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DISCLAIMER

The information presented in this report is an integration of the data from several projects

conducted as a part of the efforts of the International Reference Group on Great Lakes Pollution

from Land Use Activities (PLUARG), an organization of the International Joint Commission,

established under the Canada-U.S. Great Lakes Water Quality Agreement of 1972. The

conclusions are the responsibility of the authors and not of those responsible for the individual

projects. The results and conclusions do not necessarily reflect the views of the Reference Group

or its recommendations to the Commission.
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1.0    SUMMARY

This report describes the results of several integrated projects designed to further our
understanding of the sources and magnitude of fluvial sediment derived from agricultural lands and
delivered to the Canadian Great Lakes. Agricultural regions with high potential sheet eros ion
losses were intensively farmed with high percentages of row crops (beans, corn, horticultural
crops). Rainfall induced soil erosion losses showed considerable year to year variations and are
not equally distributed throughout any given year. Winter soil erosion losses associated with
snowmelt events can account for up to 25% of the total annual soil loss.

Suspended sediment yields for agricultural regions in southern Ontario ranged from <100
kg/ha/yr to 1000 kg/ha/yr.In these agricultural regions,  cropland is the dominant (70-100%) source
of fluvial sediments with streambank and channel erosion representing a minor (0-30%) source.
Suspended sediments originating from agricultural land are predominantly (75%) transported in the
months of February, March and April.

A suspended sediment delivery ratio curve developed for Canadian agricultural watersheds
was lower (=10%) than a similar curve developed by the Soil Consenvation Service in the
U.S.A.Delivery ratios were also  computed on a monthly basis with delivery ratios in excess of
100% in the spring months and below 5% in the summer months.

Three prediction models have been used (with some success) to estimate stream sediment
loads in agricultural watersheds. A regression Model (R2 = 0.71) has been established to predict
stream sediment loads in agricultural watersheds where the % row crops and % clay in the soil
surface are known.

Active sediment contributing areas in the agricultural watersheds studied have been found
to be dynamic and represent <15% of the total watershed area. Maximum sediment contributing
areas have been observed in the late winter and spring months.

The use of simulation techniques to assess the utility of several remedial measures to
reduce soil erosion have revealed that potential soil loss reductions of up to 75% can be achieved
with conservation measures applied to sediment source areas.
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Extrapolation of sediment loading rates from the representative agricultural regions of
southern Ontario to all agricultural land in southern Ontario gives an average annual agricultural
loading rate of 215 kg/ha/yr.
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2.0    INTRODUCTION TO REPORT

This final report combines the results of the following study projects undertaken under
PLUARG Task Group C (Canadian Section) - Activity 1:

Project 16: Erosional losses from agricultural lands;

Project 17: Sediment delivery ratios in small agricultural watershed; and Integration of
studies dealing with or related to agriculturally derived sediments in the
Canadian Great Lakes Drainage Basin (Projects #2A, 6A, 7, 15, 16, 17 and
Task C Activity 6) .

The aim of the integrated research projects has been to develop a capacity for predicting
the source and magnitude of sediment derived from agricultural lands and delivered to the
Canadian Great Lakes.

The approach adopted for the broad problem of predicting the surface movement of
pollutants from agricultural lands has involved five main stages. These include:

(i) development of conceptual deterministic models of soil erosion and sediment
transport from source to stream;

(ii) testing, verification and improvement of the conceptual models with detailed data
collected from a limited number of agricultural watersheds;

(iii) testing of the spatial extrapolation capability of the models with monitored data
collected from other IJC selected basins;

(iv) testing of the temporal extrapolation capability of the models by comparing the
sampled period of record (ie. 2 years) with a longer history of flows and extreme
situations; and

(v) integration of results generated from other PLUARG studies relating to erosion and
sedimentation.
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The data base for the studies has been that established for the agricultural watershed
projects regarding the Canadian portion of the Great Lakes Basin. Eleven representative
agricultural watersheds in Southern Ontario were included in the Preliminary Monitoring
Programme, Phase I (Agricultural Watershed Study, Task C - Canadian Section, 1974-1975 and
1975-1976). Six of the eleven watersheds were included in the Detailed Studies, Phase II
(Agricultural Watershed Studies, Great Lakes Drainage Basin, Canada, Detailed Study Plan,
1975-1976; October 1975).

Frank and Ripley (1977) have described the location and land use activities in these
representative agricultural watersheds.
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3.0     POTENTIAL SOIL EROSION LOSSES FROM AGRICULTURAL LAND

3.1 Introduction 

The study objectives of this chapter regard soil erosion in agricultural watersheds in
Southern Ontario and are as follows:

- to describe spatial and temporal aspects of soil erosion processes for agricultural
lands in Southern Ontario, and

- to identify the effects of agricultural land use on erosion losses.

The study approach has involved the use of the Universal Soil Loss Equation to compute:

- average annual potential soil erosion losses for the ll agricultural watersheds that
represent the major agricultural regions of Southern Ontario;

- monthly, seasonal and annual soil losses for the year 1976 for 6 detailed studied
watersheds (AG-1, AG-3, AG-4, AG-5, AG-10, AG-13); and

- monthly distribution of 1976 rainfall "R" values for comparison to longterm average
annual erosion values.

Soil erosion information presented in this Chapter has also been used in Chapter 5 for
delivery ratio computations, in Chapter 6 for sediment load predictions and in Chapter 7 for
extrapolation purposes.

3.2 Data Collection Methods 

On the basis of soil material, physiography, climate and predominant livestock and
cropping-management systems, Coote et al. (1974) identified major agricultural regions within the
Canadian Great Lakes Basin (Southern Ontario) and selected watersheds (19-54 km2)
representative of each region. The agricultural regions and representative watersheds are identified
on Figure 1. Data for the soil erosion study were obtained from all 11 watersheds selected initially
for the monitoring study. Frank and Ripley (1977) have described the land use activities in these
study watersheds.
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Figure 1: Agricultural Regions and Representative Watershed Locations
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The Universal Soil Loss Equation (Wischmeier and Smith, 1965) has been used for
estimating rainfall and runoff-induced soil erosion losses for the various crops grown in each
watershed. Losses estimated by this method are meant to include both sheet and rill erosion, as
defined by the original authors.

The Universal Soil Loss Equation (U.S.L.E.) is:

A = R K L S C P, where

A = the predicted average soil loss, expressed in ton/acre/yr,

R = the rainfall factor, expressed as a rainfall-erosion index,

K = the soil erodibility factor, expressed as tons of soil loss per acre per unit of
rainfall-erosion index on a plot (9% slope, 22.1 m long, in continuous fallow, tilled
up-down slope),

L = the length-of-slope factor, expressed as the ratio of soil loss from a specified length
of slope to that defined for the K factor,

S = the slope-gradient factor, expressed as the ratio of soil loss from a specified percent
slope to that of the K factor,

C = the cropping management factor, expressed as the ratio of soil loss under a
specified cropping management system to the loss under fallow conditions,

P = the erosion control practice factor, expressed as the ratio of soil loss with a specific
conservation practice (e.g. contouring, strip-cropping, or terracing) to that with
up-down slope cultivation.

The rainfall erosion "R" values were derived from long-term rainfall records and calculated
for ll climatic stations in Southern Ontario (Ateshian, 1974). A map showing the average annual
values of the rainfall factor R in Southern Ontario was produced by employing computed R values
and published R values for the United States bordering Southern Ontario (van Vliet et al. 1976)
(Figure 2). Measured rainfall data in the watersheds (PLUARG Project 6A - Sanderson, 1978) were
the basis for the determination of "R" values for the year 1976 by the same method (Ateshian,
1974).

Detailed information concerning land use, cultivation practices, crop rotation systems, soil
properties and land slopes required for the application of the soil loss equation were obtained by
a combination of on-site evaluation, laboratory analyses and aerial photographic interpretation.
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Figure 2: Average Annual Rainfall Factor "R" Values for Southern Ontario
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Soil erodibility "K" values for surficial soil materials (Ap or Ah + Ae horizons) were
determined by the soil erodibility nomograph (Wischmeier et al.  1971) .

The topographic factors, slope length "L" and slope gradient "S", were determined on-site
and LS values were derived from the LS chart (Wischmeier and Smith, 1965) .

