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ABSTRACT

This study investigates the utility of a nonpoint pollution

model and its vari ous incl uded terms as predi ctors of average annual

nonpoi n t stre~~ loads of sediment nitrogen and phosphorus. The model

as a whol e was found to be of marginal val ue but the basin area term

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

The logari thms of the unit area loads of sol uble nitrogen and phos-

phorus were found to be normally distributed allowi ng means , standard

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

The purpose of this study was to investigat e the prediction of

non-point agri cultural pollution of strea ms in the mi ddle and eas te rn

United S tates . Equati ons proposed by the Mi dwest Research Institute

in a 1975 draft report were tested by comparing their predi cted sedi-

ment and total nut rient loads with measured sediment , and total and

soluble nut rient loads in twenty-th ree streans from New York to

North Ca rolina and from New Jersey to Iowa. The obj ective of this

s tudy was to be able to predi ct for any given stre an the a,m.unt of

non—point agri cultural polluti on on an annual basis.
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I I .  I N T R O DUCT I ON

Until relatively recently wate r polluti on has been deal t wi th

almos t exclus i vely as an urban and industrial effl uent problem and

had l i t t le,  if any , concern wi th stream pollution arising from

natural , overl and runoff , or non-point sources . Decision makers

w i l l  undoub tedly be cal led upon to take continuing steps to reduce

the levels of pollution in streams and ri vers. As abatement and

contro l of point source pollution hopefully becomes more extensi ve

~nd effective , the relative contribution of non-point sources will

Incre ase and perhaps become the limi ting factor determining water

quality .

In orde r to iiiake informe d decisions one mus t have some know l-

edge of the magn i tud~’ and nature of non-point pollution . For this

reas on it is becoming incre asing ly importan t to learn more about

the processes that gove rn 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

levels are exceeded.

Non-point pollutan ts can be in the form of sediment , excess

plan t nutrients , pesticides , toxi c chemi cals , patho~ens and organic

matter. This stu dy is limi ted to an investigation of annual loads

of sedi ment and the two major nutri ents , nitrogen and phosphorus .

Excessive sediment is one , if not the , major stream pollut ant. 

---- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
--
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Its presence not only makes water unsuitable for many uses but one

or severa l other pollutan ts may be transported bound to the particles

of the sediment. Excess sedi ment can fill reservo irs at accelerated

rates and require expensive maintenance of channels in navi gable

waters . Erosion of the sed iment may also reduce the value of land

as a source of agri culture or natural hI)i tat ’.

Plant nutrients , that is nitrogen and phosphorus , are also

major non-point source pollutants. These nutrients when present in

excessive amount.s can caus e accelerated growth of algae in bodi es

of wate r2 . Excessive biomass of algae can caus? several water

quality problems . Al gae 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 addi tion , 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 predi c-

tion is the testing of a set of equations adopted and devel oped by

the Mi dwest Research Insti tute for use in a study undertaken for the

National Comiss ion on Water Quality 3 . These predicti ve equations

were applied to twenty-th ree watersheds in the centra l and eastern

Uni ted States and the results compared with actual pollutant l oads

meas ured in the streams. A term by term ~i~lysis of impacts on pollu-

tant load was undertaken to de termine the relati onship of the terms
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In the predicti ve equations to real loads of non-point pollutants

and to determi ne if a realistic method of predi cting non-point pol-

lution coul d be devel oped.
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III. THE MRI MODEL

The Midwest Research Insti tute (MRI ) published a draft final

report in July 1975 on “Cos t and Effectivenes s of Control of Pollu-

tion from Selected Nonpoint Sources ”’ for the National Coimiission

on Water Quality. This report described the relati ve signifi cance

of nonpoint sources of pollution of streams in different l ocations

along with the effecti veness and economics of diffe rent methods of

controlling these nonpoint sources .

A major porti on of the MRI study involved pol lutants deri ved

from nonpoint sources on agri cultural lands . It was , there fore,

necessary to predi ct the amounts of pollutants that would be de-

ri ved from nonpoint sources in various drainage basins over a large

porti on of the United States . For this the FIR! Model used the Viii-

versal Soi l Loss Equation 5 to predi ct sediment inputs and based

nutrient loadings on these sediment contributions.

A. Sediment

1. MRI — Universal Soil Loss Equati on

The Universal Soil Loss Equation was used as a predi ctor of

sediment loadi ngs in the fo rm:6
I

Y( S) = ~~[A. (R . K L . S C . P SD).)

— -~~~ ------- ~~—--- .---— ——---—~~~
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where: Y ( S )  = sed i ment loading of the basin in tons/year

n = nuther of subareas in acres

A 1 acreage of subarea i

R = the rainfall factor in units of rainfal l-

erosivity index ; El /year

K the soil-erodibility factor in tons/acre !

El uni t

I = the slope-length factor, (dimensionless)

S = the slope-steepnes s factor , (dimensionless)

C = the cove r facto r, (dimensionless )

P = the erosion control practi ce factor ,

(dimensionless)

SD = the sediment delivery rati o, (dimension less)

The meaning of each term in the soi l loss equation , methods of

determining the val ues of the terms, and modi fications needed to

calculate the predi c ted sediment loadings for the study streams are

discussed in the following sections. For a more detailed di scussion

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

Agr~oulture Hcrndhook No. 282)  U. S. Department of Agriculture , May

1965. (Hereafter referred to as “Handbook” .)

