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\ ABSTRACT

This study investigates the utility of a nonpoint pollution

model and its various included terms as predictors of average annual

nonpoint stream loads of sediment nitrogen and phosphorus

. The model

as a whole was found to be of marginal value but the basin area term

was found to have high correlation to total nonpoint pollutant loads.

The logarithms of the unit area loads of soluble nitrogen and pho$-

phorus were found to be normally distributed allowing means, standard

deviations and probabilities to be calculated.
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I. PURPOSE OF THE STUDY

The purpose of this study was to investigate the prediction of
non-point agricultural pollution of streams in the middle and eastem
United States. Equations proposed by the Midwest Research Institute
in a 1975 draft report were tested by comparing their predicted sedi-
ment and total nutrient loads with measured sediment, and total and
soluble nutrient loads in twenty-three streans from New York to
North Carolina and from New Jersey to Iowa. The objective of this
study was to be able to predict for any given stream the amount of

non-point agricultural pollution on an annual basis.

i e




[I. INTRODUCTION

Until relatively recently water pollution has been dealt with
almost exclusively as an urban and industrial effluent problem and
had little, if any, concem with stream pollution arising from
natural, overland runoff, or non-point sources. Decision makers
will undoubtedly be called upon to take continuing steps to reduce
the levels of pollution in streams and rivers. As abatement and
control of point source pollution hopefully becomes more extensive
ad effective, the relative contribution of non-point sources will
increase and perhaps become the Timiting factor determining water
quality.

In order to make informed decisions one must have some knowl-
edge of the magnitude and nature of non-point pollution. Tor this
reason it is becoming increasingly important to learn more about
the processes that govern non-point pollution in order to better
predict the amount and characteristics of such pollution and to be
able to take the steps necessary to reduce it where acceptable
Tevels are exceeded.

Non-point pollutants can be in the form of sediment, excess
plant nutrients, pesticides, toxic chemicals, pathogens and crganic
matter. This study is limited to an investigation of annual loads
of sediment and the two major nutrients, nitrogen and phosphorus.

Excessive sediment is one, if not the, major stream pollutant.




[ts presence not only makes water unsuitable for many uses but one
or several other pollutants may be transported bound to the particles

of the sediment. Excess sediment can fill reservoirs at accelerated

rates and require expensive maintenance of channels in navigable
; waters. Erosion of the sediment may also reduce the value of land

as a source of agriculture or natural habitat'.

o ey

Plant nutrients, that is nitrogen and phosphorus, are also
major non-point source pollutants. These nutrients when present in
excessive amounts can cause accelerated growth of algae in bodies
of water?. Excessive biomass of algae can cause several water |

quality problems. Algae may introduce foul tastes and odors in

water reducing its usefulness for consumption and recreation. Large

amounts of algae can deplete dissolved oxygen and result in "fish

kills". In addition, excess nitrogen in the form of nitrate can be
a health hazard to man and animals. %
The method used here to investigate non-point pollution predic- i
tion is the testing of a set of equations adopted and developed by
the Midwest Research Institute for use in a study undertaken for the
National Commission on Water Quality®. These predictive equations
were applied to twenty-three watersheds in the central and eastern
United States and the results compared with actual pollutant loads

measured in the streams. A term by term analysis of impacts on pollu-

tant load was undertaken to determine the relationship of the terms




in the predictive equations to real loads of non-point pollutants
and to determine if a realistic methad of predicting non-point pol-

lution could be developed.
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I[TT. THE MRI MODEL

The Midwest Research Institute (MRI) published a draft final
report in July 1975 on "Cost and Effectiveness of Control of Pollu-
tion from Selected Nonpoint Sources"“ for the National Commission
on Water Quality. This report described the relative significance
of nonpoint sources of pollution of streams in different locations
along with the effectiveness and economics of different methods of
controlling these nonpoint sources.

A major portion of the MRI study involved pollutants derived
from nonpoint sources on agricultural lands. It was, therefore,
necessary to predict the amounts of pollutants that would be de-
rived from nonpoint sources in various drainage basins over a large
portion of the United States. For this the MRI Model used the Uni-
versal Soil Loss Equation® to predict sediment inputs and based

nutrient loadings on these sediment contributions.

A. Sediment
1. MRI - Universal Soil Loss Equation

The Universal Soil Loss Equation was used as a predictor of

sediment loadings in the form:®

-
s

¥(s)= JOA, *(ReKelLeS+C:P-sSD)]

1

Hes-13

1




G
where: Y(S) = sediment loading of the basin in tons/year
n = nurber of subareas in acres
Ai = acreage of subarea i
R = the rainfall factor in units of rainfall-

erosivity index; EI/year

K = the soil-erodibility factor in tons/acre/
El unit
L = the slope-length factor, (dimensionless)
S = the slope-steepness factor, {dimensionless)
C = the cover factor, (dimensionless)
P = the erosion control practice factor,
(dimensionless)
SD = the sediment delivery ratio, (dimensionless)

The meaning of each term in the soil loss equation, methods of

determining the values of the terms, and modifications neaded to

calculate the predicted sediment loadings for the study streams are
discussed in the following sections. For a more detailed discussion

and the necessary maps, charts and graphs the reader is referred to

Agriculture Handbook No. 282, U. S. Department of Agriculture, May
1965. (Hereafter referred to as "Handbook".)

(s 8 A{, Area of Subbasin 7

In this study it was more convenient to deal with the total

area of the drainage basin rather than subareas and to use a




weighted mean of each of the other factors if they were not constant
over the whole basin. This does not change the value of the Tloads
calculated from the equation but was easier to work with here.

Areas of each basin used in the study were stated in the source
material; these were converted from acres to hectares and all mea-
surements are in metric units. Drainage basin areas varied from

1.48 Ha to 11526 Ha.

b. R - Rainfall Factor

The rainfall factor or rainfall erosion index is a term that
retlects the relationship of soil loss to rainstorm characteristics.
These values were found by locating the drainage basins on a map’
(Handbook) showing contours of average annual rainfall factor. The
map does not cover states west of the Continental Divide, therefore,
basins in the far western U. S. were not used here. R values varied

from 85 to 250, with a median value of 170.

e. K - Sotl Erodibility

The soil erodibility factor is a coefficient expressing the
rate of erosion per unit of erosion index (R above) from a unit plot
of soil with specific length, slope and surface conditions. The |
Handbook contains a chart of K values for 23 soils®. Some of the :
soils in the drainage basins appeared in this table, but most did

not. When the basin soil was not on the chart it was given a K §




value of the soil on the chart deemed to be most like it. This was
determined using the Soil Series of the Umited States, Puerto-Rico
and the Virgin Islands® and comparing taxonomic classifications.