During the 1974 and 1975 growing seasons, agricultural land use on the individual fields
in each watershed was mapped on aerial photographic base maps and the percent of the
watershed in different crops was calculated. if a grass cover was part of a crop rotation, it was
mapped as meadow. Areas with permanent grass or mixed shrubs and grass vegetation were
classified as permanent pasture. Tree vegetation, including marshes, woodlots and forests were
classified as woodlands. The regional soils and crop specialists of the Ontario Ministry of
Agriculture and Food were contacted to establish the most common crop notations for each
watershed. This source was also very helpful for establishing plowing, seeding (planting) and
harvesting dates, as well as residue management and yield levels that were required for the
computation of "C" factors (Wischmeier and Smith, 1965) .

Erosion control practices "P" such as terracing, strip-cropping or contour ploughing, were
not present in the watersheds studied. Therefore, the erosion control practice factor P in the
U.S.L.E. was given a value of 1 (Wischmeier and Smith, 1965).

The predicted average annual soil loss "A" is the long-term average annual soil loss in
tons/acre/yr. It should be recognized that any  soil loss estimate based on only a single year of data
may deviate considerably from this long-term average value. Since this study was conducted for
only a 1 to 3 year period, an attempt was made to determine how soil loss during this short time
period varied both by month and annually in comparison with long-term average annual soil loss
values.

The rainfall factor "R" and cropping-management factor "C" (Wischmeier and Smith, 1965)
are the only factors that change temporally and hence require consideration in determining either
monthly or yearly values. For the computation of monthly predicted erosion losses, monthly "R' and
"C" values were calculated and the U.S.L.E. was solved in the normal way. The method of
calculation is demonstrated below by an example for Watershed AG-1 (Table 1).

Monthly rainfall "R" values for 1976 (column 2) were computed by the Ateshian method
(1974) , with data from PLUARG Project 6A (Sanderson, 1978). Long-term monthly "R" values have
also been included in Table 1 (column 3). For the derivation of an average monthly soil loss ratio
(column 4) , the growing season was divided into the following 5 crop stage periods, as defined by
Wischmeier and Smith (1965).
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Table 1: 1976 Sheet and rill erosion losses for AG-1 (Big Creek Watershed)

1 2 3 4 5 6 7 8 9 10

Month
"R" Value Average Soil

Ratios
(C)

R x C
R x C

(%)

Soil Loss

(metric tons)
Adjusted
For Snow

(%)
(metric tons) (ton/ha)

1976 Longterm

JANUARY 6.7 0.53 0.51 3.417   7.5 2942.5 8.5 3334.9 0.656

FEBRUARY 6.7 1.03 0.51 3.417   7.5 2942.5 9.5 3727.2 0.734

MARCH 18.38 1.81 0.51 9.374 20.5 8042.9 27.5  10789.3  2.124

APRIL 14.36 4.71 0.51 7.324 16.1 6316.6 16.1  6316.6 1.243

MAY   6.03 6.32 0.67 4.040   8.9 3491.8 8.9 3491.8 0.687

JUNE   6.91 16.69  0.50 3.455   7.6 2981.8 7.6 2981.8 0.587

JULY 35.28 26.27  0.26 9.173 20.1 7885.9 20.1  7885.9 1.552

AUGUST 0 20.72  0.26 0 0 0 0 0 0

SEPTEMBER 11.38 7.59 0.26 2.959   6.5 2550.2 6.5 2550.2 0.502

OCTOBER   5.90 4.48 0.41 2.419   5.3 2079.4 5.3 2079.4 0.409

NOVEMBER 0 1.65 0.51 0 0 0 0 0 0

DECEMBER 0 3.20 0.51 0 0 0 0 0 0

YEAR 111.6 95.00 45.578 100.0 39233.8 110.0 43157.2 8.496
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Crop Stage Period Month

F -  Rough fallow November - April

1-   Seedling May

2 -  Establishment June

3 -  Growing and maturing of crop July, August, September

4 -  Residue or stubble period October

Months corresponding to the crop stage periods reflect average cropping-management conditions
for the crops grown in the watershed (AG-1) as follows:

-  average planting date for all crops : May 1;
-  average harvest date for all crops: October 1;
-  average plowing date for all crops: November 1.

(These average dates and consequently the months in each crop stage period vary slightly from
one watershed to the other).

Average soil loss ratio values were derived from soil loss ratio tables (Wischmeier and
Smith, 1965) for the crops for each of the 5 crop stage periods and corresponding months. Column
5 which is the product of column 2 and column 4, has dimensionless numbers. Column 6 is the
monthly proportion of column 5, expressed as a percentage. The total long-term predicted sheet
erosion loss for AG-1 was adjusted for the 1976 annual rainfall "R" value (Table 1), resulting in a
value of 39,234 metric tons of soil loss (column 7). On the basis of the percentage values in column
6, the yearly soil loss value was proportioned by months (column 7).

Since snowmelt has been observed to affect erosion and since the effect of snowmelt is not
included in the universal soil loss equation, soil erosion losses were adjusted in accordance with
local observations. Recent unpublished research has indicated that the contribution from snowmelt
in Southern Ontario varies between 10-15% of the total annual soil loss value (van Vliet and Wall,
1978). Consequently, in areas with relatively low snowfall accumulations (AG-1, AG-10, AG-13),
10% of the annual soil loss value was added to the yearly value as follows: January 1%, February
2% and March 7% (column 7), In areas with relatively high snowfall accumulations (AG-3, AG-4,
AG-5) 15% of the annual soil loss value was added to the yearly value as follows: January 2%,
February 3%, March 10%. Column 9 shows the snowmelt-adjusted soil loss values for the months
of January, February, March. Monthly unit area losses were computed in column 10.
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These computations, demonstrated for AG-1, were also performed for the other 5
watersheds (AG-3, AG-4, AG-10, AG-13) and may be found in Appendix 1.

3.3 Experimental Results 

The locations of the 11 representative agricultural watersheds for which potential sheet
erosion losses were computed are shown in Figure 1. The predominant soil material and land use
encountered in the watersheds are summarized in Table 2. Results of the application of the
U.S.L.E. to the 11 watershed areas are presented in histograms (Appendix 2) and data for
watershed #1 are discussed below to illustrate how the information in the histograms can be
interpreted.

Figure 3 shows the percentage of watershed #1 occupied by the different crops versus the
average annual potential sheet erosion losses. In addition, the range of soil loss for each cropping
system that results from different soil factors and topographic factors is indicated for each crop by
a range line. For example, the average annual potential sheet erosion losses from corn, soybeans
and small grains in rotation are approximately 7 metric ton/ha/yr, but soil losses may range from
3.5 - 9.6 ton/ha/yr depending upon the soil erodibility and slope factors. Both permanent pasture
and woodland are estimated to have low soil losses (<0.5 ton/ha/yr) as compared with rotational
crops (>6 ton/ha/yr) in this watershed. Soil erosion losses for the other 10 watersheds are
presented in the same manner in Appendix 2.

A soil erosion index was developed in order to provide a method for comparing the
long-term potential erosion hazards of the different agricultural watersheds. The sheet and rill
erosion index for each watershed studied was derived by integrating the average sheet erosion
losses (i.e. the total area under the histograms depicted in Figure 3 and Appendix 2). On the basis
of this watershed erosion index, each watershed was placed into a high, medium, or low erosion
category as indicated in Table 3. Based on the results for the representative watersheds the
agricultural regions in southern Ontario were also classified into a high, medium or low erosion
potential category. The spatial distribution of potential soil erosion in southern Ontario is depicted
in Figure 4.

Another way of presenting the erosion data of Figure 3 and Appendix 2 is to summarize the
potential sheet erosion values for several of the predominant agricultural crops grown in southern
Ontario. The mean values of the estimated soil losses for the crops grown in different watersheds
were calculated and are summarized in Table 4. The range values express the effects of variations
in soil erodibility "K", topography "LS" and rainfall "R" over the different areas. Potential sheet
erosion losses for southern Ontario on a long-term (22 years) basis, on a single year (1976) basis
and on a crop basis are shown in Figure 5. Soil losses (1976) were higher than long-term average
annual losses reflecting greater than average rainfall in 1976.
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Table 2: Predominant soil materials, topography and land uses for 11 agricultural watersheds.

WATERSHED
SOIL MATERIALS AND TOPOGRAPHY LAND USE

AG-Number Name and County
1 Big Creek (Essex Co.) Clay to clay loams over clay to silty clay tills;

nearly level to undulating terrain.
Cash crops, corn, soy beans, small
grains.

