Main Stem Upper 
Cedar River subbasins was from 20 to 30 lb/acre. The Shell 
Rock River and its nested subbasin, the Upper Winnebago 
River, and the Little Cedar River subbasins yielded from 15 to 
20 lb/acre (fig. 10).

Phosphorus
The average annual TP yield generally increased from the 

headwaters in Minnesota to the mouth of the Cedar River in 
Iowa (fig. 11). The average annual TP ranged from 0.50 lb/acre 
or less in the Upper Cedar River Basin to 2.0 lb/acre or less in 
the Middle Cedar River Basin and more than 2.0 lb/acre in the 
Lower Cedar River Basin (fig. 11).

The greatest average annual OP yields were in the most 
upstream Minnesota Cedar River subbasin and the most down-
stream Main Stem Middle Cedar River and the Lower Cedar 
River subbasins that contain large urban areas. The average 
annual TP yield was less than 1.00 lb/acre in all Upper Cedar 
River subbasins (fig. 11).
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Figure 10.  Spatial variability of the average annual yield of nitrate nitrogen and total nitrogen in long-term monitoring subbasins in the 
Cedar River Basin, 2000–15.
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Figure 11.  Spatial variability of the average annual yield of dissolved orthophosphate and total phosphorus in long-term monitoring 
subbasins in the Cedar River Basin, 2000–15.
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Temporal Trend
The transport of nitrogen and phosphorus varied spatially 

among subbasins and varied year to year from 2000 to 2015. 
The amount of nitrogen and phosphorus transported from 
11 subbasins within the Cedar River Basin, except for TP from 
two subbasins, did not change significantly (p>0.05) during 
2000–15. Transport was correlated significantly (p<0.05) with 
river streamflow, and thus the annual nitrate, TN, OP, and TP 
generally were smallest in 2002 and 2012, the driest years, and 
largest in 2008, the wettest year during the study. The annual 
variability and trends in TN and TP transport from typical 
subbasins in the Upper (Upper Winnebago River) and Middle 
(Wolf Creek) Cedar River Basins are shown in figure 12. 
There generally was a weak nonsignificant upward trend in the 
amount of TN transported from the subbasins during 2000–15. 
One explanation of this weak trend may be that rainfall, and 
subsequently runoff, was greater in the second half of the 
study period than in the first half (figs. 4 and 5). Similar to the 
lack of a trend in TP concentrations in the Cedar River Basin 
(Wang and others, 2016), there was no change in the amount 
of TP transported from most subbasins during 2000–15.

TP transport from most subbasins did not change from 
2000 through 2015, with two notable exceptions. A statisti-
cally significant (p<0.05) linear increase in TP load (fig. 13) 
from 2000 to 2015 was in two main stem Cedar River subba-
sins that include the Waterloo and Cedar Rapids urban areas. 
Based on the linear trend, the estimated (fig. 13) annual load 
transported from the Main Stem Middle Cedar River subba-
sin increased from 106 tons in 2002 to 673 tons in 2014. The 

estimated annual load transported from the Lower Cedar River 
subbasin increased from 485 tons in 2001 to 1,560 tons in 
2014 (fig. 13). The annual rate of increase was about 8 percent 
per year from both subbasins.
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Figure 13.  The trend in the transport of total phosphorus from 
the Main Stem Middle Cedar River and Lower Cedar River 
subbasins, 2000–15. [Main Stem Middle Cedar River; R 2 =0.37; 
annual load = year (47.243)−94,474; Lower Cedar River coefficient 
of determination (R 2) =0.36; annual load = year (82.341)−164,279]
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The increasing trend in TP load may be described more 
accurately by a step trend rather than a linear trend. Precipita-
tion in the Cedar River Basin (fig. 4) was significantly greater 
during the second half of the study than the first half. The 
annual TP transport was significantly greater (p<0.05, Wil-
coxon rank sum) from the Main Stem Middle Cedar River 
and Lower Cedar River subbasins during the second half 
(2008–15) than during the first half (2000–7) of the study 
period. The average annual TP load transported from the Main 
Stem Middle Cedar River subbasin more than quadrupled 
from 144 tons during the first half of the study to 600 tons dur-
ing the second half of the study (fig. 14). Similarly, the aver-
age annual TP load transported from the Lower Cedar River 
subbasin more than doubled from 623 tons during the first 
half of the study to 1,420 tons during the second half of the 
study (fig. 14). The average annual runoff from both subbasins 
during the second half of the study was about twice the runoff 
during the first half of the study.

Transport in the Main Stem Upper Cedar River 
Subbasin

Because of the shorter period of available data for the 
Minnesota Cedar River subbasin, nutrient load and yields 
for the Main Stem Upper Cedar River subbasin were com-
pared with those in other subbasins. Water-quality and stream 
discharge data for the Minnesota Cedar River subbasin were 
only available from 2007 to 2015. This 9-year dataset is suf-
ficient to partition out nutrient loads from the nested Minne-
sota Cedar River subbasin from loads in the Main Stem Upper 
Cedar River subbasin. The Minnesota Cedar River subbasin 
is 26.7 percent of the area of the Cedar River Basin upstream 
from the Charles City, Iowa (Main Stem Upper Cedar River) 
sampling site.