Some source articles did not identify the soil type (series) in

the basin. In these cases the soil types was determined from soils
maps or from typical soils on the closest areas for which soils maps
were available (usually the next county). As a result of these in-
consistencies, I have the least confidence in the K factor. The
values are, however, the result of a reasonably exhaustive effort.
Actual K values varied from 0.08 to 0.48 with a median value of

0.25.
d. L - Slope-Length Factor and S - Slope-Steepness Factor

Slope-length and slope-steepness factors have been experiment-
ally determined for use in the soil loss equation. In actual use,
however, it is more convenient to use a combined LS factor. This
factor represents the expected ratio of soil loss per unit area of
the actual basin to soil loss from a unit plot of specific slope
and length.

A graph in the Handbook!® gives the soil-Toss (LS) ratios when
entered with percent slope and slope length. Slope length is de-
fined as the distance from the start of overland flow to either
point of deposition of suspended particles or to the point where

runoff enters a well defined channel.




To determine the LS factor for this study I entered the graph

with slope as stated in source articles or as measured from 1:24,000
topographic maps. For map determination of slope an average of four
slopes was used for each basin, each slope being determined from a
straight line drawn along the line connecting a ridge crest with the
stream channel or valley bottom at right angles to the contours.

In no case was slcpe length given in the references used. Since
maps do not show the many small stream channels that cover a basin
and since on site evaluation was impossible I chose to approximate
the slope length of all basins as 200 feet. This figure was chosen
because it is the mean and median value on the Handbook graph ex-
cluding extrapolations and because it is taught at the U. S. Army
Engineer School, Fort Belvoir as the average slope length to use
when no other information is available for determining runoff
quantity.

Since L and S are experimental values that require extensive
work to determine I have substituted the combined LS factor in the
soil loss equation. These LS factors were found from graphical

techniques or by using the equation.

LS = /X (0.0076 + 0.0053 s + 0.00076 s°)

where: A field slope length in feet

percent slope

w
1]
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as given in the Handbook!'!'. Actual values of LS varied from 0.4 to

17.6 with a median value of 1.4.
e. C - Cover Factor

The cover factor is a dimensionless ratio that reflects the
theoretical effectiveness of the vegetative cover in reducing soil
erosion. Values of C for various land use categories are given in
the MRI report!2?. The descriptions of the watershed cover given in
the source articles enabled cover factors, C, to be designated for
each basin. Where several different vegetative covers were present,
an area weighted average C was used. Actual cover factors used

varied from .05 to .47 with a median value of 0.18.
f. P - Practice Factor

The practice factor is a dimensionless ratio that represents
the effectiveness of erosicn control practices in reducing erosion.
The MRI report assumes that adequate land treatment can reduce ero-
sion by 50 percent. For this study, therefore, practice factors
were chosen to be 1.0 (i.e., no reduction) for all basins for which
no successful erosion control practice was described or 0.5 (i.e.,
50 percent reduction) where such practices are described in source
articles. Only three basins were given the lower value of P while

twenty were given the higher value.




Pl g

g. SD - Sediment Delivery Ratio

The sediment delivery ratio is a factor that represents the
fraction of soil that enters stream channel based on distance of
travel and particle size and texture. The MRI has developed a
sediment delivery graph in which SD is a function of the reciprocal
of drainage density and soil texture!?. Soil texture was generally
stated in source articles or found in descriptions of the basin
soil in the Soil Series!'“.

Drainage density, on the other hand, has not been recorded and
is very difficult to determine from readily available sources.
Drainage density is defined as the length of stream channels in a
basin divided by the area of the basin and has units of kilometers
or miles per square kilometer or square mile. The reciprocal of
the drainage density has the units of square kilometers of area
divided by kilometer of channel or simply kilometers.

While determining the area of a basin is reasonably easy,
accurate measurement of the channal length is not. A given piece
of ground is covered with many different channels vavying in size
from major rivers to very small streams, ditches and depressions.
The size of stream that is to be considered in measuring length of
channel is nowhere stated and what one uses is more or less indi-
vidually determined.

Much work was done to determine basin drainage densities; the
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most consistent method described below was, however, the one used
in this study. The boundaries were delineated on 1:24,000 topo-
graphic maps. Drainage densities were determined by measuring the
length of all stream channels (both intermittent and permanent) in
the basin and dividing by the area as measured by planimetry. In
basins that were so small as to not have any channel shown on
1:24,000 maps, I determined the drainage density of the next larger
basin of which it was a subbasin and assigned that value to the sub-
basin. Several source articles did not give sufficient information
to locate basins exactly. In these cases an average of four or
more basins in the general area was assigned.

Values of SD were then found using the MRI graph, soil texture
and drainage density. These varied from .53 to .70. Most values
of SD were in the range of .56 + .03 because most soils were pre-
dominantly silt. The one higher value of .70 was due to a difference
in soil texture because drainage density was roughly the same as in

other samples.

2. Modified Soil Loss Equation

The Universal Soil Loss Equation used in this study is there-

fore the modified version of the MRI equation below.

Y(S) = 2242 A+ R+K-+LS=+C+P =+ SO |




where: Y(S)

i

sediment loading of the basin, in kilograms

per year
A = area of the basin, in hectares
LS = combined length-slope factor, (dimensionless)
C = area weighted average cover factor,
(dimensionless)

A11 other terms are as before.
Using this modified soil loss equation and data developed from
source articles (see Table I), the annual load of sediment carried
into each of the streams was calculated. These "predicted" values

are shown in Table II.
B. Nutrients

1. MRI - Nutrient Loading Functions

The MRI nutrient loading functions are hased on the assumption
that total nutrient loads can be related to and predicted based on
sediment load as determined from the Universal Soil Loss Equation.

These loading functions are:!®
Y(NU) = 20 - Y(S) - CNu e r

nutrient load in stream, in pounds/year

where: Y(NU)
Y(S)

sediment load in stream, in tons/year
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CNu = concentration of nutrient in soil, in percent
by weight
r = enrichment ratio

nutrients in eroded soil
nutrients in uneroded soil

4.0 for nitrogen, and 1.5 for phosphorus
These terms and modifications in the equations used for this
study are described below.
a. CNL' ~ Nutrient Concentration in Soil

NITROGEN

Nitrogen concentrations in the basin soils (CN) were determined

from a map in the MRI report!® which is based on the expression!?

CN . 0.55e'0'08T(1-e'0'005H)
where: CN = nitrogen content of the soil in percent by weight
(Note in the MRI report this term is called NT')
Ho= :H
(1 - ﬁ—O—)SVPt
P = precipitation, in mm/year
T = annual average temperature, in °C
RH = vrelative humidity, in percent




' 1
i |
|

.

s

Svp saturation vapor pressure at the temperature

i

above, in mm of mercury

]0[9.2992 - 2360/(273+7)]

This equation was developed by Jenny in a paper published in

19308, In this paper Jenny attempts tc associate the nitrogen

content of the soil with the climatic variables of temperature and

a humidity factor (the ratio of precipitation to evaporation).
There are several obvious shortcomings in Jenny's methods that

make the general application of his equation very questionable. He

bases all of his calculations on atmospheric climatic observations

when he, in fact, admits that it is actually the soil climate that
would logically influence biochemical processes and, therefore,
soil nitrogen levels. Probably the most salient shortcoming, how-

ever, is that Jenny's equation includes terms (K] = 0.08, K2 = 0.005

and C = 0.55) that are composite values of these same terms deter-
mained for several different soil types and in several different
climatic zones. His graphs show that these areas and soils obviously
have significantly different relationships of temperature and humid-
ity factor to soil nitrogen. It is, therefore, a gross approxima-
tion to use average values of the "constants" in the equation (if
they are averages) in a general expression for soil nitrogen. ,

Of the C, values taken from the MRI map all but two were 0.15;

N
the others were 0.20 and 0.25.