2 Venison Creek (Norfolk Co.) Sands, sandy loams and loamy sands; undulating
to gently rolling terrain.

Tobacco and dairy.

3 Upper Little Ausable River
(Huron Co.)

Silty clay loams and silt loams over silty clay loam
tills; undulating terrain.

Cash crops, corn, white beans, small
grains, dairy.

4 Canagagigue Creek, West
Br.(Wellington-Peel Co.)

Silt loams, silty clay loams and clay loams over
silty clay loam and clay loam tills; undulating

Dairy, small grains and corn in
meadow-rotations.

5 Holiday Creek, Trib. of
Middle Thames (Oxford Co.)

Silt loams over loam and silt loam tills, undulating
terrain.

Dairy, hogs, corn, small grains.

6 Tributary of Maitland Riv.
(Huron & Wellington Co.)

Silt loam and loam tills; undulating terrain. Beef, hogs, meadow in rotation with
small grains.

7 Shelter Valley Creek
(Northumberland Co.)

Sandy loam tills; stony; moderately to strongly
rolling terrain.

Forest, hobby farms, tobacco,
permanent pasture.

10 North Creek Br. of Twenty
Mile Creek (Lincoln Co.)

Silty clay loams over clay and silty clay till.
Undulating terrain.

Dairy, hogs, poultry, permanent
pasture, meadow in rotation.

11 Salt Creek (Peel Co.) Loam to clay loam to clay; nearly level to
undulating terrain.

Beef, dairy, rapidly urbanizing,
permanent pasture, corn.

13 Hillman Creek, West Br.
(Essex County)

Fine sands, loamy fine sands and very fine sandy
loams; level to very gently sloping terrain.

Cash crops, fruits, vegetables, corn,
soybeans, tomatoes, etc.

14 Wilmot Creek (Bruce Co.) Clay and silty clays; gently rolling terrain. Beef(extensive), permanent pasture,
meadow.
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Figure 3: Longterm Average Annual Soil Erosion Losses by Crop for AG-1 (Big Creek
Watershed)
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Table 3: Soil erosion indices for 11 agricultural watersheds

Watershed
No. 1     Watershed Name

Watershed
Area

Watershed
Index

Erosion Erosion
Potential(ha) (ton/ha/yr)

(ton/acre/yr)
Category

13 Hillman Creek (West Branch) 1990 7.3 3.2 

öHigh  1
Big Creek Trib. to Thames
River

5080 6.6 2.9

  7 Shelter Valley Creek 5645 5.7 2.5

  3 Upper Little Ausable River 6200 4.3 1.9

öMedium
  6 Tributary of Maitland River 5472 4.0 1.8

  5
Holiday Creek (Trib. of
Middle Thames River)

3000 3.7 1.7

11 Salt Creek 2383 3.0 1.3

  4
Canagagigue Creek (West
Branch)

1860 2.1 0.9

öLow
14 Wilmot Creek 4504 1.2 0.6

10
North Creek Branch of
Twenty Mile Creek

3025 1.1 0.5

  2 Venison Creek 7913 1.0 0.4

1 See Figure 1 for location of watersheds and Table 2 for a brief watershed description.
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Figure 4: Spatial Distribution of Potential Soil Erosion in Southern Ontario
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Table 4: Magnitude of potential sheet erosion losses from cropland in Southern Ontario

CROP
SHEET EROSION LOSSES BY CROP

Mean
(ton/ha/yr)

Range 1

(ton/ha/yr)
Horticultural crops
    (potatoes, tomatoes, etc.)

9.1 6.6 - 12.2

Beans (soy and white) 7.6 5.5 -  9.8

Continuous corn 6.7 2.9 - 11.7

Corn in rotation 3.7 0.9 -   6.9

Tobacco 3.5 2.1 -   4.9

Small grains 3.4 1.5 -   6.9

Meadow in rotation 2.6 0.9 -   5.0

Permanent pasture 0.4 0.1-    0.8

Woodlands 0.2 0.05 - 0.4

1 Range values reflect a combination of soil, topographic and rainfall variations between
watersheds.
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Figure 5: Potential Agricultural Watershed and Cropland Erosion Losses
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In addition to long-term average annual potential erosion losses, short time period erosion
losses (e.g. 1976) were computed. Results of the 1976 monthly and annual predicted erosion loss
computations for the 6 detailed-study watersheds are presented in Table 1 for AG-1 and Appendix
1 for AG-3, AG-4, AG-5, AG-10, AG-13. Watershed soil erosion losses for 1976 are presented in
Figure 5.

Table 5 summarizes the 1976 monthly distribution of soil loss and annual erosion losses for
the 6 detailed-study agricultural watersheds. The monthly soil loss value expressed both in tonnes
per hectare (ton/ha) and as a percentage of the yearly soil loss is presented for each watershed
in Table 5. The variability among watersheds for a particular month or group of months (seasons)
is large, mainly due to the variable nature of rainfall energy and intensity. This is clearly
demonstrated by the following seasonal distributions of percent soil loss for the 6 watersheds:

January-April May-August September-December

AG-1 56 23 11 

AG-3 31 63 6

AG-4 46 48 6

AG-5 29 63 8

AG-10 39 57 4

AG-13 45 42 13  

The seasonal range in soil loss is largest for the summer period (23-63%) . This is of no
surprise, since the summer period is characterized by highly variable rainfall properties (e.g. kinetic
energy of raindrops on the soil, intensity of rainfall). The smallest seasonal range was found for the
fall period (4-13%).

Table 5 has been summarized in a graph in Figure 6. Figure 6 shows average monthly soil
erosion values for the 6 watersheds. The seasonal soil loss contribution is largest during summer
(May-August), with over half (55%) of the yearly potential soil loss. About 1/3 of the annual potential
soil loss occurs during the January-April period. The remainder took place during the fall period
(September-December).

3.4 Data Analysis and Interpretation 

The spatial picture of soil erosion reveals that most watersheds falling in the highest
erosion-potential category (Table 3) are intensively farmed agricultural areas characterized by cash
crop production and a high percentage of arable land (land used for crop production). Watershed
AG-7 is a notable exception to these observations and will be discussed later.
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Table 5: Summary of 1976 potential sheet and rill erosion losses for 6 agricultural watersheds.

AG-1 AG-3 AG-4 AG-5 AG-10 AG-13

Month ton/ha % ton/ha % ton/ha % ton/ha  % ton/ha % ton/ha %

January 0.656 8 0.419 3 0.130 5 0.721 3 0.051 3 0.560 5

February 0.734 9 0.671 5 0.202 8 0.637 3 0.060 3 1.754 15  

March 2.124 25 1.198 9 0.451 17  3.777 15  0.305 18  1.785 16  

April 1.243 14 1.928 14  0.437 16  1.889 8 0.264 15  0.996 9

May 0.687 8 0.862 6 0.353 13  2.186 9 0.278 16  0.633 6

June 0.587 7 1.725 13  0.848 31  0.658 3 0.557 32  2.459 21  

July 1.552 18 5.605 41  0.105 4 5.772 23  0.132 8 1.764 15  

August 0 0 0.467 3 0 0 6.959 28  0.014 1 0 0

September 0.502 6 0.766 5 0.098 4 0.934 4 0.043 2 0.841 7

October 0.409 5 0.132 1 0.049 2 0.679 3 0.019 1 0.405 4

November 0 0 0 0 0 0 0.191 1 0 0 0.218 2

December 0 0 0 0 0 0 0 0 0.024 1 0 0

Year (1976) 8.496 100 13.773 100 2.673 100 24.402 100 1.746 100 11 100
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The watersheds having medium erosion potential can be characterized by a mixed farming type of
agriculture involving livestock operations in combination with some cash cropping. Agricultural
watersheds demonstrating low erosion potential are generally found in the less intensively farmed
agricultural regions with livestock farming operations and with a large percentage of meadow crops,
permanent pasture and woodland. In addition, watersheds of this category exhibit the lowest
percentage of arable land.

The high erosion potential for the Shelter Valley Creek Watershed (AG-7) results from the
steep topography and highly erodible loamy sand and fine sandy loam soil. High erosion-potential
values are clearly expressed by the large range values for AG-7 in Appendix 2. The watershed land
use in AG-7 is analagous, however, to watersheds in the low erosion-potential category.