The Minnesota Cedar River subbasin on average con-
tributed about one-third of the nitrogen and between 44 and 
65 percent of the phosphorus load from the Main Stem Upper 

Cedar River subbasin (table 11). The average annual loss 
(yield) of TN and nitrate in pounds per acre was not substan-
tially different between the two subbasins (table 11). Loss of 
phosphorus was greatest in the Minnesota Cedar River sub-
basin. The average annual OP yield in the Minnesota Cedar 
River subbasin was 3.6 times greater than from the Main Stem 
Upper Cedar River subbasin. The average annual TP yield in 
the Minnesota Cedar River subbasin was 1.4 times greater 
than from the Main Stem Upper Cedar River subbasin.
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Figure 14.  A comparison of the average annual total phosphorus 
load between the first half (2000–7) and second half (2008–15) of 
the study in the Main Stem Middle Cedar and Lower Cedar River 
Basins. Annual loads are significantly greater during the second 
half of the study.

Table 11.  Summary of annual nutrient load and yield in Minnesota Cedar River and Main Stem Upper Cedar River subbasins, 2007–15.

[N, nitrogen: P, phosphorus]

Map 
identifier 

(fig. 6)
Subbasin name Constituent

Load, in tons Yield, in pounds per acre

Minimum Mean Median Maximum Minimum Mean Median Maximum

MNC Minnesota Cedar 
River

Nitrate-N 563 3,120 3,010 5,800 4.41 24.5 23.6 45.4
Total nitrogen 658 3,610 3,410 6,300 5.16 28.3 26.7 49.4
Orthophosphate-P 30.4 73.0 71.4 118 0.238 0.572 0.559 0.924
Total phosphorus 50.3 124 126 176 0.394 0.979 1.02 1.37

MUC Main Stem 
Upper Cedar 
River

Nitrate-N 1,130 6,050 5,160 11,300 5.08 27.1 23.1 50.7
Total nitrogen 1,270 6,780 5,900 12,600 5.68 30.4 26.4 56.5
Orthophosphate-P 0.0 40.0 35.0 81.0 0.000 0.179 0.155 0.364
Total phosphorus 12.0 156 155 284 0.055 0.701 0.694 1.27
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Relation Between Nutrient Transport 
and Runoff

Rainfall, and subsequent runoff, has been a major factor 
in the transport of nutrients from the landscape. Increasing 
amounts of runoff yield increasing amounts of nitrogen and 
phosphorus. Generally, the smallest nitrogen and phosphorus 
yielding subbasins corresponded to the smallest stream runoff 
(table 10), indicating that rainfall also was an important factor 
in the transport of these nutrients from the Cedar River Basin 
in Iowa and Minnesota from 2000 to 2015.

Rainfall that was extremely variable from year to year 
during the study period (fig. 4) generated streamflow (runoff) 
that ranged from near record lows in 2012 to record highs in 
2008. The average annual runoff for this period thus represents 
a wide range of flow conditions. As with rainfall, runoff gener-
ally increases from the northwest to the southeast in the Cedar 
River Basin (fig. 15). The average annual runoff increased 
from 10.18 in. from the Shell Rock River subbasin to 13.01 in. 
from the Lower Cedar River subbasin (table 10).

In the Cedar River Basin, the relation between annual 
runoff and annual TN and TP yields was highly variable but 
was statistically significant (p<0.05) in all subbasins during 
the study period. The relation between runoff and nutrient 
yield is variable, although the amount of annual nutrient trans-
port increases with increases in annual runoff. An example 
of the difference in the relation between runoff and TN and 
TP yields from the Wolf Creek and Upper Winnebago River 
subbasins is shown in figure 16. Annual runoff in Wolf Creek 
ranged from 2.27 in. to 30.5 in., annual TN yield ranged from 
4.73 lb/acre to 89.7 lb/acre, and TP ranged from 0.08 lb/acre 
to 5.73 lb/acre. During the same period, the runoff in the 
Upper Winnebago River ranged from 2.28 in. to 16.5 in., TN 
ranged from 1.64 lb/acre to 32.1 lb/acre, and TP ranged from 
0.09 lb/acre to 1.10 lb/acre (fig. 16). Annual yields of TN and 
TP are highly correlated (p<0.05) and are linearly related to 
annual runoff (table 12). The regression slope of the rela-
tion between annual runoff and annual TN and TP yields was 
significantly (p<0.05, ANCOVA) greater for Wolf Creek than 
for the Upper Winnebago River, which indicates that for a 
given amount of runoff, more TN or TP was transported from 
the Wolf Creek subbasin than from the Upper Winnebago 
River subbasin. Slopes of the regression represent rates of loss 
(yield) in relation to runoff from each subbasin; for example, 
the predicted annual TN yield with an annual runoff of 15 in. 
is about 31 percent less from the Upper Winnebago River 
subbasin (27.3 lb/acre) than from the Wolf Creek subbasin 
(39.4 lb/acre). Similarly, the predicted annual TP yield with 
an annual runoff of 15 in. is 46 percent less from the Upper 
Winnebago River subbasin (1.00 lb/acre) than from the Wolf 
Creek subbasin (1.86 lb/acre).

There was a highly correlated, statistically significant 
(p<0.05) relation between annual runoff and nitrate, TN, OP, 
and TP in all studied Cedar River subbasins. This relation 
was not uniform from subbasin to subbasin (fig. 17). Several 

factors probably affect the runoff/yield relation. Linear regres-
sion equations quantifying the relation between annual runoff 
and the annual yield of nitrate, TN, OP, and TP are listed in 
table 12. Equations were developed by forcing the regression 
through the origin; in other words, no stream runoff would 
result in no nutrient transport.