PHOSPHORUS

The phosphorus concentrations of basin soils were determined
using a map in the MRI report!? which was taken from Parker, et.
al.?%.  This map gives percent of P?()5 in the top foot of the soils
over the continental United States (Cp). The map appears in the
“Native Soil Fertility" section of the paper of Parker?! but no
reference is made of the original source of the data. The paper
does mention in the same section, however, that, "The fertility of
our soils is changing"??. [If this is true, it is logical to assume
that the map is somewhat inaccurate since it is based on measure-
ments made at least thirty years ago and that some of the soils may
have changed significantly in phosphoric acid (P205) content in
that time.

The MR[ model also neglects the augmentation of natural soil
phosphorus by fertilizer applications. This neglect of fertiliza-
tion along with the use of thirty year old nature fertility data
makes the MRI phosphorus predictions highly suspect. These values
were corrected in the calculations so as to give phorphorus rather
than P,0. content. Actual values of Cp used varied from 0.07 to

25
0.20 with a median value of 0.15.

b, pr = Enpvichment Ratio

This term represents the ratio of nutrient content in eroded
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soil to that in uneroded soil. The MRI states that the ratio is

4.0 for nitrogen and 1.5 for phosphorus which suggests that there

is four times as much nitrogen and fifty percent more phosphorus in
eroded soil (presumably surface layers) than in uneroded soil (lower
layers). The source of these ratios was not stated in the MRI ve-

port, therefore I cannot comment on their validity.

2. Modified Nutrient Loading Functions

The nutrient loading predictions for the study basins were
calculated based on the MRI equation using the sediment loads cal-
culated from the modified Universal Soil Loss Equation described i
earlier.

Nitrogen Loading Function :

Y(N)

i

89.7 « (A R*K<LS+«C*P+-35D- CN)

it

where: Y(N) = nitrogen load in stream, in kilograms/year ;

CN = concentration of nitrogen in soil, in percent ,
by weight
A1l other terms are as previously described. |

Phosphorus Loading Function

Y(P) = 14,7+ (A+ R« K*LS+P+<C+SD- Cp)
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where: Y(P)

1

phosphorus load in stream, in kilograms/year

o
"

concentration of P205 in soil, in percent
by weight
A1l other terms are as previous described.

Using these modified nutrient loading functions and data from
source articles (Table I), the predicted annual load of nitrogen
and phosphorus in each stream was caiculated. These values are
shown in Tables III and IV.

The loading functions of the Midwest Research Institute and
those modified for use in this study are summarized here for easier
reference.

LOADING FUNCTIONS

Functions used by MRI:

Sediment: Nutrients:

Universal Soil Loss Equation

Y(S)=Z[Ai(R-K-L-S*C-P-SD)i] Y(NU)=20~Y(S)-CNu°r

Where; Where;
Y(S)=Sediment (tons/year) Y(NU)=Nutrient (1b/year)
Ai = Area of subarea i (acres) CNu=Nutrient in soil
R=Rainfall factor (% by wt)
K=Soil-erodibility factor r=Enrichment ratio
L=Slope-length factor =4.0 for nitrogen
S=Slope-steepness factor =1.5 for phosphorus
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C=Cover factor
P=Erosion control practice factor

SP=Sediment delivery ratio

Functions as modified for this study:

Sediment: Nutrients:
Y(S)=2242+A+ReK+LS+C+P+SD Y(N)=89.7-A-R-K-LS-C-P-SD-CN
Where; Where;

Y(S)=Sediment (Kg/year Y(N)=Nitrogen (Kg/year)
A=Area of basin (hectares) CN=Nitrogen in soil (%
LS=Length-slope factor (a combi- by wt)

nation of L & S above)

Y(P)=14.7-A-R-K-LS-C-P-SD~CP
A1l other terms as above.

Where;
Y(P)=Phosphorus (Kg/year)

C =P20

p in soil (% by wt)

5
C. Some Measures of Sensitivity

In this section the impact of each of the inputs on the load-
ing functions and interrelationships of important terms are dis-
cussed. These impacts are determined by possible errors in the
terms themselves and by the degree that these errors effect the final

loading function calculations. Errors in assigning values to the




terms can be the result of:

(1) errors in physical measurements;

(2) insufficient available data necessitating the use of

approximations, and assumptions upon which these are based;
(3) errors from the use of theoretical relationships that are
either wrong or inaccurate;
(4) errors in mao representation of complex natural properties,
map location and interpolation; and

(5) natural changes in physical properties.

1. A - Area of Basin

This, 1ike most other inputs, is simply one of a linear set of
terms whose product is the loading function. Any error in the
actual area therefore produces a similar error in both relative
magnitude and direction in each of the loading functions. The
nature of this term is such, however, that differences between actual
area and that measured would be expected to be small. In other
words , area is easy to measure with appropriate accuracy and there-

fore does not introduce significant errors in the loading functions.

2. R - Rainfall Factor

Rainfall factor is a linear input, the impact of which is of

the same magnitude and direction as any difference between actual f
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and measured values. The source of this data is, however, a map
on which basins can be accurately located. The only errors that
can result are those of interpolation between rainfall contours or
original errors on the map. Since the MRI used the same map, pre-
sumably errors in it have been included, and compensated for, in
the model. Errors in finding accurate rainfall factor values are

therefore minimal.

3. K - Soil Erodibility

Soil erodibility is a linear input that introduces linear
errors if not accurately evalvated. However, as discussed pre-
viously, the soil erodibility is a very difficult term to determine
accurately. Evidence of this is the fact that one soil series
(Cecil) has no less than four different K values in the Handbook?3.
These values are significantly different within the possible range
of values of K. The range of possible values is limited, however,
but the value of K could be in error by a factor of from 10 to 20.
This term then has a significant impact on loading functions and is

a likely source of sizable errors.

4. L - Slope-Length

Slope-length as used in the modified loading functions is non-

linear. It is used with percent slope to enter a graph giving a

=
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combined LS term which is Tinear. Information on slope length was
not available and, as discussed previously, a length of 200 feet
was used in each case. This, of course, introduces errors inasmuch
as slope length is not everywhere constant. Errors in L are prob-
ably not as large as K above, however. Blong and Ryde?“ found in
New Zealand that the mean slope length of 104 slopes was 222 feet
with a standard deviation of 138 feet. These L would probably be
off by less than a factor of one.