a. Area of Suhbaain i

In this study it was more convenient to deal wi th the total

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

~~~~~ :.~~~~~~~~~~~ -
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weighted mean of each of the other factors if they were not constant

over the whole basin. This does not ch ange the val ue of the loads

calcul ated from the equation but was easier to work wi th 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 rainfal l factor or rainfal l erosion index is a term that

re flects the relationship of soil loss to rainstorm characteristi cs .

These val ues were found by locating the drainage basins on a map 7

(Handbook) showing contours of average annual rainfal l factor . The

map does not cove r states west of the Continental Di vide , therefore ,

basins in the far wes tern U. S. were not used here. R val ues varied

from 85 to 250 , wi th a median value (f  170 .

c. K - Soi l Rrodibility

The soi l erodibility facto r is a coeffi ci ent expressing the

rate of erosion per unit of erosion index (R above) from a unit plot

of soi l with speci fi c length , slope and surface condi tions . The

Handbook contains a chart of K values for 23 soi ls~ . Some of the

soils in the drainage basins appeare d in this table , but mos t did

not. When the basin soil was not on the chart it was gi ven a K
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value of the soi l on the chart deemed to be most like it. This was

determined using the Soi l Seri es of the United States ) Puerto-Rico

and the Virgin Is lands 9 and comparing taxonomi c classifi cations.

Some source articles did not i dentify the soi l type (series) in

the basin. In these cases the soi l types was determined from soils

maps or from typical soils on the cl osest areas for whi ch soils maps

were avai l able (usually the next county). As a resul t 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 val ues varied from 0.08 to 0.48 wi th a medi an val ue of

0.25.

d. L - Slope-Length Factor and S - Slope-Steepness Facto r

Slope-length and slope-steepness factors have been experimen t-

ally determi ned for use in the soi l loss equation. In actual use ,

however, it is more convenient to use a combined IS factor. This

factor represents the expected ratio of soi l loss per unit area of

the actual basin to soi l loss from a unit plot of speci fic slope

and length .

A graph in the Handbook’° gives the soil-loss (LS) ratios when

entered with percent slope and slope length . Slope l ength is de-

fined as the distance from the start of overl and flow to ei ther

point of deposi tion of suspended particles or to the point where

runoff enters a well defined channel .
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To determine the IS factor for this study I entered the graph

wi th slope as stated in source arti cles or as measure d from 1:24 ,000

topographic maps . For map determination of slope an ave rage of four

slope s was used for each bas in , each slope being determined from a

strai ght line drawn along the line connecting a ri dge cres t with the

stream channel or valley bottom at right angles to the contours.

In no case was slope length given in the references used. Since

maps do not show the many small s tream channels that cover a basin

and since on site eval uation was impossible I chose to approxi mate

the slope length of all basins as 200 feet. This figure was chosen

because it is the mean and median val ue on the Handbook graph ex-

cl uding extrapolations and because it is ta ught at the U. S. Army

Engineer Schoo l, Fort Bel voi r as the average slope length to use

when no other info rmati on is avai lable for deter~iining runoff

quanti ty.

Since L and S are experimental val ues that require extensive

work to determine I have substi tuted the combined LS factor in the

soi l loss equati on. These IS factors were found from graphical

techniques or by using the equati on.

is = T3 (0.0076 + 0.0053 s + 0.00076 s2)

where : X = field slope length in feet

s = percent slope
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as gi ven in the Handbook 1-’ . Actua l val ues of LS varied from 0.4 to

17.6 with a median value of 1.4.

e. C — C0R?r Fczutor

The cove r factor is a di mensionless ratio that reflects the

theoretical effectiveness of the vegetative cover in reducing soi l

eros ion. Values of C for vari ous land use categories are gi ven in

the MRI report 12 . The des cri pti ons of the watershed cover gi ven in

the source articles enabled cover factors , C , to be designated for

each basin. Where severa l di fferent vegetative covers were present ,

an area weighted average C was used . Ac tual cover factors used

varied from .05 to .47 with a median val ue of 0.18.

f .  P - P ract ice Fa ctor

The practice factor is a di mensionles s ratio that represents

the effecti veness of erosion control practi ces in reducing erosion.

The t~RI report assume s that adequate land treatment can reduce ero—

siori by 50 percent. For this study , therefore, practice factors

were chosen to be 1.0 (i.e., no reduction) for all basins for whi ch

no successful erosion control practi ce was described or 0.5 (i.e.

50 percent reduction) where such practi ces are described in source

arti cles . Only three bas ins were gi ven the lower val ue of P while

twenty were given the hi gher val ue . 

-~~~~.-- - - -~~-.~~~- - - - -- -
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The sedi ment delivery rati o is a factor that represents the

fraction of soi l that enters stream channel based on distance of

tra vel and parti cl e size and texture . The MRI has developed a

sediment delivery graph in wh ich SD i~ a function of the reci procal

of drai nage density and soi l texture ’3. Soi l texture was generally

stated in source articles or found in descriptions of the basin

soi l in the Soil Series 1 ’~.

Drainage density , on the other hand , has not been recorded and

is very difficul t to determi ne from readily avai lable sources .

Drainage density 1s 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 kilome ter or squa re mile. The reciprocal of

the drainage density has the uni ts of square ki lometers of area

divided by kilometer of channel or simply kilometers .

While determining the area of a basin is reasonably easy,

accurate measurement of the channel length is not. A gi ven piece

of ground is covered with many different channels varying in size

from major ri vers 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 dens i ties were determined by measuring the

length of all stream channels (both intermittent and permanent) in

the basin and di vi ding by the area as measured by planimetr y . In

basins that were so stial l as to not have any channel shown on

1:24,000 maps , I determined the drainage density of the next l arger

basin of whi ch it was a subbasin and assigned that value to the sub-

basin. Several source arti cles did not gi ve sufficient info rmation

to locate basins exactly. In these cases an average of four or

more basins in the genera l area was assigned.

Val ues of SD were then found using the ~1RI graph , soil texture

and drainage density . These varied from .53 to .70. ~‘bst values

of SD were in the range of .56 ± .03 because most soils were pre-

dominantly silt. The one higher val ue of .70 was due to a di fference

in soil texture because drai nage density was roughly the same as in

other samples .

2. Modified Soil Loss Equati on

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

fore the modi fied version of the MRI equati on below .

v (s ) = 2242 • A ~ R •  K~ LS~ C~ P • SI)
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where : v(s) sediment loading of the basin , in kilograms

per year

A area of the basin , in hectares

IS = combined length-s lope factor, (dimensionless)

C area weig hted average cover factor,

(dimensionless )

All other terms are as before.

Usi ng this modi fied soi l loss equation and data developed from

source articles (see Table I), the annual load of sediment carried

into each of the streams was cal culated. These “predicted” va lues

are show n in Table II. -

B. Nut rients

1. MRI - Nutri ent Loading Functi o’is

The MRI nutri ent loading functions are based on the assunpti on

that total nutrient loads can be related to and predicted based on

sediment load as determi ned from the Iiniversa1 Soi l Loss Equation.

These loading functions are:’5

Y(NU) = 20 Y (S ) • CNU • r

wher2 : Y(N U) = nutri ent load in stream , in pounds/year

Y(S) = sediment load in stream , in tons/year

• - sca~~~-~~~~~~ — -—
~~~~~~~~—
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CNU concentration of nutri ent in soil , in percent

by weight

r enri chment ratio

- nutrients in eroded soil
— nutrients in uneroded soi l

4.0 for nitrogen , and 1.5 for phosphorus

These terms and modifications in the equations used for this

study are described below .

a. C — Nutr ient. Goncentrat ion in SoilNu

NITROGEN

Nitrogen concentrati ons in the basin soils (CM ) were determi ned

from a map in the MRI report’6 whi ch is based on the expression ’7

CN 
= 0.55e~~

OBT(l_e
_O OOSH)

where: CN 
= nitrogen content of the soi l in percent by weight

(Note in the ~~I report this term is called N1.)

P

(1 -

P = precipi tation , in mm/year

T = annual average temperature , in °C

RH = relati ve humi di ty , in percent

— - - — — — ________________—
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Svp~ satu ration vapor pressure at the temperature

above , in mm of mercury

— 2 36 0/ ( 2 7 3 + T ) ]

This equation was developed by Jenny in a paper published in

193018 . In this paper Jenny atterr~ts ~ associ at e the nitrogen

content of the soi l with th~ climati c vari ables of tempe rature and

a humi dity factor (the rati o of precipitation to evaporation ).

There are several obvious shortcomings in Jenny ’s methods that

make the general aoplication of his eq uation very questionable. He

bases all of his calculati ons on atmospheri c climati c observations

when he , in fact , admi ts that it is actually the soil climate that

would logi cally influence biochemical processes and , therefo re,
• soi l nitrogen levels. Probably the most salient shortcoming, how-

ever , is that Jenny ’ s equati on incl udes terms (K1 0.08 , K2 = 0.005

and C = 0.55) that are compos ite values of these same terms deter-

mained for several di fferent soi l types and in several different

climati c zones . His graphs show that these areas and soils obviously

have significantly diffe rent relationships of temperature and humi d—

ity factor to soi l 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 soi l nitrogen.