Figure 15.  Spatial variability of the average annual stream runoff 
from long-term monitoring subbasins in the Cedar River Basin, 
2000–15.
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Based on the resulting TN/runoff regression slope, sub-
basins were categorized into three groups. The first group of 
subbasins that yielded the largest amount of TN for a given 
amount of runoff (table 12) includes three Middle Cedar River 
subbasins: Beaver Creek, Black Hawk Creek, and Wolf Creek. 
A subbasin in the Upper Cedar River, the Main Stem Upper 
Cedar River, which includes the Minnesota Cedar River sub-
basin, also was among the top four yielding subbasins. Slopes 
of the annual TN/runoff regression for this group of sub-
basins ranged from 2.393 to 2.633 with an average of 2.491 
(table 12).

The second group of subbasins includes three from the 
Upper Cedar River with intermediate annual TN/runoff regres-
sion slopes that ranged from 1.819 to 2.182 with an average 
of 1.997. These subbasins included the Shell Rock River and 
its nested subbasin, the Upper Winnebago River, and the West 
Fork Cedar River. The TN yield in relation to runoff from this 
group of subbasins was significantly (p<0.05, ANCOVA) less 
than the first group.

The Main Stem Middle Cedar River and the Lower 
Cedar River along with the Little Cedar River had the small-
est regression slopes (table 12). The three subbasins with the 
smallest TN runoff/yield ratios were from 40 to 60 percent 
less than the three subbasins with the greatest rates of TN to 
runoff. These subbasins generally correspond to those with the 
smallest annual TN loads but do not correspond to subbasins 
with the smallest runoffs; for example, the Main Stem Middle 
Cedar River and the Lower Cedar River subbasins had the 
largest average annual runoffs (table 10) but were two of the 
lowest yielding subbasins. The lack of correlation between 
the amount of runoff and the runoff/yield ratio indicates that 

factors other than precipitation contribute to transport of nitro-
gen from the Cedar River Basin.

The relation between annual runoff and annual TP yield 
was variable in the 11 long-term monitoring subbasins and 
generally fell within 4 distinct groups (fig. 17). In the first 
TP group, the TP yield/runoff regression slope was greater 
than 0.10 in the Lower Cedar River (0.150) and the Wolf 
Creek (0.124) subbasins. In the second group, the regression 
slope ranged from 0.080 to 0.089. The regression slopes in 
group 2 were significantly less (p<0.05, ANCOVA) than in 
group 1. Subbasins in group 2 included, in decreasing order, 
the Main Stem Middle Cedar River, Beaver Creek, Minne-
sota Cedar River, and Black Hawk Creek. The third distinct 
group includes the Main Stem Upper Cedar River, Upper 
Winnebago, and the Shell Rock subbasins. The regression 
slopes (table 12) of the group 3 subbasins ranged from 0.065 
to 0.068. The group 3 regression slopes were significantly less 
(p<0.05, ANCOVA) than group 2 slopes, and group 4 includes 
two subbasins with the smallest slopes that were significantly 
less (p<0.05, ANCOVA) than the group 3 subbasins. The 
group 4 subbasins were the West Fork Cedar River and the 
Little Cedar River subbasins.

Potential differences in source and transport mechanisms 
may account for the fact that although the Lower Cedar River 
subbasin had one of the smallest TN runoff/yield ratios, it 
had the largest TP runoff/yield ratio. Climatic, land use, and 
geologic factors driving nutrient transport have been docu-
mented previously, but analysis of the reason(s) for differences 
in yields among Cedar River subbasins is beyond the scope of 
this report.

Figure 16.  The relation between annual runoff and total nitrogen and total phosphorus yield in the Upper Winnebago River and 
Wolf Creek subbasins, 2000–15.
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Table 12.  Linear relation between annual stream runoff and annual nitrogen and phosphorus yield in Cedar River subbasins, 2000–15.

[Regression forced through the origin; N, nitrogen; P, phosphorus; R2, coefficient of determination; x is annual runoff, in inches; y is annual yield, in pounds per 
acre]

Map 
identifier 

(fig. 6)
Subbasin name

Nitrate-N Total nitrogen-N Orthophosphate-P Total phosphorus-P

R 2 Equation R 2 Equation R 2 Equation R 2 Equation

MNC Minnesota Cedar River 0.95 1y = 2.166x 0.97 y = 2.51x 0.98 y = 0.049x 0.99 y = 0.084x
MUC Main Stem Upper Cedar 

River
0.96 2y = 2.100x/ 

3y = 1.940x
0.97 2y = 2.393x 0.97 2y = 0.025x 0.97 2y = 0.068x

LIC Little Cedar River 0.87 y = 1.277x 0.90 y = 1.433x 0.63 y = 0.020x 0.80 y = 0.035x
WFC West Fork Cedar River 0.97 y = 1.986x 0.98 y = 2.182x 0.92 y = 0.022x 0.96 y = 0.049x
UWN Upper Winnebago River 0.95 y = 1.463x 0.97 y = 1.819x 0.91 y = 0.025x 0.96 y = 0.067x
SHR Shell Rock River 0.96 y = 1.606x 0.97 y = 1.918x 0.91 y = 0.021x 0.94 y = 0.065x
BEA Beaver Creek 0.96 y = 2.157x 0.97 y = 2.488x 0.91 y = 0.019x 0.95 y = 0.087x
BLH Black Hawk Creek 0.97 y = 2.206x 0.98 y = 2.450x 0.87 y = 0.022x 0.97 y = 0.080x
WOL Wolf Creek 0.97 y = 2.228x 0.97 y = 2.633x 0.92 y = 0.022x 0.86 y = 0.124x
MMC Main Stem Middle Cedar 

