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-Figure 6

Relationships between Agricultural Land Use

{(Omernik,

And Mean Total Phosphorus Concentration for Watersheds in Eastern U.S.
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Figure 7

Relationship between Agricultural Land Use and

Mean Total Nitrogen Concentration for Watersheds in Eastern U.S. {(Omernik, 1977)
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Figure 8

Regionalities of Total Phosphorus Concentrations in Streams Draining Mostly Forested Watersheds (Omernik, 1977)
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Figure 9
Regionalities of Total Phosphorus Concentrations in Streams Draining Mostly Agricultural Watersheds (Omernik, 1977)
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Regional effects could'bé important. "Agriculture" takes on dif-
ferent forms in different regions (e.g., intensive row cropping in the
Corn Belt vs. pastures in New England). In addition, baseline condi-
tions may vary with region, due to geologic and/or climatologic
factors. Figure 10 depicts regional variations in the phosphorus con-
tents of the topsoil. Comparisons with Figures 8 and 9 indicate that
many of the mostly forestéd watersheds are located in the lower
Appalachian area with relatively phosphorus-deficient soils, whereas
most of the agricultural watersheds are in regions with phosphorus-
rich soils. A similar pattern is noted in the case of nitrogen (Figure
11). This is an additional indication that regional effects may be

embedded in the apparent land use effects depicted in Figures 6 and 7

and in Equations (1) and (2).

In order to test for regional effects, EPA/NES data from 275 water-
sheds in the Northeast, Midwest, and north central states have been
analyzed. The first objective is to identify background levels and
agricultural impacts. Accordingly, data from watersheds with greater
than 2.5 percent urban land use have been excluded initially. Water-
sheds have been grouped according to state and percent agricultural
development. Six categories of agricultural development have been used:
0-10 percent, 10-25 percent, 25-50 percent, 50-75 percent, and 75-100
percent. Geometric mean phosphorus and nitrogen concentrations have
been computed within each state/land use category. States have subse-
quently been aggregated according to whether the mean nutrient concen-
trations within each land use category are significantly different from

each other. Most of the apparent regional effects can be accounted for
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Phosphorus Content of Topsoil in U.S.




Figure 11
Nitrogen Content of Topsoil in U.S. (MRI, 1976)
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Figure 12
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Figure 13

Relationship between Total Nitrogen Concentration and Agricultural
Land Use for Watersheds in the Midwest and Northeast with less

Total Nitrogen Concentration (mg/m?3)

Cn

6000

5000

4000

3000

2000

1000

Than 2.5% Urban Land Use

L 1 I T I l T |

— o Northeast Geometric Mean
© Midwest/Northcentral Geometric Mean
T‘I 95% Confidence Limits for Mean

() Fewer than 5 data points

EPA Regression for States

East of Mississippi "
716 ¢ \’\//
Cy=820 [10 A] J

~
7~

Linear Model for Northeast —
Cn =600 +1800 fy

L L L L L

O 20 40 60 80 100

Percent Agricultural



_25_
by aggregating the data into two groups: (1) the Northeast (including
New England, New York, Pennsylvania, New Jersey, eastern Ohio, and
northern Michigan); and (2) the Midwest/north central region, (including
Minnesota, Wisconsin, Indiana, Illinois, western Ohio, and southern

Michigan).

Figures 12 and 13 display the 95 percent confidence limits for the
geocmetric mean phosphorus and nitrogen concentrations, respectively, for
each region and degree of agricultural development, Witﬁin each land
use category, average nutrient concentrations are higher in the Midwest/
north central group, particularly in the case of phosphorus. For north-
eastern watersheds less than 75 percent agricultural the following linear

models appear reasonable:

O
]

14 + 40 £ = 14 (1-f ) + 54 £
A (1-£,) 4 £, (4)

@]
I

600 + 1800 £ = 600 (1-f_ } + 2400 f (5)
A A A

Figures 12 and 13 indicate that the EPA models for the "Eastern U.S."
(Equations (1) and (2)) reflect both regional and land use effects,

since they tend to fit the less agricultural watersheds in ﬁhe Nor theast
and the more agricultural watersheds in the Midwest/north central regions.
Equations (4) and (5) appear to be more appropriate for the Northeast

and are consistent with the simple additive model discussed above
(Equation (3)). Typical phosphorus and nitrogen concentrations for
undeveloped land uses are 14 and 600 mg/m3 respectively, while agricul-

. 3 3 .
tural areas are characterized by 54 mg/m and 2400 mg/m respectively.



-26-

In order to estimate urban impacts on nutrient concentrations, data
from the eleven watersheds in the Northeast group with greater than five
percent urban land use have been analyzed. Assuming a linear model of
the form specified by Equation (3), agricultﬁral impacts have been
removed by subtracting the predictions of Equations (4) and (5) from the
reported phosphorus and nitrogen concentrations, respectively. The results
are plotted against percent urban development in Figures 14 and 15. Based
upon the slopes of these relationships, typical concentrations of phos-
phorus and nitrogen in urban drainage are estimated to be 128 mg/m and
1930 mg/m3, respectively. Thus, the following linear models approximately
represent the impacts of agricultural and urban development on stream

nutrient levels in the Northeast:

9]
I

14 (l—fA - fU) + 54 fA + 128 fU (6)

@]
i

-f - £) + 2400 +
600 (1-f, - £.) 00 £+ 1930 f_ (7

In each case, the first term represents the net impacts of undeveloped
land uses, including forested, cleared, and wetlands. Insufficient data
are available to identify differences among these land use types. Note
that urban impacts are particularly significant in the case of phosphorus,

whereas urban and agricultural impacts are similar in the case of nitrogen.