Of the CN val ues taken from the MRI map all but two were 0.15;

the others were 0.20 and 0.25. 

~~~~~- - — - _•~~~~~~~~~ s_ •—.~~~~~~~~
-?~~ _______________________ ______________________________
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PIIOS P11 OR US

The phosphorus concentrations of basin soils were determi ned

using a map in the MR( report ’9 wh i ch was taken from Parker , et.

al. ~ ° . This map gives percent o ’ P20r in the top foot of the soils

over the continental United States (C r
). The map appears in the

“Native Soi l Fertility ” section of the paper of Parker ? l  but no

reference is made of the original source of the data. The paper

does mention in the caine section . howeve r, that , “The fertil ity of

our soils is chang irig ”’’ . If this is true , it is logi cal to assume

that the map is somewha t inaccurate since it is based on measure-

ments made at least thirty years ago and that some of the soils may

have changed signifi cantly in phosphori c aci d (P205) conten t in

that time .

The MRI model also neg lects the augmentation of natural soil

phosphorus by fert i l izer appl icat ions . This neglect of fertiliza-

tion along with the use of thirty year old nature fertility data

makes the FIRI phosphorus predictions hi ghly suspect. These values

were corrected in the calculations so as to give phorphorus rather

than P205 content. Actual values of used varied from 0.07 to

0.20 with a median value of 0.15.

1’. — i•~’t 
t,f ~ ~) W~ ‘P1 1 / , 7  / I ’

This term represents the ratio of nutrient con tent 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 fi fty percent mo re phosphorus in

eroded soi l (presumably surface l ayers) than in uneroded soi l (lower

l ayers). The source of these rati os was not stated in the MRI re~

port , therefore I cannot coninent on their validi ty.

2. Modi fied Nutri ent Loa ding Functions

The nutri ent loading predi ctions for the s tudy basins were

cal cul ated based on the MRI equation usi ng the sedi ment loads cal-

cu l ated from the modi fied Universal Soil Loss Equation described

earlier.

Nitrogen Loading Function

Y(N) 89.7 • (A . R • K • LS • C • P • SD • CN)

where : Y(N) = nitrogen load in stream, in  ki lograms/year

CN = concentration of nitrogen in soil , in percent

by weight

All other terms are as previously described.

Phosphorus Loading Function

Y(P) = 14.7 • (A . R K • LS P • C • SD • C~) 

--•— --•-•.~~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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w h e r e : Y ( P )  = phosphorus load in stream , in kilograms/year

C~ concentration of P205 in soil , in percent

by weight

All other terms are as previous described.

Elsing these modified nutrient lodding functions and data from

source articles (Table I), the predicted annual load of nitrogen

and phosphorus in each stream was calculated. These val ues are

shown in Tables III and IV.

The loading functi ons of the Midwest Research Institute and

those modified for use in this stu dy are sumarized here for easier

reference .

LOADING FUNCTIONS

Fun ctions used by MRI:

Sediment: Nutrients :

Universal Soi l Loss Equation

Y(S)= ~[A 1 (R.K•L•S•C~P•SD) 1] Y(NU)=20 .Y(S) .C NU.r

Where ; Where ;

Y(S)=Sediment ( tons /year) Y(NU) Nutrient (lb/year)

Area of subarea i (acres) C~~=Nutri ent in soil

R=Rainfal l factor (% by wt)

K Soi 1 -erodibi 11 ty factor r=Enrlchment ratio

L=Slope-lengt h factor 4.O for nitrogen

S=Slope-steepness factor ~l.5 for phosphorus

, - •—
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C=Cover factor

P=Erosion control practi ce factor

SDCSedi ment delive ry rati o

Functions as modi fied for this stucy:

Sediment: Nutrients :

Y(S)=2242•A•R.K•LS•C•P.SD Y(N)=89. 7*ACR•KCLS•C•P•SD•CN

Where ; Where ;

Y(S)=Sediment (Kg/year Y(N)=Nitrogen (Kg/year)

A=Area of basin (hectares) CN-’Nitrogen in soi l (%

LS=Length-slope factor (a cont~i- by wt)

nati on of L & S above)
Y(P)~l4. 7-A•R•K•LS•C~P•SD•CAll other terms as above.
Where ;

Y(P)=Phosphorus (Kg/year)

C~,—P~O5 in soil (% by wt)

C. Some Measures of Sensiti vi ty

In this section the impact of each of the inputs on the load-

ing functi ons 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 functi on calcu lations . Errors in assigning val ues to the

- 

.-- i __ _ _  
__ —
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terms can be the result of:

(1) errors in physical measurements ;

(2) insuffi ci ent avai l able data necessitating the use of

approxi mati ons , 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 properti es ,

map location and inte rpolation; and

(5) natural changes in physi cal properti es.

1. A - Area of Basin

This , like 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 relati ve

magnitude and directi on in each of the loading functions . The

nature of this term is such , however , that di fferences between actual

area and that meas ured would be expected to be smell. In other

words , area is easy to measure with appropriate accuracy and there-

fore does not introduce si gnifi cant errors in the loadi ng functions.

2. R - Rainfal l Factor

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

the same magnitude and di rection as any difference between act.ual

- -~~~~~~- -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - •~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ - - ~~~~~~~~~~ I
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and measured val ues . 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 rainfal l contours or

ori ginal erro rs on the map . Since the MRI used the s ame map , pre-

s uiiably errors in it have been included , and compensated for , in

the model . Errors in fir~ding accurate rainfal l factor val ues are

therefore minimal .

3. K - Soi l Erodibility

Soil erodi bility is a linear input, that introduces linear

errors if not accurately eval uated. Howeve r, as discussed pre-.

viously, the soi l erodibility is a very difficul t term to deten~ri ne

accurately. Evidence of this is the fact that one soil series

(Cecil) has no less than four different K val ues in the Handbook23.

These val ues are signifi cantly di fferent within the possible range

of val ues of K. The range of possible val ues is limi ted, however,

but the val ue of K could be in error by a factor of from 10 to 20.

This term then has a signifi cant impact on loading functions and is

a l ikely source of sizable errors.

4. L - Slope-Length

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

linear. It is used wi th percent slope to enter a graph gi vi ng a

—5 --- --5—--- .~~ .•~~~~~ .~~ _.~~ .~~~~ I1. • -~~~~~~~ .~ - . , -~~~~~~
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combined LS term which is linear. Informati on on slope length was

not avai l able and , as di scussed previously, a l ength of 200 feet

was used in each case. This , of course , introduces errors inasmuch

as slope length is not everywhe re constant. Erro rs in L are prob-

ably not as large as K above , however. Bl ong and Ryde2 5
~ found in

New Zeal and 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 loadi ng func-

tions.

5. s — Slope Gradient

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

the LS factor in the loading functi ons. Errors in determining slope

should be small because it is a physi cal term that can be easi ly

measured on the ground or from a map. The only foreseeable errors

are in not measuring enough indi vidual slopes to accurately deter-

mine the mean slope for the basin.

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

however. At a constant slope length of 200 feet (as was used here 

--~~~~~~~~~~~~~~ ,~~~~~~ --5•—~~~~-- -— —
- 
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for all basins), a ten percent -increase in slope , from 11.5 to

12.65 , resul ted in a 14 percent increase in IS 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 functi ons in the same direction and relati ve magnitude as

errors in its own val ue . 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 di ffe rent

vegetati on types. Adequate des criptions were available for the

sites studied , therefore, erro rs in C shoul d be minimal in this

study.

7. P — Practi ce Factor

The practice factor, another li near term, was constrai ned by

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

method to accurately determine the actual effectiveness of erosion

control (the practi ce factor) is through fiel d tests and

5- —~~~~~~~~~~ 
- — - 
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experimentat i on. Had the fIRI not constrained P , its deter mination

would have been extremely di fficult. With P constrained however ,

in this model, the only sources of errors are inadequate descrip-

tion of e rosion contro l in the refe rences . 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 l oading function val ues

at the worst.

No range of measured practice factors is given here but

theoreti cally it could range from 1.0 as in most basins here, to

zero whici’ would indicate no actual sedi ment load from a basin. As

constraine d by the MRI , however , practi ce factor is relati vely easy

to determine and should not introduce more than modera te errors.

8. DO - Drainage Density

Drainage density is a nonlinear input used to determine sedi-

ment delivery ratio (SO), whi ch is linear in the loading functions .

As discussed earlier , drainage density was found using 1:24,000

topographic maps . This method certainly underestimates DD beca use