It should be noted that the three watersheds with highest erosion indices are not necessarily
the watersheds contributing the most sediment into stream channels. The soil erosion categories
only indicate how vulnerable the watersheds are to sheet erosion losses. Soil particles in the
transport phase of the soil erosion process might easily become trapped in depressional areas,
grassed waterways, etc., before they reach stream channels. For example, it is quite possible that
a watershed in the category for low potential for sheet erosion losses could contribute more
sediment into streams than watersheds of the high erosion category because of an efficient
transport system from land to stream.

With respect to the effects of agricultural land use on erosion losses, results presented in
Table 4 and Figure 5 indicate that maximum potential sheet erosion losses (>6.5 ton/ha/yr) occur
in those crops (horticultural, beans, and continuous corn) that have the least soil cover during the
growing season.In the soil loss equation the lack of soil cover is reflected in a high C-factor value.
Lowest sheet erosion values (<0.5 ton/ha/yr) have been determined for permanent pasture and
woodlands, as these land uses provide sufficient soil cover. Crops grown in rotations (corn and
small grains) with a green cover crop result in reduced potential erosion losses as indicated by the
fact that a corn crop in rotation yields 45% less potential soil erosion than the same corn crop grown
continuously (Table 3). The cover crop is believed to reduce erosion losses both by affording
protection from rainfall energy and by improving organic matter levels and soil structure. The
somewhat lower erosion value (3.5 ton/ha/yr) for tobacco (Table 4), a row crop, is explained by the
fact that this crop is generally grown on slightly erodible loamy sand and sandy loam soils on level
to gently sloping landscapes. The high value for beans could also be attributed to the fact that they
are often grown on highly erodible fine-textured clay loam and clay soils. All other crops are grown
on the full range of soil textures and topographies present in the watersheds studied as evidenced
by the range values of Table 4. A change in cropping practices in a particular area, e.g. growing
more continuous corn at the cost of small grains and hay-pasture, results in significantly higher
levels of soil erosion.
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Results of the 1976 predicted erosion losses have been compared with the long-term
average annual losses (Figure 5). The long-term average annual value of rainfall erosion "R" for
the 11 agricultural watersheds is 66. For 1976, the average annual R for the 11 watersheds is 130,
almost two times higher. This 1976 rainfall R value explains the higher potential sheet and rill
erosion losses for 1976 (Figure 5) . However, the contribution from snowmelt accounts for 10-15%
of the increase in soil erosion during 1976 compared with the long-term values. Holiday Creek
(AG-5) had an extremely high rainfall in 1976 during the months of July and August (Appendix 2)
(e.g. on August 13 and 14, 121 mm fell within 27 hours, from which 70 mm fell in a two hour period);
hence the very high potential soil loss for this watershed. It is apparent from Figure 5 that due to
the variable distribution of rainfall, specific year soil losses (1976) can be highly variable in place
and time. Such variability can significantly influence the relative ranking of watersheds compared
to a ranking for long-term predicted soil losses.

The temporal aspect of soil erosion on agricultural lands, depicted in Figure 6 clearly
demonstrates that the average soil erosion losses for the 6 watersheds are not equally distributed
over the year. The temporal picture of potential erosion is one for which soil loss during the summer
months is highest. For a clearer perspective, the monthly distributions of rainfall "R" values,
expressed as a percentage of the yearly value, are presented in Figure 7 for both the 1976 and the
long-term "R". The 1976 "R" distribution, similar to the long-term distribution, indicates that most
(65%) of the annual "R" occurs during the high rainfall intensity summer period of May-August.
Despite a generally good protective crop cover during this period, the distribution of average 1976
soil erosion losses follows the same pattern of the "R" values with over half of the yearly potential
soil loss occurring during the summer period (Figure 6).In other words, the erosive rainfall values
are well correlated with the soil erosion values. Rainfall data, such as the ones depicted in Figure
7, may also explain the usually high 1976 soil losses during the winter period January-April, in
which 36% of the annual soil loss took place (Figure 6). During this 1976 winter period, "R"
accounted for 25% of the yearly value compared with only 10 for an average year (Figure 7). This
could also be a reason for high 1976 measured fluvial suspended sediment loads for the
watersheds during the same period, as will be discussed in Chapter 4.

3.5 Conclusions 

From this chapter, the following conclusions can be drawn: 

- Agricultural watersheds with relatively medium to high potential soil loss (AG-1,
AG-3, AG-5, AG-13) include intensively farmed agricultural regions where a high
percentage of the crops grown are row crops (horticultural crops, beans, continuous
corn) . The remainder of the agricultural watersheds with a medium to low potential
for sheet erosion losses are found in non-intensively farmed regions with mainly
livestock operations, where most crops are grown in a rotation with one or more
years of hay-pasture.
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Figure 6: Average Monthly Distribution of 1976 Predicted Soil Erosion Losses for 6 Agricultural Watersheds
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- Row crops (including horticultural crops, beans and continuous corn) have the
potential to cause more than twice as much soil loss as crops grown in rotation with
a green cover crop (such as corn, small grains, tobacco and meadow) . Lowest
sheet erosion losses may be expected to occur on permanent pasture and
woodlands, amounting to less than 0.5 ton/ha/yr.

- Soil erosion losses in 1976 were computed to be higher than longterm average
annual soil losses because of higher than average rainfall energy in 1976.

- Soil erosion losses are not equally distributed over the year. The temporal picture
of potential soil erosion is one for which soil losses during the summer months are
highest.In particular, the high intensity rainfall events that occur during the months
of June, July and August account for almost half the total annual erosion potential.

- The 1976 rainfall "R" distribution, similar to the long-term distribution, indicates that
most ( 65%) of the annual "R" occurs during the high rainfall intensity period of
May-August. During the 1976 winter period (January-April), however, "R" accounts
for 25% of the yearly value compared with only 10% for an average year. This is
likely to have an effect on the 1976 measured fluvial suspended sediment loads for
the 11 watersheds.

- Long-term average annual sheet erosion losses are not as high as values calculated
for the Central United States. The lower estimates are mainly due to the relatively
low rainfall "R" values ( 100) in Southern Ontario compared to the higher rainfall "R"
values (175-300) in the Central U.S.A. (Wischmeier and Smith, 1965).

- Unless the efficiency of transport of soil materials from the land base to the stream
system is known, potential soil erosion losses are not necessarily indications of
sediment yield to the streams.
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Figure 7:  Average Monthly Distribution of Annual Rainfall "R" Values for 11 Agricultural Watersheds
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4.0     MEASURED FLUVIAL SEDIMENT LOSSES FROM AGRICULTURAL LAND

4.1 Introduction 
The objective of this chapter is to describe the spatial and temporal distribution of

suspended sediment loads measured in the 11 agricultural watersheds. Suspended sediment load
data were made available by the Ontario Ministry of the Environment (Project #2a) as part of the
PLUARG Monitoring Studies.

Monthly and seasonal suspended sediment loads have been determined as well as the
importance of extreme storm events relative to annual sediment load values.

Data on measured suspended sediment loads presented in this chapter have also been
used for the consideration of sediment delivery ratios (Chapter 5), sediment load prediction models
(Chapter 6) and extrapolation purposes (Chapter 9).

4.2 Data Collection Methods 

As part of the PLUARG Monitoring Studies, Phase I, the Ontario Ministry of the Environment
collected streamflow data and suspended sediment concentrations from stream samples for 11
agricultural watersheds in southern Ontario for the period from Spring 1975 through Spring 1977
(Project #2a). From this information, fluvial suspended sediment loads were calculated by the
following four methods:

- Hydrograph integration (Porterfield, 1972)
- Naquadat (Demayo & Hunt, 1975)
- Beale ratio estimator (PLUARG, Quality Control Handbook, 1976, I.J.C., Windsor)
- M.O.E. regression (Onn, et al, 1978)

In addition, stream flow data and sediment concentrations were collected during 1976 for
4 sub-basins in the AG-4 and AG-5 watersheds (Project #17). Sediment loads were computed for
these sub-basins by the Hydrograph Integration Method. The locations of these Sub-basins are
included in Figures 11 and 12 of Chapter 6.

Monthly suspended sediment loads were computed for 1976 for the 11 agricultural
watersheds by the Naquadat Method and for the 4 Sub-basins by the Integration Method. Seasonal
loads, based on the monthly suspended sediment load data, were also determined.
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The importance of extreme storm events in comparison to annual sediment loads has also
been investigated. An extreme value analysis of sediment load data for southern Ontario rivers
(contained in publications entitled Sediment Data in Canadian Rivers and prepared by Fisheries
and Environment Canada) and duration curve analysis of loads for these rivers and the PLUARG
watersheds served as the base studies.