The effect of L errors would also be small. At a constant
slope of 11.5 percent (the mean of all basins in the study), a ten
percent increase in L from 200 feet to 220 feet, resulted in only
a four percent increase in the LS factor and thus in loading func-

tions.

5. s - Slope Gradient

Like L, the percent slope is a nonlinear input used to find

the LS factor in the loading functions. Errors in determining slope

shculd be small because it is a physical term that can be easily
measured on the grodnd or from a map. The only foreseeable errors
are in not measuring enough individual slopes to accurately deter-
mine the mean slope for the basin.

The effect of slope errors on the LS factor would be large,

i
|
however. At a constant slope length of 200 feet (as was used here f
|
i
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for all basins), a ten percent increase in slope, from 11.5 to

12.65, resulted in a 14 percent increase in LS and in loading func-
, tions. Since, however, slope gradient probably increases as slope
length decreases the tendency is for the two terms to buffer errors
in LS. I would then not expect the slope length and slope gradient

to introduce sizable errors in the loading functions.

6. C - Cover Factor

Cover factor is also a linear term which will cause errors in
loading functions in the same direction and relative magnitude as

errors in its own value. The MRI generally states C factors in

enough detail to choose accurate ones for each basin. Errors are
introduced by inadequate descriptions of vegetation in the source
references or through inaccurate measures of the areas of different
vegetation types. Adequate descriptions were available for the
sites studied, therefore, errors in C should be minimal in this

study.

7. P - Practice Factor

The practice factor, another Tinear term, was constrained by

the MRI to values of either 1.0 or 0.5 by implication. The only

method to accurately determine the actual effectiveness of erosion

control (the practice factor) is through field tests and

i,

e e Y



experimentation. Had the MRI not constrained P, its determination
would have been extremely difficult. With P constrained however,
in this model, the only sources of errors are inadequate descrip-
tion of erosion control in the references. The degree to which

the references do not note erosion control is not known but for
most basins the errors can be a doubling of loading function values
at the worst.

No range of measured practice factors is given here but
theoretically it could range from 1.0 as in most basins here, to
zero which would indicate no actual sediment load from a basin. As
constrained by the MRI, however, practice factor is relatively easy

to determine and should not introduce more than moderate errors.

8. DD - Drainage Density

Drainage density is a nonlinear input used to determine sedi-
ment delivery ratio (SD), which is linear in the ioading functions.
As discussed earlier, drainage density was found using 1:24,000
topographic maps. This method certainly underestimates DD because
for the constant basin area only the larger rivers and streams were
measured. For a given soil texture, however, changes in drainage
density made small changes in the SD. The exponent of DD in the
equation for SD for silty soils?5 is 0.1784. Therefore, the impact

of a change in DD on SD and thus on the loading functions is small.




In addition, more accurate (that is higher) DD values will

cause loading predictions to increase. Since, as will be seen later,
all predictions are greater than measured loads, the results of more
accurate drainage density determinations are less accurate nonpoint
load predictions and a reduction of the utility of these loading

functions as predictive tools.

9. CNu - Nutrient Concentration in Soil

Nutrient concentrations are also linear terms in the loading
functions. The adequacy of the maps and methods used to draw them
(Jenny; Parker, et. al.) have been discussed previously. The MR1
models are based on these maps however, therefore, any errors in
the loading functions can come from interpolation or location of
basins accurately. Such errors should be minimal and loading func-

tions can be expected to be affected little by nutrient concentra-

tion ervrors.




s o

- 27

IV. BASIN DATA AND ANALYSIS

A. Sediment

Since the MRI model is based upon the ability of the Universal
Soil Loss Equation to predict the actual sediment load of a stream,
I first compared measured with predicted sediment loads. Data for
sediment loads was initially available on only six streams and all
of these were in one area of Iowa. Therefore, three streams in
other areas were added where published sediment load data existed
and where sufficient information to apply the soil loss equation
was available. Predicted and measured sediment loads in terms of
total Toad and load per unit area are shown for all nine streams in
Table II.

As may be seen from Figure 1 the measured total sediment load
in all but one of the streams is below that predicted and in most
cases about one order of magnitude lower. A linear regression line
(not straight on log paper) of actual against predicted sediment is
also shown. The slope of this line (.08) reflects the tendency of

the measured sediment load to be about one-~tenth of the predicted

value. Figure 2 shows a linear regression line of the log of measured

sediment load against the log of the predicted load and again indi-
cates that measured sediment is significantly lower than that pre-

dicted by the Universal Soil Loss Equation.

.
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FIGURE 1 - MEASURED VS PREDICTED AVERAGE ANNUAL SEDIMENT LOAD

with arithmetic linear regression.

(Watershed numbers printed near points on graph.)
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SEDIMENT LOAD

ANNUAL

lLinecar ropression.

= MEASURED VS PREDICTED AVERAGE

il

FLCURE

with logarithmic

(Watershed numbers printed near points on graph.)
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! FIGURE 3 ~ MEASURED VS PREDICTED AVERAGE ANNUAL SEDIMENT LOAD
A PER HECTARE with arithmetic linear regression.

i (Watershed numbers printed near points on graph.)
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The measured load and predicted load per unit area are plotted
on Figure 3. Here the linear regression line is again below the
line for an exact correlation. Of significance is the fact that
six of the nine points lie along a line (not drawn) that would repre-
sent a slope of one tenth that predicted.

While very little data is used here and conclusions must be
tentative, it appears that sediment load predicted by the Universal
Soil Loss Equation is too high. It may give an upper bound to actual
sediment loads. A majority of watersheds apparently have sediment

loads roughly one tenth of that given by the soil loss equation.

B. Nutrients
1. Total Nutrient Loads

The MRI nutrient equations are intended to predict the total

amount of nutrients contributed to a stream on an annual basis.

Total load is the sum of both the nutrient in solution and that
bound to the sediment. The MRI bases its use of the Universal Soil
Loss Equation as the foundation of the nutrient models on the assump-

ion that the majority of nutrient load is associated with the sedi-
ment. For this study, data on total nutrient load is limited. In
fact, figures were found for only six streams giving total nitrogen
load and for only two streawms for total phosphorus. In addition, all

of these streams are from one area (Treynor, Iowa) so that conclusions

o——
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drawn from such data must be limited.

From the tabulated data for total nitrogen (Table III) a graph
was drawn (Figure 4) showing predicted total nitrogen load against
the measured total load. A linear regression was performed to find
the best straight 1line that could be fit to the points and the
linear correlation. These are shown on the graph and indicate that
the best fit line is aliost horizontal (that is, large intercept and
very shallow slope). This would mean that the actual total nitrogen
load is independent of predicted load. The correlation of the points
to the line is only .41, however, which indicates that the linear
regression line and the data points are not closely related either.

From the graph (Figure 4), it appears that most of the data
points fall close to a 1ine on which the predicted total nitrogen
is ten times the measured total nitrogen. Such a line parallels the
dashed Tine on the graph and lies one log cycle below it. The impli-
cation is that actual total nitrogen load may generally be about one
tenth of the MRI prediction. If this is, in fact, true for a great
many drainage basins, then the MRI equation can be used to predict
total nitrogen load simply by taking one tenth of the result. This
study has far too few data points to make such a determination but
additional work on this prospect may be warranted.