for the constant basin area only the l arger ri vers and streams were

measured. For a gi ven soil texture , however , changes in drainage

density made small changes in the SD. The exponent of DO in the

equation for SD for silty soils 25 is 0.1784. Therefore, the inpact

of a change in DD on SD and thus on the loadi ng functi ons is small.

—— —— — . -~~~.- • ___.. -
~5 .
__—
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In addition , more accurate (that is hi gher) DO val ues wi l l

cause loading predi ctions to increase. Since , as wil l  be seen later ,

all predi ctions are greater than measure d loads , the results of more

accura te drainage density determinations are less accura te nonpoint

load predi ctions anc~ a reduction of the utility of these loading

functions ciS predictive tools.

9. C~ - Nutrien t Concen t ration in Soi l

Nutrient concentrations are also linear terms in the loading

functions. The adeq uacy of the maps and methods used to draw them

(Jenny ; Parker , et. al.) have been discussed previously. The NR1

models are based on these maps howeve r 1 therefore, any errors in

the loading functions can cone from interpolati on or locati on of

basins accurately. Such errors should be minimal and loading func-

tions can be expected to be affected little by nutri ent concentra-

tion errors. 

- —~~—~~~~- - 5  ~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~~~~~~ - 5- - --~~~ -.— -
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IV. B.’\SIN DATA AND ANALYSIS

A. SedIment

Since the MRI model is based upon the ability of the Universal

Soil Loss Equation to predi ct the actual sediment load of a stream ,

I fi rs t compared meas ured wi th predicte d sediment loads . Data for

sediment loads was initially avai lable on only six streams and all

of thes e were in one are a of Iowa. Therefo re , three stre ams in

other areas were added where published sedi ment load data exi s ted

and where suffi cient information to apply the soil loss equati on

was available. Predicted and measure d sedi ment loads in ten-mis of

total load 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  a l l  but  one of the streams is below that predicted and in most

cases about one order of magnitude lower . A linea r regression line

(not strai ght on log paper) of actual agai nst predi cted sedi ment is

also shown. The slope of this line (.08) reflects the tendency of

the measure d sediment load to be about one-tenth of the predicted

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

sediment loa d agains t the log of the predi cted load and again indi-

cates that measured sedi ment is signifi cantly lo~- -~er than that pre-

di cted by the Unive rsal Soi l Loss Equati on.

- -.- - ~~~~~~~~~~~~~~~~~~~~~~~ —— — - • -~~~~~~-~~~~~~~~~~~~— -—— . -~~
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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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FIGITRE 3 — MEASURED VS L~RF.DICTE 1) AV E RAGE ANNUAL SEDIMENT LOAD
PER ILECTARE wL th arithmetic 1Lnt~ar regression .
(Wa tershed numbers printed near points on graph.)
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The me asured load and predi cted load per unit area are plotted

on Fiqure 3. Here the linear regression line is again below the

line for an exact correlation. Of signifi cance 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 concl usions mus t be

tentati ve , it appears that sedi ment load predicted by the Universal

Soil Loss Equation is too hig h. It may give an upper bound to actual

sediment loads . A majori ty of watersheds apparently have sediment

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

B. Nutri ents

1. Total Nutrient Loads

The MRI nutrient equations are intended to predi ct the total

amount of nutri ents contri bu ted to a stream on an annua l 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 Soi l

Loss Equation as the foundation of the nutrient models on the assump-

ti on that the majority of nutri ent load is associated with the sedi-

ment. For this study, data on total nutrient load is limi ted. In

fact, figures were found for only six streams giving total nitrogen

load and for only two streams for tota l phosphorus . In addition , all

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

:~~~~“~~~ _ ~~~~~~~~~~~~~~~~
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drawn from such data mus t be limi ted.

From the tab ulated data for total nitrogen (Table III) a graph

was drawn (Figure 4) showing predi cte d total ni trogen load agai nst

the measured total load. A linear regression was performed to find

the best straight line that could be fit to the points and the

linear correlati on. These are shown on the graph and indi cate that

the best fit line is al~~st hori zontal (that is , large intercept and

very shallow slope). This would mean that the actual total nitrogen

load is independent of predi cted load. The correlation of the points

to the line is only .41 , however , which indi cates 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 line on which the predicted total nitrogen

is ten times the measured total ni trogen. Such a line parallels the

dashed line 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 predi cti on. If this is , in fact, true for a great

many drainage basins , then the MR I equati on can be used to predi ct

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

addi tional work on this prospect may be warranted.

In addi tion to predi cted values , measured total nitrogen was

plotted agai nst area of the basin (Figure 5). The linear regression 

—------- --- - — ----~~~~~~~~- -  - - - -- - - --- - - --~~~~ -— - -~~~~~~~~~~~~~~~~~ - ~~~~~~~ -. - - - -—-- ---—
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TABLE 111 — PREDICTED & MEASURED TOTAL NITROGEN LOADS

Predicted Predic ted ?~eaauzed Hea~ut.dNitrogen Nitrogen Nttro~.ft Nitrog~i
Locatto, Area (Ha) N~~ (K g) N~~ (Kg IKe) (Xg) (XgFHa)

1. Cos ho cto n 123 14241.3 115.8
Ohio

17.6 1890 . 101.4

3 treynor 157.5 25893.2 164.4 p62.3 6.11
Iowa

4 33.6 7867.3 233 .1 122t.0 36.34

$ Mahan tango 771.3 15516.9 20.1
Pen~t.

6 Way~eavi11e 1.88 1764.8 938.7
N.C.

1.68 1339. 1 938.7

8 Treynor 30.0 740 - .6 246.9 1189.2 39.6
Io~.,a

9 33.6 7867.3 234.1 841.7 25.1

10 “ 43.3 1117.3 25.8 101.5 2.3

11. “ 60.8 6859.2 112.8 184.8 3.0

12 Cave Creak 655 19864.6 30.3
Ky.

Flat Creek 1459 70124.7 48.1
KY.

~4 
P1u~ Creak 8239 2271019.8 275.7

Ky.

is McCills Creek 554 162756.1 293.8
Ky.

16 West 3ays York 1935 158671.3 82.0
- Ky.

17 Ross Crack 544 17205.0 31.6
Ky.

18 gaS ton 3raaclt 200 8510.0 42.6
Ky .

19 Perry Cr~.k 446 17959.6 40.3
Ky .

20 Aurora 7.8 167.4 18.9
N .Y. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — — - - — -  — - - —  - -rn --~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ - —- - -— - - - - -  —- -~~~~~~
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TABLE IV — P REDLCT EO & MEASURE D TOTAL PHOSPHO RUS LOAD S

Predicted Predicted )~ aSu~~d Measured
Phosphoru s Phosphorus Pkosphorua P~osphocvs

Location Ares (Ha) p (Kg) P.~ (Kg/ Na) (Kg) (K~,}!a)

Coshocton 123 2332.2 19.0
Ohio

2 17.6 309.4 17.6

3 T~eyno~ 137.5 4469.7 26.7 70.40 0.45
Iowa

4 33.6 1287.8 38.3 32.49 0.967

5 Mahantango 771.3 1270.0 1.65
Pen n. -

6 Wayriesville 1.88 134.8 71.7
N.C.

7 1.48 106.1 71.7

8 Tr eynor 30.0 1212.5 40.4
Iowa

9 33.6 1287.8 38.3

10 43.3 182.9 4.2

11 60.8 1122.8 18.3

12 Cave Creek 655 4335.6 6.6
Ky.

13 Flat Creak 1459 15335.2 10.5
Ky.

14 P1~~ Creek 8239 421314.9 51.1
Ky. -

15 MeGills Creak 554 30194.2 54.5
Ky. -

16 West Zays Fork 1935 17313.5 8.9
KY. - . -

17 Ross Crack 544 1314.3 2.4
Ky.

18 Esitom Dreack 200 1393.0 7.0
Ky.

19 Perry Creek 446 1371.9 3.1
KY.

20 Aurora 7.8 1/ê.5 1.9
LY .

I
-. 

— —- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 1 ~~~~~~~~~~~~~~~~~~~
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FIGURE 4 - MEASURE D VS PREDI CTED AVER AGE ANNUAL TOTAL NITROGEN LOAD
with ari thmetic linear regression.
(Water5hed numbers printed near points on graph.)
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FIGURE 5 -. MEA SURED AVERAGE ANNUAL TOTAL NITROGEN LOAD VS AREA
with ari thuietic linear regression.
(Watershed numbers prin ted near points on graph.)
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is shown , but correlation is very poor. For this reason a relation

c-f total nitrogen to area was not pursued further. As will be seen

later , there is a relation of sol uble nitrogen to area but no such

dependence is seen for total ni trogen.

As was mentioned only two drainage basins in this report give

data on tota l phosphorus load. Because of the lack of data no

analysis was done for total phosphorus . For the two available

points the ~-1RI equation predi cts 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 p01-

l ution problems . Most algae use nutrients in the sol uble form bei ng

for the most part unable to take them di rectly from the sediment.

The only importan ce of the nutri ents in the sediment is that they

can act as a reservoi r to resupply those in solution . Since it is

doubtful that sediment bound nutri ents would increase the concen-

tration of those in sol ution but would rather buffer any decreasing

trend they are of less i mmediate concern. The second reason for

concentrating on sol uble nutri ent loads -is that it is these on whi ch

I have been able to collect the vast majori ty of data. Of the 23

drainage basins in source articles , 19 have soluble nitrogen data 