River
0.58 y = 0.813x 0.69 y = 1.051x 0.81 y = 0.057x 0.96 y = 0.089x

LOC Lower Cedar River 0.73 y = 1.086x 0.85 y = 1.475x 0.75 y = 0.042x 0.90 y = 0.150x
1Relation for 2007–15.
2Entire subbasin upstream from the Cedar River at Charles City, Iowa, 2000–15.
3Main Stem Upper Cedar River subbasin (not including Minnesota Cedar River subbasin) 2007–15.

Implications for Nutrient Reduction Strategy

The periodic monitoring and high frequency water-
quality data collected from 2000 to 2015, along with continu-
ous streamflow, provide data on nutrient transport to evaluate 
progress on the future implementation of reduction strategies. 
The Gulf hypoxia nutrient reduction goal is a 45-percent 
decrease of TN and TP loads from the 1980–96 baseline load 
(Mississippi River/Gulf of Mexico Watershed Nutrient Task 
Force, 2008). An interim goal of a 20-percent nitrogen and 
phosphorus load reduction by 2025 is a milestone toward 
reducing the hypoxic zone to less than 5,000 km2 by the year 
2035 (U.S. Environmental Protection Agency, 2015). The 
2017 reduction goal delays the 45-percent goal by 20 years 
from the initial 2008 recommendation (Mississippi River/Gulf 
of Mexico Watershed Nutrient Task Force, 2008). Progress 
on nutrient reduction in the Cedar River Basin in Iowa (State 
of Iowa, 2018) and Minnesota (Minnesota Pollution Control 
Agency, 2014) will be evaluated based on 1980–96 baseline 
loads.

Except for sites on the Cedar River at Cedar Falls, Iowa, 
and at Conesville, Iowa (Goolsby and others, 1999), little 
water-quality data are available from the Cedar River Basin 
during the baseline period to directly quantify these loads from 
smaller subbasins; however, nitrogen and phosphorus loads 
and yields determined for this study period (2000–15) could 
provide the basis on which to evaluate future nutrient reduc-
tion progress in the Cedar River Basin. The average annual 
nitrogen and phosphorus loads and yields from the Cedar 

River Basin and long-term monitoring subbasins were esti-
mated during 2000–15, when rainfall and runoff varied from 
extremely dry to extremely wet conditions (figs. 4 and 5). This 
large hydrologic variability results in a representative esti-
mate of nitrogen and phosphorus transported from the basin 
during a period when loads were not increasing or decreasing 
significantly.

The estimated annual average TN reduction, based on 
the 2000–15 average, from the Cedar River Basin to meet the 
45-percent goal is 23,900 tons. The estimated average annual 
total nitrogen load reduction to meet the 45-percent goal is 
13,500 tons from the Upper Cedar River Basin, 6,700 tons 
from the Middle Cedar River Basin, and 4,390 tons from the 
Lower Cedar River Basin. The estimated annual average TP 
reduction from the Cedar River Basin to meet the 45-percent 
goal is 1,130 tons. Based on current loads, the estimated 
average annual TP load reduction from the Upper Cedar 
River Basin to meet the 45-percent goal is 375 tons; from the 
Middle Cedar River Basin is 328 tons; and from the Lower 
Cedar River Basin is 459 tons. Current annual loads and 
loads for other subbasins in the Cedar River Basin based on a 
45-percent reduction are listed in table 13. Nitrogen and phos-
phorus reductions to meet the 20-percent and 45-percent goals 
using the 1980–96 loads are unknown because estimates of 
baseline loads have not yet (as of early 2018) been calculated.

This report describes runoff transport relations that can 
be used as a tool to evaluate the nutrient reduction progress. 
Implementation of the nutrient reduction strategies is expected 
to alter the runoff/yield relation. A uniform reduction in yield 
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Figure 17.  The relation between stream runoff and total nitrogen and total phosphorus yield from long-term monitoring Cedar River 
subbasins, 2000–15.
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over a wide range of hydrologic conditions will result in a 
smaller slope in the runoff/transport relation. The amount 
of nutrients transported from a subbasin still would increase 
with increasing discharge (runoff), although the basin would 
yield smaller quantities of nitrogen and phosphorus for a 
given discharge or runoff. An example of the new runoff/yield 
relation using the yield reduction goals from the Wolf Creek 
subbasin is shown in figure 18. For the interim 20-percent 
reduction goal, the estimated TN yield would decrease 
from the current 29.5 lb/acre to 23.6 lb/acre, generated with 
11.22 in. of runoff (average for 2000–15, table 10), and would 
decrease from the current 79.0 lb/acre to 63.0 lb/acre dur-
ing a wet (30 in. runoff) year. For the 45-percent reduction 
goal, the estimated TN yield would decrease from the current 
29.5 lb/acre to 19.2 lb/acre, generated with 11.22 in. of runoff 
(average for 2000–15, table 12), and would decrease from the 