In addition to predicted values, measured total nitrogen was

plotted against area of the basin (Figure 5). The linear regression
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TABLE

10
11
12

13

14

15

16

17

18

19

20

« M -

IIT - PREDICTED & MEASURED TOTAL NITROGEN LCADS

Predicted Predicted
Nitrogen Nitrogen
Location Area (Ha) Nry(Ks) NTP(Kg/HA)
Cashocton 123 14247.3 115.8
Ohio
A 17.6 1890.5 107.4
Treynor 157.5 25893.2 164.4
Iowa
L 33.6 7867.3 2341
Mahantango 771.3 15516.9 20.1
Pena.
Waynesville 1.88 1764.8 938.7
X.C.
" 1.48 1389.3 938.7
Treynor 30.0 7407.6 246.9
Iowa
8 33.6 7867.3 234.1
i 43.3 1117.3 25.8
b 60.8 6859.2 112.8
Cave Creak 655 19864.6 30.3
Ky. )
Flat Creek 1459 70124.7 48.1
Ky. x
Plum Creek 8239 2271019.8 275.7
Ry.
McCills Creek 554 162756.1 293.8
Ry.
Wast Bays Fork 1935 158671.3 82.0
Rose Creak 544 17205.0 31.6
Ky.
Helton Braach 200 8510.0 42.6
Ky.
Perry Craek 446 17959.6 40.3
Ky.
Aurora 7.8 147.4 18.9

N.Y.

Measured Measured

Nitrogen Nitrogea

(Xg) (Xe/Ha)
962.3 6.11
1221.0 36.34
1189.2 39.6
841.7 25.1
101.5 2.3
184.8 3.0




TABLE IV — PREDICTED & MEASURED TOTAL PHOSPHORUS LOADS

10
11
12

13

14

16
17
18
19

20

Location

Coshocton
Ohio

Treynor
Iowa
"

Mahantango
Penn.

Waynesville
N.C.

Cave Creek
Ky.

Flat Creek
Ky.
Plum Creek
Ky.

McGills Creek

West Bays Fork

Rose Creek

Heltaoa Braach

Ky.
Perry Creek

Ky.
Aurora

n.Y.

Area (Ha)
123

17.6

157.5

1.88

1.48
30.0

33.6

43.3

60.8"
655

1459

8239

554

1935

544

200

446

7.8

- 35 -

Predicted Predicted
Phosphorus Phosphorus
Prp (Kg)  Bp, (Rg/ha)
2332.2 19.0
309.4 17.6
4469.7 26.7
1287.8 38.3
1270.0 1.65
134.8 n.7
106.1 71.7
1212.5 40.4
1287.8 38.3
182.9 4.2
1122.8 18.5
4335.6 6.6
15305.2 10.5
421314.9 51.1
30194.2 54.5
17315.5 8.9
1314.3 2.4
1393.0 7.0
1371.9 3.1
14.5 1.9

Measured Measured

Phosphorus  Phosphorus

__(Kg) (Kg/Fa)
70.40 0.45
32.49 0.967
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FIGURE 5 - MEASURED AVERAGE ANNUAL TOTAL NITROGEN LOAD VS AREA

with arithmetic linear regression.

(Watershed numbers printed near points on graph.)
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is shown, but correlation is very poor. For this reason a relation
of total nitrogen to area was not pursued further. As will be seen
later, there is a relation of soluble nitrogen to area but no such
dependence is seen for total nitrogen.

As was mentioned only two drainage basins in this report give
data on total phosphorus load. Because of the lack of data no
analysis was done for total phosphcrus. For the two available
points the MRI equation predicts a total phosphorus load 40 to 60

times the measured load.

2. Soluble Nutrient Loads

The major emphasis in this study is on soluble nutrient loads.
It is the soluble nutrients that are the major causes of water pol-
lution problems. Most algae use nutrients in the soluble form being
for the most part unable to take them directly from the sediment.
The only importance of the nutrients in the sediment is that they
can act as a reservoir to resupply those in solution. Since it is
doubtful that sediment bound nutrients would increase the concen-

tration of those in solution but would rather buffer any decreasing

trend they are of less immediate concern. The second reason for

concentrating on soluble nutrient loads is that it is these on which
I have been able to collect the vast majority of data. OFf the 23

drainage basins in source articles, 19 have soluble nitrogen data




and 16 have soluble phosphorus data.

a. Forms of Soluble Nitrogen

Early in the study I found that all of the source articles pre-
senting nitrogen data reported it as soluble nitrate (N03-) nitrogen
and most also reported total soluble nitrogen. Since the MRI model
does not differentiate between the forms of nitrogen it was necessary
to determine if data could be generated for all streams in terms of
total soluble nitrogen.

To do this I calculated the ratic of total soluble nitrogen to
soluble nitrate (actually N03' + NOZ-) nitrogen for the eleven
streams for which data was avail ble on both forms. These ratios
are shown on Figure 6. It seems clear that for the great majority
of streams the ratio of the total to N03_ forms is nearly constant.
Therefore an average ratio for the elevel streams was calculated and
this ratio was used to find the total soluble nitrogen load for the
streams reporting only nitrate load. loads so calculated are indi-
cated on Table V.

As a matter of interest similar calculations were made compar-

ing ratios of total nitrogen to total soluble nitrogen. The results

shown on Figure 7 are inconclusive, however,
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b, MRI Model as a Predictor of Soluble Nutrients

For the remainder of this essay I will discuss nitrogen and
phosphorus together as the analysis and results were similar. The
data points of measured soluble nitrcgen and phosphorus were plotted
against the total predicted loads of these nutrients. These plots
are on Figures 8 and 9 and both show two linear regression lines.

The first line is the best fit straight line (not straight here
because 1og paper was needed to show all points) to all of the points
while the second is the best fit to all points less the one extreme
point on each graph. The right-hand side of the equations for each
line is printed near it on these and all other graphs with the simple
linear correlation (r) which is a measure of how well the data point
distribution is represented by thne regression line.