~~~~~

- 1~~~~ -
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and 16 have soluble phosphorus data.

a. F02rn ’s of .~~~!.u~lle ~~~~~~~y~’ :

Early in the study I found that all of the source articles pre-

senting nitroqen data reported it as soluble nitrate (N03 ) nitrogen

and mos t also reported total soluble nitrogen . Since the MRI model

does not di fferentiate between the fo rms of nitrogen it was necessary

to determi ne if data could be generated for all streams in terms of

total sol uble nitrogen.

To do this I calculate d the ratio of total sol uble ni trogen to

soluble nitrate (actually N03 + N02 ) nitrogen for the eleven

streams for which data was avafl -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 ~ias calculated and

this rati o was used to find the total sol uble nitrogen load for the

stre ams reporting only nitrate load, toads so calculated are m di -

cated on Table V.

As a matter of interes t similar calculati ons wi~re made compar-

ing rati os of total nitrogen to total soluble nitrogen . The results

shown on Fi gure 7 are inconclus i ve , however.
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FI GURE 7 — RATIO OF TOTAL NITROGE N TO SOLUBLE NITROGEN
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I t 1 ~ 0 ? ~ Z o Li~~r-~_ )~~1’

For the remainder of this essay I will discuss nitrogen and

phos phorus together as the analysis and resul ts were simi lar. The

data points of measured soluble nitrogen and phosphorus were plotted

against the total pre di cted loads of these nutrients . These plots

are on Fi gures 8 and 9 and both show two linear regression lines .

The first line is the best fit strai ght line (not straight here

because log 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 ri ght-hand side of the equations for each

line is printed near it on these and all other graphs wi th the simple

linear correlation (r) which is a measure of how well the data point

distri b ution is represented by the regression line.