4.3 Experimental Results 

The 1976 sediment loads computed by the four methods noted above are presented in
Figure 8. Since the Beale and Naquadat Methods when applied to the estimation of suspended
sediment loads produced quite different results, further analysis was conducted in this regard.
Detailed analysis has revealed that the hydrograph integration method and the Naquadat Method
best reflect the observed suspended sediment load conditions (Appendix 3). In addition, it was
found that both methods present the most reliable relative rankings of the watersheds.
Consequently, data analysis and interpretation of results have been based on these two methods
only. When the watersheds are classified into three sediment load categories according to the
integration and Naquadat approaches, AG-1 has an average annual unit area loading of 900 kg/ha;
AG-3, 4, 5, 10 and 13 have averages in the order of 350 kg/ha; and AG-2, 14, 6, 7 and 11 have
averages of about 80 kg/ha for 1976 load data (Figure 8). The average unit area loadings are
representative of rural land and may include both cropland and streambank components.

The unit area loads consider the total load to be apportioned equally over the area of the
watershed. The result is a general average unit area load for the particular agricultural "landscape"
which is represented by each of the agricultural watersheds. It is the net effect of soil type, climatic
zone, combination of crops grown with or without associated livestock enterprises, etc. and gives
an approximation of the average agricultural contribution. These unit area loadings also include
such nonagricultural interferences as private waste disposal, highways, forestry, etc. which occur
within agricultural areas but which cannot be readily separated as to pollutant loads.

Monthly 1976 unit area loads (Naquadat Method) for the 11 agricultural watersheds are
presented in Appendix 4. The average monthly suspended sediment loads have been extracted
from this data set to reveal the temporal distribution presented in Figure 9. It is apparent from this
distribution that most (75%) of the total annual suspended sediment load leaves the mouths of the
watersheds during the months of February through April. This temporal pattern closely parallels the
seasonal distribution of flood occurrences in southern Ontario and has been confirmed for many
rivers draining larger watersheds in the Great Lakes Basin (Dickinson et al, 1975).
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Figure 8: Measured Suspended Sediment Loads for Eleven Agricultural Watersheds
Computed by Different Methods
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Figure 9: Monthly Distribution of Average Sediment Loadings for the 11 Agricultural Watersheds (Naquadat Method 1976 Data)
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Seasonal loads have been determined with the Naquadat approach and Beale ratio
estimates for the periods: I. "dormant, cold - warming" - to include the latter part of winter and spring
thaw, approximately January through April in southern Ontario; II. "active growing" - to include the
active growth period from May through August; and III. "dormant - cooling - cold" - to include that
time when little growth and rather little runoff occurs. The seasonal loadings appear to be about the
same for both methods of sediment load computation (Table 6).

Monthly suspended sediment loads for about two years of measurements have been
calculated by the Naquadat Method and are presented for the 11 agricultural watersheds in
Appendix 5 and 6. Average annual sediment loads computed from the data of Appendix 5 were
used for data analysis and interpretations in Chapter 5 (Delivery ratios). Also, monthly suspended
sediment loads for 4 Sub-basins in AG-4 and AG-5 (Appendix 4) will be used in the next Chapter
5.

4.4 Data Analysis, Interpretation and Conclusions 

Sediment yields for rural watersheds in Southern Ontario range from 100 to 1000 kg/ha/yr
(when computed by the Hydrograph Integration and Naquadat Methods). The cause of the
observed variations among watersheds can be related to soil and land use factors as well as
watershed transport capacity. For example, some areas with highly erodible soils and erosion
sensitive land uses (corn) do not always reflect high sediment loading rates (AG-3, AG-7, AG-13).
Watershed transport factors such as stream channel buffering (with grass or trees) or stream
channel density also have a large effect on determining unit area sediment loadings and in many
cases apPear more significant than soil erodibility and cropping factors.

Although the relative suspended sediment loadings from the land uses in the 11 agricultural
watersheds are not available, the research field observations have revealed that the bulk of the
1976 load emanates from cropland. Further, agricultural practices which leave the soil relatively
bare during the snowmelt and spring runoff period contribute heavily to suspended sediment loads.

Since sediment production from grasslands and woodlands is minimal, the primary sources
of sediments in the agricultural watersheds are croplands and streambanks. To quantify these two
sources, 1976 watershed sediment loads (Naquadat Method) have been partitioned into
streambank and cropland erosion components (Table 7). Streambank erosion estimates have been
made by Knap (1978). The amount of bank erosion transported downstream has been assumed
to include the silt and clay fraction of the eroded material and is expressed as a percentage of the
1976 measured sediment loads (Table 7).
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TABLE 6: Seasonal Distribution of Average Sediment Loadings for Agricultural Watersheds

PROPORTION %

Method Of Sediment
Load Computation

Number Of
Watersheds

Jan.-April
I

May-August
II

Sept.-Dec.
III

Naquadat 11 77 21 2

Beale Ratio Estimator
10

(AG-11 missing)
76 20 4
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Table 7: Partitioning of 1976 Measured Suspended Sediment Loads in Streambank and Cropland Erosion Components

Watershed
1976 Sediment Loads1

(kg/ha/yr)

1976 Streambank2

Erosion Estimates
(kg/ha/yr)

Net Streambank As
Proportion Of Total
Sediment Load (%)

Cropland As Proportion Of
Total Sediment Load 
(100-% Streambank)NET TOTAL5

AG-1 998 223  286 22 78
AG-2 140 10   204   7 93
AG-3 258 24   29   9 91
AG-4 419 137  241 33 67
AG-5 351 5   10 15 85
AG-6   64 10    144 16 84
AG-7   43 7 184 16 84
AG-10 375 17   18   5 95
AG-113   19 65   93 -- --
AG-13 310 41    564 13 87
AG-14 135 75    944 -- --

1 Using Naquadat Method of sediment load computation
2 Knap (1978) PLUARG Project, Task C, Activity #6, I.J.C., Windsor
3 Problems with streamflow measurements account for the very low sediment load
4 Estimates for original selected watersheds, before relocation
5 Values used in Chapter 5 for delivery ratio computations
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It is evident that sheet and rill erosion from cropland  contribute the largest percentage of the
sediment (70-100%) , while the bank erosion contributes between 0 and 30 percent (Table 7).

Suspended sediments are not transported from rural land uniformly throughout the year.
Figure 9 illustrates the monthly distribution of sediment loads from rural lands in Southern Ontario
for 1976 data. About 75% of the annual suspended sediment load is transported in February, March
and April. These months are characterized by saturated soils, low rainfall energy and snowmelt
events. Streambank erosion has also been observed to be maximum in the February-March-April
time period.

The fall period is characterized by very low sediment movement in the order of 2-4% of the
total yearly sediment load (Figure 9). High energy rainfall events that occur in the summer months
can cause high on-site sheet erosion losses but because the soils are generally not water-saturated
at this time of the year, infiltration of water is enhanced and the transport of eroded sediments is
minimized. However, during 1976, about 20% of the yearly watershed sediment load was measured
to leave small agricultural watersheds during the summer period (Table 6). This rather high
percentage was caused by a relatively wet summer with frequent rainstorm activities (Appendix 3).

Examination of the temporal suspended sediment pattern in the agricultural watersheds in
relation to patterns in the larger Southern Ontario watersheds referred to by Dickinson, et al.  1975,
reveals a number of observations regarding the role of extreme events. Fifty percent of the
suspended sediment load is transported in less than five percent of the time; and eighty percent
of the load is transported in less than 10 percent of the time. Further, severe runoff events can flush
as much or more suspended material out of the watersheds in a few days than is moved through
the systems during an average year. For example, a suspended sediment storm event of ten year
return period (i.e. the average period of time between events of sediment load equal to or greater
than the specified storm event load is ten years) can be expected to contribute approximately three
times the average annual load; the fifty year event contributes approximately ten times the average
annual load; and the one hundred year event contributes sixteen times the annual load. These
figures reveal that, the suspended sediment loading contributed to the lakes by events exhibiting
return periods of less than 10 years is approximately equivalent to the loading contributed by events
with return periods between 10 and 100 years. These results have important implications for the
consideration of remedial measures.
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5.0    SUSPENDED SEDIMENT DELIVERY RATIOS

5.1 Introduction 
Stream sediment loads are dependent both on gross erosion in the watershed and on the

transport capacity of the watershed. Generally only a part of the material eroded from upland areas
in a watershed (gross soil erosion) is carried out of the watershed by streams. A variable proportion
of the eroded materials may be deposited during the transport phase of the soil erosion process.
The relationship between annual sediment yield and the annual gross erosion has often been
expressed as the sediment delivery ratio. The greater this sediment delivery ratio (D.R.) for any
given watershed, the greater is the sediment yield and the less is the amount of eroded material
deposited within the watershed. The delivery of materials from point of origin (e.g. the field surface)
to the stream is highly variable.