The linear regression line of measured to predicted data would
have a slope of unity, a zero intercept and an exact positive corre-
lation (r = 1,0) if the model predicts the exact nutrient value that
is measured. The accuracy of the modal and its utility can be judged
by the closeness of the actual linear regression to that of a perfect
predictor described above. The slope parameter may be relaxed and a
good predictive tool still be shown if the other two parameters are ‘i
close to ideal. The various models and prospective prediction terms
in this study are all evaluated based on these criteria. Correla-

tion must be relatively high and positive, the intercept should be

—
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TABLE V —~ MEASURED AVERAGE ANNUAL SOLUBLE NITROGEN

& NO_ -N LOADS

3
Measured Measured Measured Measured
Soluble Soluble Sol.ubh‘. Soludle
Nitrogea  Nitrogan ROJ ) }3:).; N
Locz2tion Ar2a (Ha) (Kg) (Kg/Ha) “(Xe) (¥2/53)
1 Cashoctan 123 607.9 4.94 400.37 3.26
Oxio
| ” 17.6 43.1 2.45 18.19 1.03
3 Treyoor 157.5 2856.7 1.82 133.88 0.85
Iowa
4 » 33.6 104.8 3.12 " 69.55 2.07
s  Mahaata=n3zd 771.3 E
Pem.
6 Waynasvilla 1.88 6.17 3.28 4.53 2.36
NeGs
7 - . 1.48 17.88 12.08 15.30 10.3%
8, Treyno: 30.c 9L.5 3.05 50.70 1.69
¥ Ic=a )
9 " 33.6 63.5 1.89 32.59 °~ 0.97
10 L ' 43.3 49.5 1.14 32.91 0.76
1 e 60.8 25.5 0.42 10.91 0.18
12 Cava Craz2kz 655 "23359.4* 36.43* 13479%.9 20.58
13 Flat Craak 1459 15861.0* 10.87* 8961.0 ‘6.14
Xr. : v
14 Plum Crees 8239 110002.3*  13.35% 621482 7.54
Xv.
1S McGills Crask 554 4482.5% 8.09*» 2532.5 4.57 ;
Ky. . ek o i
16 West Bays Tozk 1935 19934.6* 10.30*%  11262.5 5.82 g
Ky. -
17 Rosa Craak 544 14603.0* 26.85* 8250.3 15.17
Xy.
18 Heltoa 3raach 200 514,7+ 2.57* 250.8 1.45
Ky. 7
19 Perry Creak 445 3456.3% 7.75% 1952.7 §.38
= L]
20 Aurora

7.8 31.7 4.06 27.65
. .Y, >

3.5¢

# Calculatad bSased on average ratio of Total N / xo_.; N =1.77
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TABLE VI - MEASURED AVERAGE ANNUAL SOLUBLE PHOSPHORUS LOADS

[ =]

10
11
12

13

14

15

16

17

18

19

20

Location Area (Ha)
Coshocton 123
Ohio
M 17.6
Treynor 157.5
Towa
o 33.6
Mahantango 771.3
Penn.
Waynesville 1.88
N.Ce
" 1.48
Treynor 30.0
Iowa
b 33.6
= 43.3
b 60.8
Cave Creek 655
Ky.
Flat Creek 1459
Ky.
Plum Creek 8239
Ry.
McGills Creek 554
Ky.
West Bays Fork 1935
Ry.
Rose Creek 544
Ky.
Helton Branch 200
Ky.
Perry Creek 446
Ky.
Aurora 7.8
v.Y.

= AR~

Meacured

Soluble

Phosphorus
K
6.863

Q0.836

36.94
5.81
75.60
0.28

0.40

766.4
X955
3166.1
k;.9
116.4
48.2
8.87
48.47

1.49

Measured
SOluble
Phosphorus

(Kg/Ha)
0.056

0.048

0.235
0.173
0.098
0.149

0.270

1.170
0.216
0.384
0.086
0.060
0.089
0.044
0.109

0.191

|
|
1
i
% |
i
"
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relatively close to a zero value. The slope should be near unity
for the model to be predictive as it appears, however if the other
criteria are good, the addition of a coefficient to the predictive
model can adjust the slope to near unity.

When the utility of the MRI predictions are judged based on the
above measures they are seen to be poor predictors of soluble
nutrient locad. In the case of both nitrogen and phosphorus the
slope of the regression lines are so shallow as to not approach an
actual data point or materially increase past the intercept value
until the independent variable has a value of approximately 104.
These lines in no way come close to the majority of points, espec-
jally on the lower end of the range.

I suspected that the one large basin represented by the extreme
point on the graph was dominating the characteristics of the regres-
sion lines and the high correlations. This is the reason that
regressions were made leaving out this extreme point on these and
other plots in the study. As can be seen, on these two plots the
slope and intercept were not markedly changed by omitting the extreme

point, but the correlations were reduced sharply.

e. Impact of the Terms in the MRI Model

A study of the variability of the individual termms in the MRI

model and the variables influencing these terms indicated that it
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was possible that even though the MRI model was not an extremely
useful predictor of soluble nutrient load that one or more of the
input factors to the model might be closely related to load and
therefore useful as predictive tools.

The large range of drainage area here made it extremely unlikely
that any term would be a useful predictor of soluble nutrient load
if it were used independent of drainage area. For this reason all
terms analyzed for predictive properties were either used in combi-
nation with drainage area to test for total soluble load prediction,
or used independent of area to test for soluble load per unit area.
The variables and combinations of variables tested along with their
slopes, intercepts and simple linear correlations are summarized in
Tables VII and VIII. A1l sets of variables that include drainage
area have high correlations with measured loads of soluble nutrients. ]
When area is omitted, as in the plot of a single variable against
soluble nutrient load per unit area, the correlations are generally
much poorer and in many cases negative.

The nctable exception to the above is the sediment delivery (SD)
variable which has a high correlation to both soluble nitrogen and
soluble phosphorus load per unit area. Because of this it was
decided to concentrate on the usefulness of area (A) and the combi-

nation of area and sediment delivery ratio (A x SD) as predictive

tools. Also included was the combination of area and drainage




CORRELATIONS

- 49 -

LINEAR REGRESSION & CORRZLATION

TABLE VII -~ SEDIMENT & NITROGEN ARITHMETIC LINEAR REGRESSIONS &

INDEPENDSHT DZPENDENT
VARIABLE ¥S  VARIABLE SLOPE  INTERCEPT CORRELATION

Bra Ty % .0240 | 521.1 4135
Area L .2522 735.0 l .0252
Area Ng 13.26 13.66 .9849
Area NO W 7.461 42.43 9846
Pre X Ng L0473 {3241, .9625
Pre N, Noy N .0267 |1726. .9625
DD x Azea Ng 4.635 |1201. .9836
SD x irea " 22.60 104.1 .5378
C x Azas o 36.64  [2079. .9751,
LS x A-ea L 7.834 -8.058 .9483
S x irea M 1.703 |-215.5 .9576
R x Araa " .0667 | 520.5 297
X x Araa b 42.73 1427. 9755
Pre 5_/3a | N /u -.0037 | s.882 | -.1074
DD " 5.461 | -3.925 -3015

sD " 201.6 -107.7 .7961

c " -12.56 11.04 ~.2097

LS " -.1653 8.694 -.0931

s . -.1530 9.916 -.1687

R " L0687 | -4.737 .2869

K " ~30.45 16.69 -.3429

Pre Sed Sed .0794 | s74305 7899
Pre Sad/ia | seq/Ha .8750 | ~7283 .7508




TABLE VIII - PHOSPHORUS ARITHMETIC LINEAR REGRESSIONS & CORRELATIONS

- 8O -

INCEPENDENT DEPENDENT LINEAR REGRESSION & CORRELATION

VARIABLE VARIABLE SLOPE INTERCEPT CORRELATION

Area Ps .3718 ~28.06 .9503

Pre PT " .0074 59.60 .9694

DD x Area 4 W1327 -26.68 .9729

SD x Area " .6426 -64.60 9662

C x Area 2 1.040 11.49 .9602

LS x Area i L2210 -57.61 <9214

S x Area " L0479 -64.76 .9249

R x Area 4 .C019 -41.72 .9417

X x Area " 1,231 -11.69 .9740

Pre Prflia PS/HA -.0002 .2160 -.0197

DD % ~.0204 .2523 -.0324

sD W 6.453 -3.536 .8486

C " -.0657 2245 -.0314

Ls o -.0130 .3024 -.2682

S " -.0037 .2561 -.1510

R b .0008 .0941 <1244

K - -.1831 .2584 -.0798
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density (A x DD) as this combination has especially high correla-
tion to soluble Tloads and because drainage density and sediment
delivery ratio on a given watershed are highly correlated.