The linear regression line of measured to predi cted data woul d

have a slope of unity , a zero intercept and an exact positive corre-

lati on (r = 1.0) if the model predi cts the exact nutrient val ue that

is measured. The accuracy of the model and its utility can be judged

by the closeness of the actual linear regression to that of a perfect

predi ctor des cri bed above. The slope parameter may be relaxed and a

good predicti ve tool still be shown if the other two parameters are

close to ideal. The various models and prospecti ve prediction terms

in this study are all eval uated based on these cri teria. Correla-

tion must be relati vely high and positive , the intercept should be

~fIIIII,•,•__ - - _ _
~~~~~ — ~~~~~~~~ _~__~___ ~~ _ • ~~~~ 

-
~ ~~~~~~~~~~~ 

.~~ — - I - _~~_~_ ___________
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TAB L E V — MEASURE D AVERAGE ANNIrAL SOLUBLE NITROGEN & NO
3 —N LOADS

Me isurad ~~r~~i ~~urad ~ eas ure d
3o1~L~~ 4 3 u ~~~.e S~ 1USLa SQ1~ bLe

~Ltr o ~e~ Nitr o Ren NO3 !. N

Lo ca to Araa (Ri) (~~ ) _ �~cL~i ._.... Q~1 ~~~~~~~~~~~~~

3. C~~~ uc~~~ 123 607.9 4.94 400.37 3.26
O~iio

2 17.6 43.1 2.45 13.19 1.03

3 Treynor 157.5 286 ,7 1.82 133.83 0.85
Io~Ja

4 33.6 104.8 3.l2 
- 

69.55 2.07

~ 
ha~ ra~~~ 771.3

6 w s ~.-fii~ 1.83 6.1,7 3.28 4.43 2.36
- -

- 1.48 17.88 12.08 15.30 10.34

8 Treynor 30.0 9.1.3 3.05 50.70 1.69
70-2.

9 33.6 63.5 1.89 32.59 - 0.97

10 43.3 49.5 1.14 32.91 - 0.76 ‘

11 ‘~ 60.8 25.5 0.42 10.91 0.18

12 CaVe Cra 655 23359.4* 36.43* 13479.9 20.58

13 flat Cra&t 1459 1.5861.0* 10.87* 
- 

8961.0 ‘6.14 
- —

~4 
P1*~ Creek 8239 110002.3* 13.35* 62148.2 7.54

Ty.

~~ 
McCiUe Creek 354 4482.5* 8.09* 2532.5 

- 
4.37

7~y.

16 Wsst 8ay3 :o~~ 1935 19934.6* 10.3O~~ U262.5 5.82
1(y.

17 Ross Crack 544 14603.0* 26.83* 8250.3 
- - 

3.5.17
Ky.

18 ~Ie1ton 3raa-~1t 200 5j4~7* 2.57* 290.8 1.45
Ky .

19 Perry Creek 446 3456.3* 7,75* 1952.7 4.38
Ky .

20 Aurora 7.8 31.7 4.06 27.63 3.~ 4
N.Y. -

* Calculated baeed on avera ge ra tio o~ Total N / N0 N —1 77

- —i —- —~~~~~~~~~~~~~~~ —--- -- — — — — - w____ -~~~~~~~ ~~~~~~
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TABLE VI — MEASURE D AVERAG E ANNUAL SOLUBLE PHOSPHORU S LOADS

fleacured Measur ed
Solubl e Soluble

- - Phosphorus Phosph orus
Lo ca rion A res (Ita) ~ (K~)___ ~~~~~~~~~~~~

1 Cosho ~ co~t 123 6.863 0.056
Ohio

2 17.6 0.836 0 .048

3 Trey nor 157.5 36.94 0.235
lava

4 33.6 5.81. 0.173

5 Mahantango 771.3 75.60 0.098
Peun .

6 Waynesville 1.88 0.28 0.149
C.

7 •
~ 1.48 0.40 0.270

8 Trey -nor 30.0
Iowa

9 33.6

10 433

11 60.8

iz Cave Creek 655 766.4 1.170
Ky.

13 Flat Creek 1459 315.5 0.216
Ky .

14 Piu~ Creek 8239 3166.1 0.384
Ky . 

-

15 McCjlls Creek 554 47.9 0.086
Ky.

16 West Bays Fork 1933 116.4 0.060
Ky .

17 Rosa Creak 344 48.2 0.089
Ky.

18 Heiton Branch 200 — 8.87 0.044
Ky .

19 Perry Creek 446 48.47 0.109
Ky .

20 Au rora 7.8 1.49 0.191
N.Y. -

~

---

~

- - — - - - -  - - _ -~~~~~~~~“J--- ~~~~~~ - - ~~~~~~~



—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —-- ---------------- ------- --- - - --— --- ---

- 4 6 -

FIGURE 9 — MEASURED AVERAGE ANNUAL SOLUBLE PHOSPHORU S VS PREDICTED
TOTAL PHOSPHORUS LOAD with arithmetic linear regressions .
(Watershed n umbers p r inted  near points on g raph. )
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relati vely close to a zero va l ue . The slope should be near unity

for the model to be predictive as it appears , however if the other

cri teri a are good , the addition of a coefficient to the predi ctive

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 predi ctors of sol ubl e

nutrient load. 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 vari able has a val ue of approxi mately lO~.

These lines in no way come close to the majori ty of points , espec-

ially on the lower end of the range.

1 suspected that the one large bas in represented by the extreme

point on the graph was dominating the characteristi cs 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 omi tting the extreme

point , but the correlations were reduced sharply.

~~. Th~
-pa~~t of the Tern~ in the MRI f t~ deZ

A study of the vari ability of the indi vidual tenns in the MRI

mode l arid the vari ables influencing these terms indi cated that it

— — —--- -- — - - — - —  —---~~----- ----~ —- —-- —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ———--—---- -—-—-- -~~~
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was p o ss ib l e  that even thoug h 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

therefo re useful as predictive tools.

The l arge range of drainage area here made it extremely unlikely

that any term would be a useful predi ctor of soluble nutrient load

if i t  were used independent of draina g e area. For this reason all

terms analyzed for predi ctive properties we re either used in conti-

nation with drainage area to test for total sol uble load predicti on,

or used independent of area to test for soluble load per unit area.

The variables and continatioris of variables tested along with their

slopes , intercepts and simple linear correlati ons are sunmari zed in

Tables VII and VIII. All sets of vari ables that incl ude drainage

area have high correlations wi th meas ured loads of soluble nutrients .

When area is omi tted , 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 negati ve.

The nctable excepti on to the above is the sediment delivery (SD)

vari able which has a hi gh 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 conbi-

nation of area and sedi ment delivery ratio (A x SD) as predi ctive

tools. Also included was the coritination of area and drainage

_ _ _ _ _ _ _ _ _ _  --~~~- ~~~--~~ - -  - - -- - - --~~ ----
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TABLE VII  — SEDIMENT & NITROGEN ARIT’HNETIC LINEAR REGRESSIONS &
CORRELATiONS

z~:ozPE~oE:~r 0ZPE~W~~T L1t~EA~ REcREssl~ : & C0~RELATIO:1VARIA BLE VS VARIABLE SLOPE I~IERCEPT CORRELATION

Pro 1T N7 .0240 521.3. .4135

Area ‘ .2522 735.0 
- 

.0252

Area N5 13.26 13.66 .9849

Area No; Ns 7.461 62.43 .9846

Pre Ns .0473 3241. .9625

Pro NO; N5 .0267 1726. .9625

DD x Area N~ 4.635 1201. .9836

SO x A m a  22.60 104.1 .9878

C x Area 36.64 2O~9. .9751.

LS :c Araa 7.834 —8.038 .9483

S x Azaa ‘ 1.703 —215.5 .9576

R ~ Ars a .0667 580.5 .971.1

x 42.73 1427. •~ 753

Pr. Nj3a N5/80 .0037 8.882 —.1074

DO 3.461 —3.925 .3015

SD 201.6 —107.7 
- 

.7961

C “ —12 56 11 06 — 2097

LS — .1653 8.694 —.0931

S 
- —.1530 9.916 — .1687

R “ .0687 —4 .73 7 .2863.

K —30.45 16.69 —. 3429

Pr. Sad Sad .0794 574305 .7~99

Pra SadI~~ -i S.d/Ha .8750 -.7283 .7508

-1 — _-~~~_~~~~ -



- ~~~~~~~~~~~~~~~~~~~~~~~

- 50 -

TABLE VIII — PHOSPHORU S ARITIThIETIC LINEAR REGRESSIONS & CORRELATIONS

INDEPENDENT DEPENDENT LINEAR REGRESSION & CORRELATION
VARIABLE VS VAR IABLE SLO PE INTERCEPT CORRELATION

Area .3718 — 28.06 .9503

Pre. P.~ .0074 59.60 .9694

DO x Area .1327 — 26.68 .9729

SD x Area .6426 —64.60 .9662

C x Area 1.040 11.49 .9602

LS x Area .2210 —57.61 .9216

S x Area .0479 —64.76 .9249

~ Area .0019 —41.72 .9417

~ x Area 1.231. —11.69 .9740

Pro P7flIa ~s/ua 
— .0002 .2160 -.0197

DO — .0204 .2523 — .0326

SD 6.453 —3.536 .8486

C “ — .0697 .2245 — .0314

LS “ — .0130 .3024 — .2682

S “ — .0037 .2561. —.3.510

& 
SI .0008 .0941 .1244

K — .1831 .2584 — .0798 

—- -—-- - 
-- — --—--i- -

-- —---



- - -

- 51 -

density (A x DO) as this combination has especially high correla-

tion to soluble loads and because drainage density and sediment

delivery ratio on a gi ven watershed are hig hly correlated.

(1) Area

The relationship between area and sol uble nutrient loads is

shown on Fi gures 10 and 11 . The nutrient load inc reases with in-

creasing area. Currelations are high between area and sol uble load

and generally the slopes of the regression lines quickly overcome

the intercept value and closely follow most data points . When the

extre me point is neglected on each graph the correlation is poorer,

althoug h still high es pecially for nitrogen. —

(2) Area x Sediment Delive ry

The re la t ionship between the product of area time s sediment

delivery and sol uble nutri ent loads are show n on Fi gures 12 and 13.

For the nitrogen graph the regression line fi ts the data very wel l,

has a high correl ati on , and is hardly changed when the extreme point

is neglected. The phosphorus plot is much less satisfying, however.

The linear regression line has a rel ati vely large negati ve intercept.

Also the omission of the extreme point greatly changes the slope of

the line and reduces the correlati on.

In order to exami ne the relati on of sediment delivery ratio to

nutrient loa ds more closely , plots were mad e of the sediment delivery

agains t the soluble nutrient load per unit area. These are shown on

- - - —~ - - .: ~~~~~~~~~
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FIGURE 10 - MEASURED AVERAGE ANNUAL SOLUBLE NITROGEN VS AREA
with arithmetic linear regressions .
(Watershed numbers printed near points on graph.)
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FIGURE 11 — MEASURED AVERAG E ANNUAL SOLUBLE PHOSPHORUS VS AREA
with arithmetic linear regressions.
(Watershed numbers p r in ted  near points on g raph .)
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FIGURE 12 - MEASURED AVERAGE ANN UAL SOLUBLE NITROGEN VS
AREA x SEDIMENT DELIVERY w i t h  a r i thmet ic  linear
regress ions .
(Watershed numbers pr int ed  near points on graph . )
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FiGURE 13 — ~IEASIJRED AVERAGE ANNUAL SOLUBLE PHOSPHORUS VS
AREA x SEDIMENT DELIVERY with arithmetic linear
regres’Uons.
(Watershed numbers pr inted near points on graph.)
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FIGURE 14 — MEASURED AVERAG E ANNUAL SOLUBLE NITROGEN PER HECTARE
VS SEDIMENT DELIVERY with ari thmetic linear regressions.
(Watershed numbers pr inted near points on graph.)
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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.)