The objective of this chapter is to present and discuss sediment delivery ratios for the
eleven agricultural watersheds in Southern Ontario and for some selected subwatersheds in AG-4
and AG-5. Information from the previous two chapters on erosion losses (Chapter 3) and on
measured suspended sediment loads (Chapter 4) has been used for the computation of 1976 and
average annual delivery ratios. Monthly and seasonal delivery ratios are also investigated.
Computed watershed delivery ratios are compared with published delivery ratios based on drainage
basin size. Both computed and published delivery ratios are used in Chapter 6 for sediment load
prediction purposes.

5.2 Data Collection Methods 

Watershed sediment delivery ratios can be expressed by the relationship;

Delivery ratio (D.R.) = Sediment load / Gross erosion

Gross erosion is the sum of all different sources of erosion taking place in the watershed
and may include sheet and rill erosion, gully erosion, streambank erosion, roadside erosion and
flood plain scour. It has been indicated previously in Chapter 4 that the two major sources of
erosion producing sediments into the stream system of the eleven agricultural watersheds are sheet
and rill erosion and streambank erosion. Consequently, these sources of erosion have been
considered to be the gross erosion components for sediment delivery ratio computations.
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Watershed delivery ratio computations were initially performed for the year 1976, since only
one year of reliable measured suspended sediment loads was available. Sediment loads derived
by the Naquadat Method of computation were used in this and subsequent delivery ratio
computations. Sheet and rill erosion values for 1976 (from Chapter 3) and streambank erosion
estimates for the agricultural watersheds (Knap, 1978; Table 7, Chapter 4) have been used to
estimate delivery ratios by means of the relationships:

1976 D.R. = (1976 Sediment load - Streambank erosion) / 1976 Sheet and rill erosion.

Streambank erosion estimates have been based on the assumption that the fine fraction (% silt +
% clay) of the eroded material has been transported by the stream, which in fact represents the net
streambank contribution. Therefore, this streambank erosion value has been subtracted from the
1976 sediment load.

In addition to net streambank erosion estimates, total stream-bank erosion values are
available (Knap, 1978; Table 7, Chapter 2). Together with the 1976 sheet and rill erosion source,
these values represent the gross erosion component. With this second approach, 1976 watershed
sediment delivery ratios have been computed by the following equation:

1976 D.R. = 1976 Sediment Load /1976 Sheet and rill erosion + Total streambank erosion)

At a later stage during this investigation, 2 years of sediment load (Naquadat Method)
became available (Appendix 6). In addition to this information, average annual sheet and rill erosion
losses (Chapter 3) and total streambank erosion estimates were used to compute average annual
watershed delivery ratios for the 11 agricultural watersheds by the following equation:

Average annual D.R. = Mean sediment load /Average annual sheet and rill erosion 
+ Total streambank erosion)

This last approach has also been applied to delivery ratio computations for Sub-basins in the Grand
and Saugeen Rivers (Chapter 9).

Based on 1976 monthly sheet and rill erosion estimates (Chapter 3) and 1976 monthly
sediment load data (Naquadat Method), monthly delivery ratios have been computed for AG-1,
AG-3, AG-4, AG-5, AG-10, AG-13 watersheds and for 4 Sub-basins in AG-4 and AG-5. Monthly
streambank erosion estimates were not available; and therefore, have not been included in these
computations. 
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The equation used is of the form:

1976 Monthly D.R. = 1976 Monthly sediment load/1976 Monthly sheet and rill erosion

Monthly D.R. have been further analysed for seasonal trends.

Since the agricultural watersheds are all small in comparison to other PLUARG watersheds
and since they are essentially free of lakes, dams and other impoundments, it is reasonable to
assume that delivery of conservative materials through the watershed stream systems is relatively
complete (e.g. Delivery ratio = 1). In other words, materials entering the stream system are
assumed to be transported in full through the watershed.

5.3 Experimental Results 

Results of the sediment delivery ratio computations for the 11 agricultural watersheds by
three different approaches are presented in Table 8, column A, B and C. In most cases, small
differences in delivery ratios are found between the three methods of computations. Relatively low
delivery ratios (0-10%) have been determined for AG-3, AG-5, AG-6, AG-7, AG-11, AG-13 and
AG-14 watersheds.Medium delivery ratios (11-20%) are shown for AG-1, AG-2 and AG-4
watersheds and the only basin with a relative high delivery ratio (>20%) is AG-10. No notable
differences are observed between A and B methods of computation.

Published delivery ratios from two sources are also presented in Table 8 for comparison
purposes. Column D represents D.R. based on drainage basin size. This method is extensively
used by the United States S.C.S. (1971), but originally developed by Roehl (1962). These published
D.R. have been further modified according to the predominant soil materials in the watershed
(S.C.S., 1973b). The latter set of published D.R. is shown in column E of Table 8. For most of the
watersheds, D.R. of column D are higher than any of the computed ones, except for basins AG-2,
AG-4 and AG-10. The range of these published D.R. based on drainage basin size is smallest
(14-19%), but the ones modified for soil textures (column E) have the largest range (7-38%) for
between watersheds.

Results of D.R. computations for some Sub-basins of AG-4 and AG-5 are presented below:
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Table 8: Results of Sediment Delivery Ratio Computation Using Different Methods of
Computation and Published Delivery Ratios (%)

Watershed
Computed Published

A B C D E
AG-1 9  11     13 16 30
AG-2 13    14     15  14   7
AG-3 1.7 1.9 4 15 20
AG-4 11    14     21  19 23
AG-5 1.4 1.4 7 18 21
AG-6 1.3 1.5   1.6 15 19
AG-7 0.6 1.0   1.5 15   9
AG-10 21    21    26  18 37
AG-11 --- 0.4 5 18 38
AG-13 2.4 3   3 19 10
AG-14 2.0 4   10  16 30
Range 0.6-21 0.4-21 1.5-26 14-19 7-38

A: D.R.= 1976 sediment load,(Naquadat Method - Net streambank erosion)/  1976 Sheet and
rill erosion

B: D.R.= (1976 Sediment Load, Naquadat Method)/(1976 Sheet and rill erosion + Total
streambank erosion)

C: D.R.= 2 year mean sediment load, Naquadat Method/(Average annual sheet and rill erosion
+ Total streambank erosion)

D: S.C.S.(1971) Based on drainage basin size
E: S.C.S.(1973) Based on drainage basin size, modified for soil texture
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Sub-basin 
Area
(km)

Delivery Ratio (%)     
Computed Published (S.C.S.,1973)

AG-4
W 2.7 43 29
W 25.6 21 19

AG-5
H 7.4   9 23
H 7.4 10 23

Results of monthly D.R. computed for AG-1, AG-3, AG-4, AG-5, AG-10 and AG-13 and for
some Sub-basins of AG-4 and AG-5 watersheds are presented in Table 9. Delivery of sediments
to the streams is highest during the spring period (January-April).

5.4 Data Analysis, Interpretation and Conclusions 

Results of the sediment D.R. computations have indicated no notable differences between
methods A and 8, based on 1976 data (Table 8). The D.R. based on 2 years of sediment load data
(method C) are consistently higher than the 1976 values. Differences between 1976 and the 2 year
average D.R. values however, are small for most watersheds. These differences are caused by
factors such as:

(a) lower average 2 year annual soil losses compared with the 1976 soil loss values
(Table 3, Chapter 3) and (b) lower average sediment loads compared with the 1976
sediment load data.

The latter is a less significant factor.

In most basins, streambank erosion contributes little to the delivery ratio computations by
the three methods, since it represents a relatively small proportion of the total sediment load (Table
7, Chapter 2). Exceptions to this observation are evident in AG-10 and AG-4 watersheds, where
22 and 33% respectively of the 1976 sediment load have been attributed to net streambank erosion
(Table 7, Chapter 2).