Multiple regression analyscs have been pérformed in order to obtain
refined estimates of typical phosphorus and nitrogen concentrations in
streams draining undeveloped, agricultural, and urban areas in the
Northeast. Based upon data from 116 watersheds with less than 60 percent
agricultural development, the following results have been obtained for

phosphorus:
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-Figure 14

Apparent Effect of Urban Land Use on Stream Phosphorus Concentrations

in the Northeast
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Figure 15

Apparent Effect of Urban Land Use on Stream Nitrogen Concentrations

in the Northeast
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-f -f + f + f + d .
CPO (1 A U) CPA A CPU U CPS PS (8)

15.0
56.5 £ 6.3
138.7 * 30.9

-8.0 % 4.0

phosphorus concentration typical of ungevéloped (non-
agricultural and nonurban) areas (mg/m”)

state dummy variable
1.0 for Maine
0.0 otherwise

adjustment for Maine watersheds (mg/m3)

An adjustment has been included for Maine to account for the fact that

. . 3
average phosphorus concentrations in that state were about 8 mg/m~ lower

than indicated by a model based upon land use effects alone. Because the

variance of the residuals generally increased with predicted concentra-

tion, the above parameter estimates have been derived by minimizing the

sum of the weighted squares of residuals, with weights estimated as the

inverse squares of the predicted concentrations. Despite the fact that

the above model explains only 47 percent of the variance in the reported

phosphorus concentration data® the regression analysis has identified

statistically significant land use effects and has shown that agricul-

tural and urban impacts on phosphorus concentrations are significantly

different from each other.

* Standard error = 38% of mean estimate.
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Corresponding results for nitrogen are:

C.= ¢C 1-£_~f +C £ +Cc £ +cC_d 9
N NO( A U) NA A NU O NS NS (9)
= 873
cNO
= * 7
CNA 1947 16
C = 1800 * 380
NU 0 3
= - +
CNS 366 + 76
where,
CNO = nitrogen concentration typical of undeveloped areas (mg/m3)
dNS = state dummy variable
= 1.0 for Maine, New Hampshire, or Vermont
= 0.0 otherwise
CNS = adjustment factor for Maine, New Hampshire, or Vermont

watersheds (mg/m™)

Since the variance of the residuals was apparently stable at different
predicted levels, the above coefficients have been estimated using an
unweighted multiple regression analysis. This model explains 49 percent
of the variance in the reported nitrogen cqncentrations in 116 watersheds
with a standard error of 307 mg/m3. In this case, nitrogen concentra-
tions in urban drainage are apparently not significantly different from

those in agricultural drainage.

Within the Northeast, regional effects on both phosphorus and nitro-
gen concentrations may reflect lower atmospheric loadings of nutrients in
precipitation or dustfall on northern New England watersheds. These, in

turn, may reflect fewer significant air pollution sources in this region
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or in the regions upwind. This explanation is consistent with regionali-
ties in the nitrogen content of precipitation, as depicted in Figure 16
(MRI, 1976). In the case of phosphorus, geologic factors may also account

for some of the apparent regional differences (Dillon and Kirchner, 1975).

The regression analysis indicates that the mean phosphorus concen-
tration typical of urban areas in Northeastern NES/NPS watersheds has an
approximate 95 percent confidence range of 78 to 200 mg/m3. Applied to a
typical Connecticut runoff rate of .62 m/yr (see Figure i), the above
corresponds to a range of 48 to 124 mg/mz—yr in total phosphorus export.
This range is at the low end of values reported in the literature as being
typical of urban land drainage. Based upon literature reviews, Uttormark,
et al., (1974) reported a range of 100 to 500 mg/mz—yr, Loehr (1974)
reported a range of 110 to 560 mg/mz—year, and Likens and Borman (1974)
reported a range of 100 to 1700 mg/mz-year. These literature values prob-
ably reflect some "end-of-pipe" measurements, which, unlike the esti-
mates derived above, are representative of surface runoff only and do
not include the diluting effects of base flow derived from infiltration
in pervious areas of urban watersheds or effects of possible phosphorus
losses due to biological uptake or adsorption/sedimentation reactions in
stream transport. The comparatively low values derived here may also
reflect a dominance of relatively low intensity urban land use in the
NES/NPS watersheds. Omernik (1978) indicates that low density resi-
dential areas were considered urban when detected on the maps and aerial
photographs used to estimate land use for each watershed in the NES/NPS
study. In developing phosphorus budgets for New York lakes, Schaffner

2
and Oglesby (1978) assumed an export value of 100 mg/m -year for urban



Figure 16
Inorganic Nitrogen Content of Precipitation in the U.S. (MRI, 1976)
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. . . . 2
areas which were predominately residential. The 48 to 124 mg/m -year
range does not appear to be unreascnable if we are concerned with the

effects of relatively low intensity urban development.
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