(1) Area

The relationship between area and soluble nutrient loads is

shown on Figures 10 and 11. The nutrient load increases with in-
creasing area. Correlations are high between area and soluble load
and generally the slopes of the regression lines quickly overcome
the intercept value and closely follow most data points. When the
extreme point is neglected on each graph the correlation is poorer,
although still high especially for nitrogen.

(2) Area x Sediment Delivery

The relationship between the product of area times sediment
delivery and soluble nutrient loads are shown on Figures 12 and 13.
For the nitrogen graph the regression line fits the data very well,
has a high correlation, and is hardly changed when the extreme point
is neglected. The phosphorus plot is much less satisfying, however.
The linear regression line has a relatively large negative intercept.
Also the omission of the extreme point greatly changes the slope of

the line and reduces the correlation.

In order to examine the relation of sediment delivery ratio to
nutrient loads more closely, plots were made of the sediment delivery

against the soluble nutrient load per unit area. These are shown on ;
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(Watershed numbers printed near points on graph.)

with arithmetic linear regressions.
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FIGURE 10 - MEASURED AVERAGE ANNUAL SOLUBLE NITROGEN VS AREA

Area ( Ha )
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FIGURE 11 - MEASURED AVERAGE ANNUAL SOLUBLE PHOSPHORUS VS AREA

with arithmetic linear regressions.

(Watershed numbers printed near points on graph.)
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FIGURE 14 - MFASURED AVERAGE ANNUAL SOLUBLE NITROGEN PER HECTARE
VS SEDIMENT DELIVERY with arithmetic linear regressions.
(Watershed numbers printed near points on graph.)

Soluble Nitrogen ( Kg/Ha )

Sediment Delivery
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FIGURE 15 ~ MEASURED AVERAGE ANNUAL SOLUBLE PHOSPHORUS PER HECTARE
VS SEDIMENT DELIVERY with arithmetic linear regressions.
(Watershed numbers printed near points on graph.)
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Figures 14 and 15. From these graphs it can be seen that high cor-
relations are mostly the result of one extreme point where SD = 0.7.
When this point is neglected correlations are greatly reduced and
the regression lines change abruptly.

The reader may remember from the earlier discussion of the
sediment delivery that most values were near .56 but that one was
.70 as the result of different soil texture. This one value corres-
ponds to the extreme point on these graphs and is almost entirely
responsible for any correlation between sediment delivery and soluble
nutrient load. The significance seems to be that soil texture may
dominate the value of sediment delivery and correlate closely to
soluble nutrient load. It is also pessible, however, that this
apparent dependence on soil texture is only an artifact of the one
data point where texture and nutrient load happen to change and that
no cause and effect relationship exists.

(3) Area x Drainage Density

The plot of the product of area times drainage density against
soluble nutrient loads are on Figures 16 and 17. MHere as with the
sediment delivery graphs the nitrogen load seems to have a more evi-
dent relationship to the area times drainage density product. Again,
however, exclusion of the extreme point markedly reduces the corre-

lation with phosphorus Tload.

Plots of drainage density against nutrient loads per unit area
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FIGURE 17 - MEASURED AVERAGE ANNUAL SOLUBLE PHOSPHORUS VS

AREA x DRAINACE DENSITY with arithmetic linear

regressions.

(WVatershed numbers printed near points on graph.)
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(Figures 18 and 19) show very small correlations and the regression
lines are almost horizontal which indicates that unit area loads

seem to be independent of drainage density.

d. The importance of Area

The conclusion that I have drawn from the preceding analysis is
that one term in the MRI model alone is related to the solubie
nutrient load of a stream. This is the drainage area of the basin.
A1l the other variables appear simply to add noise. There may be
some relation of sediment delivery to load but it is related to
soil texture rather than drainage density. The remainder of the
study, then is concerned with the relation of basin area to soluble
nutrient load and an attempt to devise some method for predicting
loads from basin areas.

One point, however should be noted here. That is, the apparent
distribution of the points on the preceding graphs along what may be
seen as straight lines on log paper. Such lines, although not shown
here, may be derived by taking linear regressions of the log of the
dependent variable against the log of the independent variable.

Such calculations have been made and the results shown in Table IX.
These equations show very similar exponents within the two different
nutrients and especially close values for the three eduations involv-

ing either area alone or area multiplied by a second term such as

S b i i e
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TABLE IX - SELECTED NITROGEN AND PHOSPHORUS LOGARITHMIC LINEAR
REGRESSIONS AND CORRELATIONS

Nitrogen Phosphorus
1.14 B .71

Ng 01 (N, ) r=. 83 By = B ) r=. 77 |
B, = L8t k3% s Poow it AP s
Ny = 3.14 (A xsp)-23 P, = .72 ( Axsp) % *

r=.95 r=, 89
N, = .66 (A xDp)t?? P, = .25 (Axopp) 8

r=.96 r=, 88

T — —




sediment delivery. The implication is that area dominates the
relationships and supports that conclusion made earlier based on
arithmetic rather than logarithmic plots and regressicns. No
attempt is made here to develop any relationship of area to nutrient
load that involves exponential values. While such a relationship
may exist, I cannot envision a set of processes that might produce

it and would want much more data before suggesting such a dependency.

e. The Distribution of Soluble Nutrient Loads per Unit Area

The first step in my investigation of the distribution of

____————s0luble nutrient loads per unit area was to see if there was a con-

nection between the loads of nitrogen and phosphorus. To do this I
studied the ratio of nitrogen to phosphorus on the 15 watersheds for
which both nutrients were reported. The unit loads of nitrogen and
phosphorus and the ratios of these loads are shown on Figure 20.

The value of the ratio of the nutrient loads varied from a low of
7.7 to a high of 301.7. There appeared to be no observable consis-
tency to the ratio, therefore there was assumed to be no connection
between unit area loads of the two nutrients studied.

The bar graphs of unit area loads of nitrogen and phosphorus

shown on Figures 21 and 22 seem to show a common range of such values.

The frequency distribution of the unit area loads are shown on

Figures 23 and 24. On these graphs an X indicates one occurrence of
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FIGURE 21 - SOLUBLE NITROGEN LOADS

35.0 =
§3.§ — i .