current 79.0 lb/acre to 51.3 lb/acre during a wet (30 in. runoff) 
year. A reduction of 20 percent would decrease the annual TP 
yield from the Wolf Creek subbasin during years with aver-
age runoff from the current 1.39 lb/acre to 1.11 lb/acre and 
would decrease TP yield during a wet (30 in. runoff) year 
from 3.72 lb/acre to 2.98 lb/acre. A reduction of 45 percent 
would result in an annual TP yield of 0.90 lb/acre during years 
with average runoff and would yield 2.42 lb/acre during a wet 
(30 in. runoff) year. It has been estimated that the full effect 
of nutrient reduction strategies will require a decade or more 
to document. By continuing to monitor nitrogen and phospho-
rus concentrations in the rivers and streams and continuously 
measuring stream discharge over the next 2 decades or longer, 
progress towards the final 2035 nutrient reduction goal can be 
determined by comparing the new runoff/yield relation with 
the current relation.
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Table 13.  Estimated nitrogen and phosphorus loads transported from long-term monitoring Cedar River subbasins to meet 20- and 
45-percent nutrient reduction goals.

[Current load average from 2000–15; %, percent]

Cedar River 
Basin

Map  
identifier  

(fig. 6)
Subbasin name

Average annual total nitrogen Average annual total phosphorus

Current load  
(ton)

Load after  
20% reduction  

(ton)

Load after  
45% reduction 

(ton)

Current load  
(ton)

Load after  
20% reduction 

(ton)

Load after  
45% reduction 

(ton)

Upper Cedar MNC Minnesota Cedar 
River

3,610 2,890 1,990 124 99.4 68.4

MUC Main Stem Upper 
Cedar River

9,380 7,500 5,160 265 212 146

LIC Little Cedar River 3,170 2,540 1,740 63.4 50.7 34.9
WFC West Fork Cedar 

River
6,890 5,510 3,790 151 121 83.0

UWN Upper Winnebago 
River

2,760 2,210 1,520 101 80.7 55.5

SHR Shell Rock River 8,130 6,500 4,470 267 214 147
Middle Cedar BEA Beaver Creek 3,400 2,720 1,870 112 89.8 61.8

BLH Black Hawk 
Creek

3,210 2,570 1,770 96.3 77.1 53.0

WOL Wolf Creek 3,200 2,560 1,760 135 108 74.1
MMC Main Stem 

Middle Cedar 
River

5,370 4,300 2,950 381 305 210

Lower Cedar LOC Lower Cedar 
River

9,470 7,580 5,210 981 785 539

Figure 18.  The relation between annual runoff and total nitrogen and total phosphorus yields with current conditions (2000–15) and 
theoretical 20- and 45-percent yield reductions from the Wolf Creek subbasin.
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Summary and Conclusions
Nitrate concentrations in the Cedar River in Iowa and 

Minnesota have increased from an average of less than 
1.0 milligram per liter in the early 1900s to more than 5.0 mil-
ligrams per liter in the 2000s and at times have exceeded 
10 milligrams per liter and resulted in periodic water-quality 
impairments of the river. Water from the Cedar River is used 
for recreation, cooling water, and a source of municipal and 
industrial supply. Degradation of this resource has limited use 
of the water at times. Impairments have been recognized, and 
the States of Iowa and Minnesota have begun implementation 
of strategies to reduce nutrient transport to the Cedar River 
and its tributaries.

An assessment of nitrogen and phosphorus currently 
(2000–15) transported from the Cedar River Basin to the Iowa 
River was made to document water-quality conditions and 
to document spatial differences in the origin of nitrogen and 
phosphorus in the Cedar River Basin in Iowa and Minnesota. 
Changes in the amount of nitrogen and phosphorus transported 
were evaluated. Nutrient transport was evaluated in relation to 
runoff to understand how streamflow affects transport. Data 
used for this analysis of nitrogen and phosphorus transport in 
the Cedar River were collected from 2000 to 2015 by the Iowa 
Department of Natural Resources and the Minnesota Pollution 
Control Agency as part of their long-term stream and river 
monitoring programs and by the U.S. Geological Survey as 
part of six base-flow synoptic studies.

Results of the synoptic studies indicate that nitrogen and 
phosphorus concentrations varied seasonally during base-flow 
conditions in the Cedar River Basin. The seasonal differences 
in concentration and flow resulted in synoptic subbasins yield-
ing more than four times the amount of total nitrogen (TN; 
average of 75.3 pounds per square mile per day [lb/mi2/day]) 
during spring base-flow conditions than during fall (average 
of 17.8 lb/mi2/day) base-flow conditions. Similarly, synoptic 
subbasins in the Cedar River Basin on average yielded more 
than three times the amount of total phosphorus during spring 
(0.92 lb/mi2/day) than were yielded during fall base-flow 
conditions (0.29 lb/mi2/day). During spring and fall base-flow 
conditions, an average of 90 percent or more of the nitrogen 
transported was in the dissolved form, nitrate plus nitrite as 
nitrogen. The proportion of phosphorus transported in the dis-
solved phase (orthophosphate [OP]) varied from an average of 
21 percent during spring to about 45 percent during fall base 
flow.