1 2  - — 
—-- 

-
- —

-  -

1.1 
TIIT~~1T TT.T 

~

1.0 
- 

—  

~~~~~~~ -

0.9 -T T~~~ -- -_ 

— 
~i_ ~~~~_

-- -.- -- -- -

-.. o.8 _ ___ _ _ _ _ _ _ _ _ _ _ ___ _ - - -  — a  -

L E ~~~IE’~ ~~~~~  
~~~~~~~~~~~~ -

, _ _ ..

_ _ _  _ _ _ _  

-

0.6
~~~~~~~~~~~~~~~~~~

-

.~ ~~~~~~~T 4_ ~~
1
~~~~~~ ~~~~~~~ 

_ _ _ _  - - - - 

~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~ T T i ~iT~~~~~F ~1~~~~~i T T ~~~
— ---r- -— - 1 — -

0.3 _ _ _ _ _ _ _  - ‘~~~ 
_

~~~ —— ?Ot1~ 
T~T~~

_ _ _  

20

0.1

SedIment De1ive~7

~

—.

~

.—-—.—

~

- - -
- - -- ~~~~~~~~~~~~ --~~;~~~~~_----~



F.— 
- - ——- —-- -- -- -- -— -- — ----—----- --- - - --- - ----- -------- - - - - - - - --- - - - - — - - -  - - -  — - . - -—------- - ----- -

~~~~~~~~~~

- 5 8 -

Figures 14 and 15. From these graphs it CJn 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 jt.~~si~~ lines change abruptly.

The r~~der may remember from t.he earl i or di scu~ si on of the

sediment delive ry that mos t values were near .56 but that one was

.70 as the result of different soil texture. Thi s one valu~’ corres-

ponds to the extreme point on these graphs and is almost enti rely

responsible for any correlation between sedi ment delivery and soluble

nutrient load. The signifi cance seems t.o be that soil texture may

dominate the val th ’  of ~edinien t del i very and correlate closely to

soluble nutrient load. It is also possible, 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) 1~rca x Drainage f~nsity

The plot of the product  o~ area times dra i nage density agains t

soluble nutrient loads are on Figures 16 and 17. Here dS with the

sediment del ivery graphs the nitrogen load seen~ to have a more evi-

dent relationship to the area time s drainage density product. Again ,

however, excl usi on of the extreme point markedly reduces the corre-

1 ati on w i t h  phosphorus load.

Plots of drainag e density again st nutrient loads per u n i t  area 

—-- -  —--——~~~~~~~~~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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FIGURE 16 — MEASURE D AVERAGE ANNUAL SOLUBLE NITROGEN VS
AREA x DRAINAGE DENSITY with a r i t h m e t i c  l inear
regress ions .
(Watershed numbers p r in t ed  near po in ts  on g raph . )
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FIGURE 17 — MEASURED AVERAGE ANNUAL SOLUBLE PHOSP HORU S VS
AREA x DRAINAGE DENSITY with arithmetic linear
regressio ns.
(Watershed numbers pt~inted near points on graph . )
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(Fi9ures 18 and 19) show very small corre lations and the regression

lines are almos t horizontal which indi cates that uni t are a loads

seem to be independent of drainage density .

d. The inrportcznce of Area

The concl usion that I have drawn from the preceding analysis is

that one term in the MRI model alone is related to the soluble

nutrient load of a stream. This is the drainage area of the basin.

All the other variables appear simply to add noise. There may be

some relation of sedi ment delivery to load but it is rel ated to

soi l texture rather than drainage density . The remainder of the

s tudy, then is concerned with the relation of basin are a to sol uble

nutri ent load ar~d an attemp t to devise some method for predi cting

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 deri ved by taking linea r reg ressions of the log of the

dependent va ri able against the log of the independent vari able.

Such calcul ations have been made and the resul ts shown in Table IX.

These equations show very similar exponents within the two diffe rent

nutrients and es pecially close val ues for the three eq uations invol v-

ing either are a alone or area multiplied by a second term such as 
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TABLE IX — SELECTED NITROGEN MD PHOSPHORU S LOGARI T H1~ff C LINEAR
REGRESSiONS AND CORRELATIONS

Nitrog en Phosp horus

— .01 ( N~~ ) 1.14 
~—.83 P S 

= .10 ( P~~ 
) .7 1  77

Ns = 1.78  ( A ) l.21 
~~~94 

~s 
= .51 ( A ~~.88

Ns = 3. 14 ( A x SD ) L23 
P
~ 

= .72 ( A x SD ) .82
r .95 r= .89

Ns = .66 ( A x DD ) i.22 
‘~s 

.25 ( .A x DD ) 81
r .96 r .88 
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sed iment delivery. The implication is that area dominates the

relationships and supports that concl usion made earlier based on

ari thmetic rather than loga rithmi c plots and regressions . No

attempt is made here to develop any relationship of area to nutri ent

load that involves exponential va lues . While s uch a relationship

may exist , I cannot envision a set of processes that might produce

it and woul d want much more data before suggesting s uch a dependency.

e. The Distribution of Soluble Nutrient Loads per Unit Area

The first step in my investigati on of the distribution of

__—soluble nutri ent loads per unit area was to see i-f there was a con-
—

necti on 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 val ue of the rati o of the nutri ent loads varied from a low of

7.7 to a high of 301.7. There appeared to be no observable consis-

tency to the rati o , there fore there was assume d to be no connection

between unit are a loads of the two nutrients studied.

The bar graphs of unit are a loads of nitrogen and phosphorus

shown on Figures 21 and 22 seem to show a cornnon range of s uch val ues.

The frequency distri buti on of the unit area loads are shown on

Figures 23 and 24. On these graphs an X indicates one occurrence of

— —  
~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 

— —  p——~~~~ ~~~— -, - -~~~~~~~



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- - -  - -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-- -- — - — ---- — - -- -
~~~~~
-

— 66 —

‘H
‘2~4 

iJO~(C ISOItJ

f~ -. 0 c-n P.. W -I lv --I

— — — .- — a 0 C, C~ a

- = - ~~=~
_ f~~~~

__C L _
~~~_ i . ~ _____

~~~~
±- - - - ---- ------

~
-----*--—— -—

~
------±-----

~~
-----

~
--- --4—- i

T :::: L~~T ~~~~~~~~~~~~~~~~ = :LH~~~ -~~~~~~~~- 
- 

- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ t~~~ V~~~~~~±~

lv 
~~~~~~~

— - --- —--— --— —-------— ---4-—— !——--—--4—----’---—- - - -——
~~

———- - --— -— - 
-—~~~——~~~~~~~~~~~~~ -- 

~ 
-r ~~ _ _ _ _ _ _ _ _ _ _

~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~ -___________

2 - -- 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

_____L
~~~~~~~~~