FReS e - = _: -Q‘_:

e
e
R
e e

Watershed Nuber

8 9 10 1112 13 1415 16 17 18 19 20




=G
TS

i
e
7

iy

+
! -
e G S
3 g T 3
D
t
=
e
-
0
g
v
:
0
-H--

L
3
T
.
[

!
7 12 1314 1516 1718 19 20

e e e

1
T
1

v
T
)
i
s DR
T
)
1
T
-
|

e ]

: R T N, T
e e
— e
.

! i _ 3 ]
o) il e
1
0 (1 | j igii
1 Fias A
L :
¢ | { 1
il i i b :

3

Q

=

2] |

B .

2 i

- { T [inx i

%2] 1 | ' :

m | J { 3 | R

& _ K . I A

< 3 _ =,
. - -~ B 1 N B

5 '

s | L te

%] i - m 1 “ 44444 =t

] _.. .__ ,_ 144 _ _..
I S 1 3

e Sl 1 ﬂl

2 ¥ )

2 L1 _ :_

O

>

0.2
0.1

< ™
o c
uH/3x  snaoydsoyg

Watershed Number




B0

FIGURE 23 - DISTRIBUTION OF SOLUBLE NITROGEN LOADS
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a load within the range shown. Both of these distributions show a
sharp increase to a peak near the origin and a less sharp decline
tailing down to very few points at higher ranges of unit area load.

Such a distribution is characteristic of a set of values the
logarithms of which are normally distributed, Based on this obser-
vation I assumed the distribution of the logarithms to be normal and
calculated the means and standard deviations. From these the dis-
tribution curves shown in Figures 25 and 26 were made. The top
portion (Figures 25a and 26a) show the normal curve on the loga-
rithmic axis with the actual occurrences of load logarithms indicated.
The reader may judge for himself if this is, in fact, a normal dis-
tribution. The observation that the mean logarithm corresponds to
the median load supports this conclusion, however. Admittedly, more
data would be helpful. The Tower curve is the same distribution on
an arithmetic scale for reference only.

Figures 27 and 28 are the soluble nutrient load versus area
plots of points, but with Tines drawn representing the mean and plus
and minus one standard deviation of the log of load per unit area
times the area. As can be seen these lines bound a rather well de-
fined range of values that could be used to estimate expected nutrient
Toad for any given watershed for which the area is known.

To the degree that the statistics of this rather limited sample

represent the distribution of nutrient loads in all streams they can
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with mean and * 1 standard deviation of the logs

FIGURE 27 - MEASURED AVERAGE ANNUAL SOLUBLE NITROGEN VS AREA
of the loads.

(Watershed numbers printed near points on graph.)
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be used to calculate the probability that actual load per unit area
of any stream will not exceed a given value. Such probabilities and
associated unit loading rates have been calculated and are shown in
Table X. Lines representing these loads and probabilities are also
plotted on area and nutrient load graphs (Figures 29 and 30).

The net result is that if these normal distributions of loga-
rithms are indeed real the planner may choose a value of nutrient
load and find the probability that the actual value will not exceed
it or conversely choose a probability and find the load that will
give him that degree of assurance of not being exceeded. For
example, if the planner wants to be 90 percent sure that the non-
point pollution of nutrients he predicts will not be exceeded he
would predict 19.5 Kg/Ha of nitrogen and .42 Kg/Ha of phosphorus.

If average values are desired he would use the .50 probability value.




TABLE X

~ PROBABILITIES AND LOADING RATES

Probability of not
exceeding stated
loading rate

.1
22
.3
4

-]

Loading Rate

Kg N/Ha

1.2
1.9
2.7
3.6
4.7
6.3
8.4
12.0
19.5
29.0

Kg P/Ha
.05
.07
.09
.11
.14
.17
21

.29

«57




Soluble Nitrogen ( Kg )
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FIGURE 29 ~ SOLUBLE NITROGEN VS AREA

WITH PROBABLLITLES
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FIGURE 30 - SOLUBLE PHOSPHORUS VS AREA WITH PROBABILITIES
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V. DISCUSSION AND CONCLUSIONS

A. Universal Soil Loss Equation

There is too 1ittle data in this study for any hard conclusions
to be drawn regarding the accuracy of the soil loss equation. There
does seem to be a pattern of sediment load values that are generally
one-tenth of that predicted by the equation however, with a smaller
number of values very close to predictions. More data are needed
to give a true test of the value of the soil loss equation for the

prediction of sediment loads for watersheds.

B. Total Nutrient Load Prediction

While data is limited, the MRI model generally over-predicts
the total nutrient load of nitrogen by a factor of 10 and phosphorus
by a factor of from 40 to 60. It is possible that the error in the
nitrogen prediction is a result of over-prediction of annual sediment
load by the Universal Soil Loss Equation since the magnitude of the
difference between actual and predicted values are the same for both.
Again these conclusions are limited. Confirmation requires more data

than are reported here.

C. Ratio of Nitrate to Total Nitrogen in Solution

The ratio of nitrate nitrogen to total nitrogen in solution was




almost constant for all streams for which I was able to obtain data.
This leads to the conclusion that, in general, this ratio is con-
stant and of total nitrogen in solution a fixed fraction can be
expected to be in the oxidized form (nitrate) and a fixed fraction
will also be in the reduced form (mostly ammonia). The fraction of
nitrate is generally .56 while .44 of the nitrogen is in reduced
forms. This conclusion is reinforced by the fact that linear regres-
sions of soluble nitrate nitrogen against area and against predicted
total nitrogen (Table VII) had just over one-half the slope of simi-
lar regressions of total soluble nitrogen against these same two
independent variables. The correlations of nitrate plots were for
all practical purposes identical to those of total soluble nitrogen
all of which would be expected if the fraction of nitrate were

constant.

D. The MRI as a Soluble Nutrient Model

The MRI model was found to over-predict both soluble nitrogen
and phosphorus loads in the streams studied here. There was a high
correlation of predicted load to actual load but upon analysis this
was determined to be almost entirely due to the area term in the
model. Thus the model does not appear to predict soluble nutrient
load and most of the terms in the model are little more than random
variables having no impact on prediction success. With the excep-

tion of drainage area, the only term that may be useful to study
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further is sediment delivery ratio and then only as soil texture

affects it.

E. Nutrient Loads on a Per Area Basis

From this study it appears that the logarithms of the soluble
nutrient loads per unit area are normally distributed. There are
probably some factors, sets of factors, or processes that determine
where in the distribution the loads for any one stream will fall,
but these controlling factors are not evident in this study. Not
knowing the factors that influence load values, the best we can
presently do is to describe the distribution of values and calculate
the probability of not exceeding, or falling below, any given value
of the soluble nutrient load.

This is an area where further study and work may produce very
useful results. More data should be gathered to determine with more
certainty if the distribution of unit area loads are as described
here and the statistics then recalculated based upon the largest

sample possible.
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