Generally, more uniform nitrate and TN were transported 
from throughout the Cedar River Basin during fall than in 
spring base-flow conditions. The greatest total phosphorus 
(TP) yield regardless of season was in several main stem 
Cedar River subbasins downstream from Waterloo to Cedar 
Rapids, Iowa. Although streamflow was substantially less, 
subbasins yielded more TP during dry fall than during normal 
fall low flow conditions.

The estimated annual average TN and TP load trans-
ported from the Cedar River Bain from 2000 to 2015 was 

53,100 and 2,510 tons, respectively. Annual nitrogen and 
phosphorus loads were smallest in 2012 when stream run-
off was 4.53 inches and greatest in 2008 when runoff was 
24.6 inches. The annual TN load ranged from 15,400 tons to 
102,000 tons. Most (about 82 percent) of the nitrogen trans-
ported from the Cedar River Basin was in the dissolved nitrate 
form. The annual TP load averaged 2,510 tons and ranged 
from 934 to 5,970 tons. An average of 37 percent of the phos-
phorus was transported as dissolved OP.

Although average annual TN loads were some of the 
smallest measured, Beaver Creek, Black Hawk Creek, and 
Wolf Creek subbasins in the Middle Cedar River Basin yielded 
the largest amount of TN on a per acre basis. These subbasins 
yielded an annual average of more than 30 pounds per acre 
(lb/acre), of which more than 25 lb/acre were as nitrate. In 
contrast, the smallest yielding subbasins, Main Stem Middle 
Cedar River, the Little Cedar, Upper Winnebago River and 
Shell Rock River, contributed less than 20 lb/acre of TN to the 
Cedar River.

As with TN, the largest average annual load originated 
from the largest subbasin, but TP loads did not necessarily 
correlate with the size of the subbasin. A total of four subba-
sins, the Lower Cedar River, Main Stem Middle Cedar River, 
Beaver Creek, and Wolf Creek, yielded an average of more 
than 1.0 lb/acre. In contrast, the average annual TP yield from 
the Little Cedar River subbasin (0.35 lb/acre) was only about 
16 percent of the yield from the greatest TP yielding Lower 
Cedar River subbasin. The dissolved OP part generally was 
less than 50 percent of the TP load, but this proportion varied 
throughout the Cedar River Basin.

Annual nitrogen and phosphorus loads varied year to 
year. There was no linear temporal trend from the 11 sub-
basins, except for TP from the 2 most downstream main stem 
Cedar River subbasins, from 2000 to 2015. There was a statis-
tically significant increase in the TP load from 2000 to 2015 in 
two main stem Cedar River subbasins that include the Water-
loo and Cedar Rapids urban areas. The annual rate of increase 
was about 8 percent per year from both subbasins.

Rainfall and subsequent runoff have been major factors 
in the transport of nutrients from the landscape. Study results 
were the same in the Cedar River Basin where there was a 
highly correlated, statistically significant relation between 
annual runoff and annual nitrate, TN, OP, and TP yields. How-
ever, this relation was not uniform from subbasin to subbasin. 
Beaver Creek, Black Hawk Creek, and Wolf Creek yielded 
the largest and the Main Stem Middle Cedar River, the Lower 
Cedar River, and the Little Cedar River yielded the least 
amount of TN for a given amount of runoff. The Lower Cedar 
River and the Wolf Creek subbasins yielded the largest and the 
West Fork Cedar River and the Little Cedar River subbasins 
yielded the least amount of TP for a given amount of runoff.

The results of this study describe baseline nutrient 
transport conditions during 2000–15 that can be used to 
evaluate progress of the future implementation of reduc-
tion strategies in the Cedar River Basin. Using the estimated 
annual load from 2000 to 2015 as the baseline, an average 
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annual reduction of 23,900 tons would be required to meet 
the 45-percent goal for TN transported from the Cedar River 
Basin. Based on baseline loads, the estimated average annual 
TP load reduction from the Cedar River Basin to meet the 
45-percent goal is 1,130 tons. Implementation of the nutri-
ent reduction strategies is expected to alter the runoff/yield 
relation. By continuing to monitor nitrogen and phosphorus 
compounds in the rivers and streams and continuously measur-
ing stream discharge at the 11 long-term monitoring sites over 
the next decade or longer, changes in nutrient transport can be 
evaluated by comparing the new runoff/yield relation with the 
current relation.
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Glossary

annual runoff  The total quantity of water 
that is discharged (“runs off”) from a drainage 
basin in a year. Refers to the depth to which 
the drainage area would be covered with 
water if all the runoff for a given period were 
distributed uniformly on it.

base flow  The sustained flow of a stream in 
the absence of direct runoff. It includes natu-
ral and human-induced streamflows. Natural 
base flow is sustained largely by groundwater 
discharge.

load  The rate of constituent transport, as 
measured by dry mass or volume, that passes 
a cross section in a given time. It is calculated 
in units of tons per day as follows: concentra-
tion (in milligrams per liter) × discharge (in 
cubic feet per second) × 0.0027.

subbasin  A part of the Earth’s surface where 
a smaller drainage basin forms within a larger 
drainage basin.

synoptic studies  Short-term investigations 
of specific water-quality conditions during 
selected seasonal or hydrologic periods to 
provide improved spatial resolution for criti-
cal water-quality conditions. For the period 
and conditions sampled, the studies assess the 
spatial distribution of selected water-quality 
constituents in relation to causative factors, 
such as land use and contaminant sources.
trend  A statistical term referring to the 
direction or rate of increase or decrease in 
magnitude of the individual members of a 
time series of data when random fluctuations 
of individual members are disregarded.
water year  The 12-month period October 1 
through September 30. The water year is 
designated by the calendar year in which it 
ends and which includes 9 of the 12 months. 
Thus, the year beginning on October 1, 2014, 
and ending September 30, 2015, is called the 
“2015 water year.”
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Appendix 1.  Long-Term Monitoring Data from the Cedar River Basin, Iowa and 
Minnesota.