The reason for very low 1976 D.R. values in AG-5 (1.4%) is the very high potential sheet
and rill erosion losses for this year (24 ton/ha), compared with a long-term average soil loss of 3.7
ton/ha/yr. Hence, the higher long-term D.R. of 7%. The same reasons are offered for the higher
average D.R. in AG-3 and AG-14 (column C).

Of all the watersheds, the highest D.R. values computed by all 3 methods occur for AG-10
(>20%). These values are probably the result of relative low sheet and rill erosion losses during
1976 (1746 kg/ha) and low long-term annual losses (1055 kg/ha) relative to suspended sediment
loads of 375 kg/ha for 1976 and a 2 year load of 290 kg/ha/yr.
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Table 9: Monthly sediment delivery ratios for 1976 in 6 agricultural watersheds (%)

Month AG-11 AG-31 AG-41 AG-51 AG-101 AG-131 W1
2

AG-4
W2

2

AG-4
H1

2

AG-5
H2

2

AG-5
January     0.8 1    0.4 1   12 2 0 5 0 0
February 114   6 7 7   92 7 0 26  0 1
March 5 5 80 1   29 6 1402   574     91  16  
April 1 4  3 0.2 42 5 90 86  1 2
May 1 0.6  4 0.5 39 2 0 7 1 1
June 1 0.03     0.4   0.03     0.1   0.3 0 1 0 0
July 2 1 2 2   3     0.03 0 1 9 19  
August 0 1 0 2   3 0 0 0 3 2
September      0.01 0.04 1   0.04 1     0.04 0 1 1 1
October      0.01 0.2 6 0.1 4   0.2 0 2 0 0
November 0 0 0 4   0   0.1 0 2 1 1
December 0 0 0 0   6 0 0 0 0 1
Year (1976) 9 1.7 11 1.4 21 2.4 43 21 9 10

1 D.R. =    1976 Sediment load (Naquadat method, Appendix 4)  x 100
      1976 Sheet and rill erosion losses (Chapter 1)

2 D.R. =    1976 Sediment load (Integration method, Appendix 4)   x 100 
           1976 Sheet and rill erosion losses (Chapter 1)
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Since the computations of average annual watershed sediment delivery ratios (column C)
are based on more substantial data than the 1976 D.R., the former D.R. are preferred. However,
limitations of using only 2 years of measured suspended sediment load data for D.R. computations
should be recognized. Single year delivery ratios (e.g. 1976) can be highly variable and can deviate
significantly from average annual D.R. (Table 8). Hence, they are not useful for sediment load
prediction purposes.

Published D.R. in column D of Table 8 were originally computed for many drainage basins
in the south-east part of the United States in 5 major physiographic areas (Roehl, 1962). The D.R.
were plotted as a function of drainage area, decreasing slightly with increasing drainage area
(Roehl, 1962). For most of the agricultural watersheds, published D.R. in column D are higher than
the long-term computed ones in column C, except for AG-2, AG-4 and AG-10.

Published D.R. are about an order of magnitude higher (15%) for AG-6 and AG-7  compared
with computed average annual D.R. of 1.6 and 1.5% respectively. Delivery ratios of column D,
modified for soil texture (column E), cause even larger differences between computed and
published D.R. except for basins with sandy soils, like AG-2, AG-7 and AG-13.

The computed average annual watershed sediment D.R. (column C) , the line of best fit, and
the line representing published D.R. (column D; S.C.S., 1971), are presented graphically in Figure
10 as a function of drainage area. D.R. for Sub-basins of AG-4 and AG-5 are also included in this
figure.

The apparent trend has been reported several times for basins of similar size in the U.S.
(Roehl, 1962; Spaberry et al, 1960).The wide scatter of data points is expected for basins with
variable soils , topography and cropping practices, located in different climatic regions of southern
Ontario. Hence, the low R2 value of 0.26 for the equation of the best fitting line.

Monthly delivery ratios of Table 9 indicate highest D.R. during the spring period, in particular
during the months of February, March and April. D.R. exceeding 100% are not uncommon during
this period, since in addition to sheet and rill erosion, other sources of sediment reaching the stream
system may be present. For example, it has been determined that streambank erosion is highest
during the same period (Knap, 1978). D.R. during the summer and fall periods are insignificant
compared with the spring period.
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Figure 10: Computed Sediment Delivery Ratios for Agricultural Watersheds in Southern Ontario
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On the basis of all soil erosion and suspended sediment findings in the detailed studies, a
qualitative picture has been developed for comparison of the 11 agricultural watersheds (Table 10).
For this purpose, four watershed parameters have been categorized into a high, medium and low
category. These parameters are:

(a) Average annual potential soil losses (Table 3, Chapter 3);
(b) Mean stream sediment loads, Naquadat Method (Table 8, Chapter 4);
(c) Computed delivery ratios (Table 8, column C, Chapter 5) ;
(d) Buffering capacity of the streams (field observations) .

The past parameter refers to the effectiveness of vegetation (or the lack of it) adjacent to
the streambanks for trapping sediments in surface runoff before reaching the stream system.

Some interesting observations can be made from this table. Most basins with a low delivery
ratio (AG-3, AG-5, AG-6, AG-7, AG-11, AG-14) have a high buffering capacity, except for AG-13
which has a medium buffering capacity. It appears that buffering can significantly affect  the
watershed delivery ratio. Even with a high or medium average annual soil loss, stream sediment
levels are found to be low when the basin has a high capacity to buffer sediment before reaching
the stream system (AG-6,AG-7, AG-11). Relatively high sediment loads are observed for those
watersheds which exhibit low buffering capacity (AG-1, AG-4).
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Table 10: The Relationship of Stream Buffering to Soil Erosion Losses

Watershed
Average Annual1

Soil Loss
Mean Sediment2

Load
Delivery 3

Ratio

Buffering 4

Capacity
Adjacent To

Streams
AG-1 High High      Medium L

AG-2 Low Low      Medium H

AG-3      Medium      Medium Low H

AG-4 Low      Medium High L

AG-5     Medium      Medium Low H

AG-6     Medium Low Low H

AG-7 High Low Low H

AG-10 Low      Medium High H

AG-11     Medium Low Low H

AG-13 High      Medium Low M

AG-14 Low Low Low H

1 Table 3, Chapter 3
2 Figure 8, Chapter 4
3 Table 8, Column C, Chapter 5
4 From field observations
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6.0      PREDICTION OF STREAM SEDIMENT LOADS

6.1 Introduction 

The objectives of this chapter on suspended sediment load predictions are twofold:
- to present results of the application of existing methods and models for sediment

load prediction in agricultural watersheds in Southern Ontario, and
- to compare predicted sediment loads with measured sediment loads.

The study approach has involved the use of three existing models for sediment load
prediction. The models, which originated in the United States, have been modified for local
conditions in Ontario.

The SEDEL Model (S.C.S., 1975) has been used to predict sediment loads in Sub-basins
and the entire basins of AG-4 and AG-5 watersheds. This computerized model, which can be used
for drainage areas of any size, does not require extensive data inputs. Hence, it is easy to
understand and to apply.

The second model, mathematically more sophisticated than the previous one, is the
Sediment Transport Computer Model (Kling and Olson, 1974). The Model has also been applied
to the Sub-basins and entire basins of AG-4 and AG-5 watersheds. This detailed Model considers
sediment routing over the landscape into the stream system. In addition to sediment prediction, the
Model can be used for identifying sediment producing areas. In Chapter 8, the same Model is used
for evaluating the effects of simulated land use changes on sediment loads in AG-4 and AG-5
watersheds. Due to the detailed data input required, this Model is time consuming and expensive
in computer time.

The simplest approach for sediment load prediction uses published sediment delivery ratios
and cross erosion values computed with the universal soil loss equation. This method has been
applied to the 11 agricultural watersheds.

Mean measured sediment loads (Naquadat Method; Chapter 4) for the study watersheds
have been used to evaluate the models.
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Finally, the models have been assessed as a basis for the extrapolation of sediment load
information to other areas in the Canadian Great Lakes Drainage Basin.

6.2 SEDEL Model 

6.2.1 Background 
The SEDEL (or Sediment Delivery) Model was originally developed by the Soil Conservation

Service of the U.S.D.A. as a procedure for developing sediment storage requirements for reservoirs
(S.C.S., 1975). The Model was developed for use on drainage basins of any size and may be
expressed:

Y = E (DR)

where: Y = Sediment yield,
E = Gross erosion, and
DR = Sediment delivery ratio.