: ~~~~~~~~~~~
_ _ _ _ _ _ _ _ _  

—- 
~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ — 

_ _ _ _ _ _ _ _ _

- — — ~~~t0. - — _ _ 4J._ — — 
___ 

-

E-. -__
~~
_—  _~~~~- _-_ —__--- --.- — _ L _ - ~ _—~

-_ _-iI— —~~~~~~
--- - - - -— —. — - —,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-~~~~~~~~~~~~,~~~~ 7,Qy~////4

- —  _t
~~

-_---—_ — • - _
~~

_____
~

_ _  
-

~~~~~~~~~~~~~~~~~~~~~~~~ ~~ —~~-EL 
-—-~~~F - ) .~ 

~ ~,‘/~7~~~~’/////Ø /Z’7 ,~//á27Z’

_ _  

_ _  

_ _ _
_ _  

H—~~~~~- F —r ----~~— -r -  ~~~~

- .~~ H=T=-~~ i_- - ~~

-

~~~~~
-- --  -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~

_ _  
_

C.

~~~~~~~~~~~~~~~~~ ~~~~~~

- 
_ _ _  _ _ _ _  

-

~

U
~~~~Oi)!N n

C.,



~~~~~~~-- - - - - -~~~~~~~~ ------ -~ - - -~~~-- - - -  - - - -
-
-

---- - - —-- - -----

- 6 7 --

FIGURE 21 — SOLUBLE NITROGEN LOADS
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~ICURE 22 — SOLUBLE PHOSPHORUS LOADS
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FIGURE 23 — DISTRIBUTION OF SOLUBLE NITROGEN LOADS
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a load wi thin the range shown. Both of these distributions show a

sharp increase to a peak near the ori gin and a less sharp decline

tailing down to very few points at higher ranges of unit are a load.

Such a distri buti on is characteristic of a set of values the

logari thms of whi ch are normally distributed . Based on this obser-

va tion I assu med the distributi on of the logari thms to be normal and

cal culated 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-

ri thmi c axis wi th the actual occurrences of load logari thms indi cated.

The reader may judge for himself if th i s  is , in  fact , a normal dis—

tr ibution . The observation that the mean logari thm corresponds to

the median load s upports this conclus ion, however. Admittedly, more

data would be helpful . The lower curve is the same distribution on

an arithmeti c scale for reference only.

Figures 27 and 28 are the soluble nutrient load vers us area

plots of points , but wi th lines drawn representing the mean and pl us

and minus one standard devi ation o-f the log of load per unit area

times the area. As can be seen these lines bound a rather wel l de—

fined range of val ues that could be used to esti mate expected nutrient

load for any gi ven watershed for which the are a is known.

To the degree that the stat is t i cs of th is  rather l imi ted sample

represent the distributi on of nutrient loads in all streams they can

— _______________________________________________________________________________
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FIGURE 27 — MEASURED AVERAGE ANNUAL SOLUBLE NITROGEN VS AREA
w ith  mean and ± 1 standard deviation of the logs
of the loads.
(Wa tershed numbers printed near points on graph .)
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FIGURE 28 - MEASURE D AVERAGE ANNUAL SOLUBLE PHOSPHORUS VS AREA
with mean and ± 1 standard deviation of the logs
of the loads .
(Waters hed numbers print ed near points on graph.)
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be used to calculate the probability that actual load per uni t area

of any stream will not exceed a given value . Such probabilities and

associ ated unit loading rates have been calcul ated and are show n in

Table X. Lines representing these loads and probabiliti es are also

plotted on area and nutrient load graphs (Figures 29 and 30).

The net resul t is that if these normal distributions of loga—

rithrns are indeed real the planner may choose a val ue of nutrient

load and find the probability that the actual val ue will not exceed

it or conversely choose a probability and fi nd the load that will

give him that deg ree of assurance of not being exceeded. For

example , if the planner wants to be 90 percent s ure that the non-

point pollution of nutrients he predicts will not be exceeded he

woul d predi ct 19.5 Kg/Ha of nitrogen and .42 Kg/Ha of phosphorus.

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

~IIL~ 
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TABLE X — PROBABILITIES AND LOADING RATES

Probability of not Loading Rate
exceeding s tated
loading rate Kg N/Ha Kg P/Ha

.1 1.2 .05

.2 1.9 .07

.3 2 .7 .09

.4 3.6 .11

.5 4.7 .14

.6 6.3 .17

.7 8.4  .21

.8 12.0 .29

.9 19.5 .42

.95 29.0 .57
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FIGURE 29 — SOLUBLE NITROGEN VS ARE A ~-/XTH 1’1~OBPJj1LIT1ES
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FIGURE 30 — SOLUBLE PHOSPHORUS VS ARE A WITH PROBABILITIES
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V. DISCUSSION AND CONCL USIONS

A. Universal Soi l Loss Equation

There is too little data in this study for any hard concl usions

to be drawn regardi ng the accuracy of the soil loss equation . There

does seem to be a pattern of sediment load val ues that are generally

one-tenth of that predicted by the equation however, wi th a smaller

number of values very close to predi ctions. More data are needed

to gi ve a true test of the val ue of the soil loss equation for the

predi ction of sedi ment loads for watersheds.

B. Total Nutrient Load Predi ction

While data is limi ted , the MRI model generally over—predi cts

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 predicti on is a result of over—predi ction of annual sediment

load by the Universal Soi l Loss Equation since the magnitude of the

difference between actual and predi cted val ues are the same for both.

Agai n these concl usions are limi ted. Confi rmation requires more data

than are reported here.

C. Rati o of Nitrate to Total Ni trogen in Soluti on

The ratio of nitrate nitrogen to total nitrogen in soluti on was 

- 
_ _ _
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almos t constant for all streams for which I was able to obtain data .

This leads to the concl usion that , in general , this rati o is con-

stant and of total nitrogen in solution a fixed fracti on can be

expected to be in the oxi di zed form (nitrate) and a fixed fraction

will also be in the reduced form (mostly amonia). The fraction of

nitrate is generally .56 while .44 of the nitrogen is in re1uced

forms. This concl usi on is reinforced by the fact that linea r regres-

sions of sol uble nitrate nitrogen agains t area and against predicted

total nitrogen (Table VII) had just over one-hal f the slope of simi—

lar regressions of total soluble ni trogen agai nst these same two

independent variables . The correlations of nitrate plots were for

all practi cal purpos es identi cal to those of total soluble nitrogen

all of whi ch woul d be expected if the fraction of nitrate were

constant.

D. The MRI as a Sol uble 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

correlati on of predi cted load to actual load but upon analysis this —

was determined to be almost enti rely due to the area term in the 
—

model. Thus the model does not appear to predi ct soluble nutrient

load and most of the terms in the model are little more than random

vari ables havi ng no impact on prediction success. With the excep-

tion of dra ina ge area , the only term that may be useful to study 

--- - - - ~~~~~~~~~~~ —_ ~~~~~~~~~~~~~ - - - - - -_- -~~~~~ --- -- -—-- -_ _  _ _
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further is sediment del i very ratio and then only as soi l texture

affects it.

E. Nutrient Loads on a Per Area Basis

From this study it appears that the logari thms of the sol uble

nutri ent loads per unit area are normal ly distributed. There are

probably some factors , sets of factors , or processes that determine

where in the distri bution the loads for any one stream will fal l ,

but these controlling factors are not evident in this study. Not

knowing the factors that infl uence load values , the best we can

presently do is to describe the distribution of val ues and calcul ate

the probability of not exceeding, or falling below , any gi ven val ue

of the soluble nutrient load.

This is an area where fur ther study an d work may produce very

useful resul ts. More data should be gathered to determine wi th more

certainty if the distributi on of unit area loads are as described

here and the statisti cs then recalculated based upon the largest

sanple possible.

~_1
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