Table 1.1.  Source of long-term monitoring data.

[USGS, U.S. Geological Survey; STORET, U.S. Environmental Protection Agency Storage and Retrieval System; wtryr, water year (A water year is the 
12-month period October 1 through September 30 designated by the calendar year in which it ends); MN, Minnesota; QW, periodic water quality;  
MPCA, Minnesota Pollution Control Agency; Q, daily stream discharge; IA, Iowa; IADNR, Iowa Department of Natural Resources; --, not applicable]

Map  
number 
(fig. 3)

USGS station 
identification 

number

STORET  
identifica-

tion number
Station name Data

Watershed 
area to gage 
area ratio1

Source of 
data

Period 
of record 

(wtryr)

1 05457000 2S000-001 Cedar River near Austin, MN QW
Q

1.00 3MPCA 2007–15
4USGS 2000–15

2 05457700 10340001 Cedar River near Charles City, IA QW 1.04 5IADNR 2000–15
Cedar River at Charles City, IA Q 4USGS 2000–15

3 05458500 10090001 Cedar River at Janesville, IA QW
Q

1.00 5IADNR 2000–15
4USGS 2000–15

4 05458900 10070003 West Fork Cedar River at Finchford, IA QW
Q

1.00 5IADNR 2000–15
4USGS 2000–15

5 05459500 10170002 Winnebago River upstream from  
Mason City, IA

QW 0.86 5IADNR 2001–14

Winnebago River at Mason City, IA Q 4USGS 2000–15
6 05462000 10120001 Shell Rock River at Shell Rock, IA QW

Q
1.00 5IADNR 2000–15

4USGS 2000–15
7 05463000 10070001 Beaver Creek near Cedar Falls, IA QW 1.14 5IADNR 2000–15

Beaver Creek at New Hartford, IA Q 4USGS 2000–15
8 05463500 10070004 Black Hawk Creek at Waterloo, IA QW 1.08 5IADNR 2001–15

Black Hawk Creek at Hudson, IA Q 4USGS 2000–15
9 05464220 10070002 Wolf Creek at La Porte City, IA QW 1.09 5IADNR 2000–15

Wolf Creek near Dysart, IA Q 4USGS 2000–15
10 -- 10570002 Cedar River upstream from Cedar Rapids, 

IA
QW 0.97 5IADNR 2001–14

05464500 -- Cedar River at Cedar Rapids, IA Q/QW -- 5USGS 2001–09
05464420 -- Cedar River at Blairs Ferry Road at Palo, 

IA
Q/QW 1.00 4USGS 2009–15

11 05465000 10700001 Cedar River near Conesville, IA QW
Q

1.00 5IADNR 2000–15
4USGS 2000–15

1Watershed to gage area ratio from Calvin Wolter, Iowa Department of Natural Resources, written communication, April 2016.
2Minnesota Pollution Control site identification number.
3MPCA data source: https://cf.pca.state.mn.us//eda/.
4USGS data source: https://waterdata.usgs.gov/ia/nwis/.
5IADNR data source: https://programs.iowadnr.gov/aquia/.

https://cf.pca.state.mn.us//eda/
https://waterdata.usgs.gov/ia/nwis/
https://programs.iowadnr.gov/aquia/
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Table 1.2.  Annual nutrient loads in long-term monitoring subbasins, 2000–15.

[N, nitrogen: P, phosphorus]

Map  
identifier 

(fig. 6)
Subbasin name Constituent

Number of 
years

Yearly load, in tons

Minimum Mean Median Maximum

MNC Minnesota Cedar River Nitrate-N 9 563 3,120 3,010 5,800
Total nitrogen 9 658 3,610 3,410 6,300
Orthophosphate-P 9 30.4 73.0 71.4 118
Total phosphorus 9 50.3 124 126 176

MUC Main Stem Upper Cedar 
River

Nitrate-N 15 1,700 8,240 8,500 17,100
Total nitrogen 15 1,930 9,380 10,000 18,900
Orthophosphate-P 15 31.9 101 110 162
Total phosphorus 15 62.6 265 228 462

LIC Little Cedar River Nitrate-N 15 441 2,820 2,780 5,310
Total nitrogen 15 639 3,170 3,360 5,700
Orthophosphate-P 15 −43.6 28.9 12.8 164
Total phosphorus 15 −21.8 63.4 48.3 263

WFC West Fork Cedar River Nitrate-N 16 1,000 6,280 5,730 11,100
Total nitrogen 16 1,120 6,890 6,190 12,400
Orthophosphate-P 16 10.2 66.7 54.6 186.1
Total phosphorus 16 22.8 151 133 307

UWN Upper Winnebago River Nitrate-N 15 165 2,220 2,510 3,890
Total nitrogen 15 238 2,760 3,060 4,660
Orthophosphate-P 15 8.87 37.8 36.6 70.7
Total phosphorus 15 13.1 101 88.5 187

SHR Shell Rock River Nitrate-N 15 788 6,790 7,180 12,900
Total nitrogen 15 1,090 8,130 8,290 14,800
Orthophosphate-P 15 19.9 88.8 86.7 165
Total phosphorus 15 46.4 267 240 606

BEA Beaver Creek Nitrate-N 16 672 2,980 24,230 6,430
Total nitrogen 16 719 3,400 2,660 7,820
Orthophosphate-P 16 4.91 26.4 22.7 73.6
Total phosphorus 16 13.5 112 91.6 356

BLH Black Hawk Creek Nitrate-N 14 864 2,910 2,270 6,420
Total nitrogen 14 933 3,210 2,470 7,270
Orthophosphate-P 14 6.29 28.8 23.7 86.5
Total phosphorus 14 14.8 96.3 62.5 290

WOL Wolf Creek Nitrate-N 15 456 2,640 2,190 7,420
Total nitrogen 14 495 3,200 2,450 9,390
Orthophosphate-P 15 4.27 26.4 24.4 75.3
Total phosphorus 14 8.93 135 96.3 600

MMC Main Stem Middle Cedar 
River

Nitrate-N 14 −5,968 4,240 5,140 8,570
Total nitrogen 13 −5,091 5,370 6,230 10,800
Orthophosphate-P 13 −43.5 210 78.6 956
Total phosphorus 13 59.9 381 268 891

LOC Lower Cedar River Nitrate-N 16 −5,746 6,700 6,010 18,800
Total nitrogen 15 −2,835 9,470 8,100 23,500
Orthophosphate-P 15 70.6 370 308 1,060
Total phosphorus 15 345 981 682 2,060



44    Transport of Nitrogen and Phosphorus in the Cedar River Basin, Iowa and Minnesota, 2000–15

Table 1.3.  Annual nutrient yields in long-term monitoring subbasins, 2000–15.

[N, nitrogen: P, phosphorus]

Map  
identifier 

(fig. 6)
Subbasin name Constituent

Number of 
years

Annual yield, in pounds per acre

Minimum Mean Median Maximum

MNC Minnesota Cedar River Nitrate-N 9 4.41 24.5 23.6 45.5
Total nitrogen 9 5.15 28.3 26.7 49.4
Orthophosphate-P 9 0.238 0.572 0.559 0.924
Total phosphorus 9 0.394 0.981 1.02 1.38

MUC Main Stem Upper Cedar 
River

Nitrate-N 15 4.83 23.5 24.3 48.8
Total nitrogen 15 5.49 26.7 28.5 53.9
Orthophosphate-P 15 0.091 0.288 0.314 0.462
Total phosphorus 15 0.178 0.754 0.650 1.32

LIC Little Cedar River Nitrate-N 15 2.44 15.6 15.4 29.4
Total nitrogen 15 3.53 17.6 18.6 31.5
Orthophosphate-P 15 −0.241 0.160 0.071 0.909
Total phosphorus 15 −0.120 0.351 0.267 1.46

WFC West Fork Cedar River Nitrate-N 16 3.70 23.2 21.2 41.2
Total nitrogen 16 4.12 25.4 22.9 45.7
Orthophosphate-P 16 0.040 0.246 0.200 0.690
Total phosphorus 16 0.080 0.557 0.490 1.13

UWN Upper Winnebago River Nitrate-N 15 1.13 15.3 17.3 26.8
Total nitrogen 15 1.64 19.0 21.1 32.1
Orthophosphate-P 15 0.061 0.260 0.252 0.486
Total phosphorus 15 0.090 0.694 0.609 1.29

SHR Shell Rock River Nitrate-N 15 1.91 16.4 17.4 31.2
Total nitrogen 15 2.64 19.7 20.1 35.9
Orthophosphate-P 15 0.048 0.215 0.210 0.398
Total phosphorus 15 0.112 0.647 0.580 1.47

BEA Beaver Creek Nitrate-N 16 6.05 26.8 21.9 57.9
Total nitrogen 16 6.47 30.6 24.0 70.4
Orthophosphate-P 16 0.040 0.238 0.205 0.660
Total phosphorus 16 0.120 1.01 0.825 3.20

BLH Black Hawk Creek Nitrate-N 14 8.28 27.9 21.8 61.6
Total nitrogen 14 8.94 30.8 23.7 69.7
Orthophosphate-P 14 0.060 0.276 0.225 0.830
Total phosphorus 14 0.140 0.921 0.595 2.78

WOL Wolf Creek Nitrate-N 15 4.36 25.2 20.9 70.9
Total nitrogen 14 4.73 30.6 23.4 89.7
Orthophosphate-P 15 0.041 0.253 0.233 0.720
Total phosphorus 14 0.085 1.29 0.920 5.73

MMC Main Stem Middle Cedar 
River

Nitrate-N 14 −17.1 12.2 14.7 24.6
Total nitrogen 13 −14.6 15.4 17.9 31.0
Orthophosphate-P 13 −0.125 0.602 0.225 2.74
Total phosphorus 13 0.172 1.09 0.770 2.56

LOC Lower Cedar River Nitrate-N 16 −12.4 14.5 13.0 40.7
Total nitrogen 15 −6.13 20.5 17.5 50.9
Orthophosphate-P 15 0.153 0.800 0.665 2.30
Total phosphorus 15 0.746 2.12 1.47 4.45
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