The gross or total erosion in a drainage basin is the summation of all water erosion
occurring in the watershed. It includes  sheet and rill erosion and channel-type erosion (gullies,
valley trenches, streambank erosion, etc) . The sediment delivery ratio, which is the proportion of
gross erosion that is transported into the streams after deposition of the eroded material has been
accounted for, is derived from a curve depicting its relationship with drainage basin size. This curve,
originally developed by Roehl (1962) has been extensively used by the United States Soil
Conservation Service (S.C.S., 1971) . The product of gross erosion and sediment delivery ratio
provides the predicted sediment yield.

6.2.2 Data Collection Methods

The Universal Soil Loss Equation is used to predict average yearly sheet and rill erosion
losses from agricultural lands for use in the SEDEL Model. Since the Model employs generalized
values for the different factors in the U.S.L.E. for each land use or cropping-management category,
the greatest precision is obtained when the Model is applied to small drainage areas. Consequently
drainage basins are often subdivided into Sub-basins to allow for a more detailed data input. When
information on other sources of erosion are not available (such as in this study) the gross erosion
term in the Model equals average yearly sheet and rill erosion losses.

The agricultural watershed data have been analyzed by electronic computer using the
SEDEL computer program made available by the Soil Conservation Service in Hyattsville,
Maryland.
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The SEDEL Model has been tested for the 5 Sub-basins of AG-4 Canagagigue Creek
(Figures 11A, 11B) and the universal soil loss equation has already been described in Chapter 1.
Average values have been used for the K, L and S factors for each land use category
(crop-rotation) encountered in the sub-basins. Based on sub-basin size, a sediment delivery ratio
has been obtained for each sub-basin and for the entire watershed from the sediment delivery
ratio-drainage area curve (S.C.S., 1971).

6.2.3. Experimental Results 

Results of applying the SEDEL Model to AG-4 and AG-5 watersheds are presented in
Tables 11 and 12 respectively. Average yearly gross erosion values, delivery ratios, predicted and
measured sediment loads are shown in these two tables.

Delivery ratios for AG-4 range from 20-29% and for AG-5 from 17-31%. Predicted unit area
loadings range from 456 to 1053 kg/ha/yr for AG-4. For AG-5, this range is much larger, from 73
to 3267 kg/ha/yr.

6.2.4 Data Analysis, Interpretation and Conclusions 

Certain shortcomings of the SEDEL Model approach to sediment load prediction, mainly with
respect to delivery ratios, have been discussed by Boyce (1975). In spite of these shortcomings,
the results indicate that the Model is successful in predicting watershed sediment load for AG-4
(456 kg/ha/yr) when compared with a 2 year measured load of 475 kg/ha/yr (Table 11). The delivery
ratio of 20% obtained from the curve (Roehl, 1962) and a computed "long-term" watershed delivery
ratio of 21% (Table 8, Chapter 3) are in very close agreement. For AG-5, however, the watershed
delivery ratio obtained from the curve (17%) used in the Model is more than twice as high as a
computed "long-term" delivery ratio of 7% (Table 8, Chapter 5). This difference results in a high
predicted sediment load (737 kg/ha/yr) as compared with a measured load of 279 kg/ha/yr. If the
computed delivery ratio of 7% is used, sediment prediction for AG-5 amounts to 303 kg/ha/yr, which
is very close to the measured value of 279 kg/ha/yr. These results suggest that a delivery ratio
purely based on drainage basin size (Roehl, 1962) is not always a realistic ratio for agricultural
basins of this area (Chapter 4).

While there may be many explanations for the above results, one factor that has been
observed to be an important aspect in the transport of sediments from the land base into the stream
system is the sediment buffering capacity of permanent vegetation strips along st reams. This factor
has not been considered in the published delivery ratio curve (Roehl, 1962). As has been discussed
earlier, in Chapter 2, the buffering capacity in AG-5 is much higher than in AG-4 and this capacity
is clearly reflected in the lower computed delivery ratio value of 7% for AG-5.



47

Figure 11 A: Location of AG-4 (Canagagigue Creek) Watershed
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Figure 11B: Location of Sub-basins in AG-4 (Canagagigue Creek) Watershed
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Table 11: The prediction of stream sediment loads in AG-4 (Canagagigue Creek) with the SEDEL Model

Sub-basin
Drainage Area

(ha)
Gross Erosion

(ton/ha/yr)
Delivery Ratio

(%)

Sediment Load
Predicted
(ton/ha/yr)

Measured

1 267 2.345 29 0.602 --

2 409 3.023 26 0.785 --

3 369 1.765 27 0.478 --

4 709 4.387 24 1.053 --

5 267 2.566 29 0.743 0.8951

AG-4 2021 2.279 20 0.456 0.4752

1 Measured suspended sediment load (1976), computed by "Integration" Method
2 Measured suspended sediment load (2 year mean; May 1, 1975 - April 30, 1977) computed by "Naquadat" Method 

(Appendix 4)
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Table 12: The prediction of stream sediment loads in AG-5 (Holiday Creek) with the SEDEL Model

Sub-basin
Drainage Area

(ha)
Gross Erosion

(ton/ha/yr)
Delivery Ratio

%

Sediment Load
Predicted
(ton/ha/yr)

Measured
(ton/ha/yr)

1 273 3.237 29   0.937
ö0.329 1

2 463 3.050 26   0.792

3 197 3.388 31   1.051
ö0.3661

4 544 6.212 25   1.553 

5 332 7.286 28   2.040     --
6 342 11.669 28   3.267     --
7 437 4.474 26   1.164     --
8 343 3.503 28   0.980     --
AG-5 2931 4.330 17   0.737     0.279 2

1 Measured suspended sediment load (1976), computed by "Integration" Method
2 Measured suspended sediment load (2 year mean; May 1, 1975 - April 30, 1977) computed by "Naquadat" Method 

(Appendix 4)
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A similar pattern is observed for some of the Sub-basins of AG-4 and AG-5 for which
measured sediment loadings are available. For AG-5, Sub-basins 1-2 and 3-4 should be combined
when comparing predicted values with measured values. Indeed, when the lower computed delivery
ratios for these Sub-basins are used (Chapter 5) instead of published ratios (Table 11 and 12),
predicted sediment loads are much closer to the 1976 measured sediment loads.

In conclusion, the SEDEL Model can be used successfully as a method for predicting
stream sediment loads for small agricultural watersheds in southern Ontario, if locally developed
delivery ratios are used instead of published U.S. ratios. The accuracy of the Model to predict
sediment loadings for large river basins in Ontario has not been ascertained.

6.3 Sediment Transport Computer Model 

6.3.1 Background 

The Sediment Transport Computer Model has been developed by Kling and Olson (1974)
to predict long-term average yearly amounts of suspended sediment from a drainage area. The
basic framework for the Model is provided by the Universal Soil Loss Equation (Wischmeier and
Smith, 1965), used to compute potential gross soil losses from different land uses. The complete
methodology is presented and a brief outline of the approach is given below.

The drainage area is subdivided into numerous cells or landscape segments using a grid
system which adequately represents land units that control the movement of sediment. It is
assumed that  each cell drains either entirely into only one of the surrounding eight cells or into a
defined stream. Data input, data processing and  results of the Model are all based on this cell by
cell approach. A transport factor (T), very similar to a sediment delivery ratio, is incorporated into
the Model to account for the intervening deposition of sediment between the initial point of soil
detachment and the final sediment yield into a stream. T is expressed as the percentage of eroded
material that will be carried across a cell from the cell upslope and assumes values 0<T<1.0. T is
calculated for each change in slope steepness from cell to cell, according to the following equations
for two adjoining cells (J, 14) and (L, 14):

If slope cell (J, 14)< slope cell (L, 14), 
then:

T = cell (J, 14) / cell (L, 14)
but if slope cell (J, 14) > slope cell (L, 14)
then: T = 1.0
where: cell (J,  14) = slope factor of immediate cell and 

cell (L, 14) = slope factor of adjacent upslope cell.
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An ephemeral drainage network system is developed for combining the cell to cell routing
of eroded material across the landscape to the point (end-cell) where it arrives at a defined
drainage channel or stream. As soon as sediment enters the stream system, the Model assumes
T = 1.0. This means that the summation of all the amounts of sediment entering the streams at
different locations is equal to the total amount of sediments leaving the drainage area.

Gross erosion is calculated for each cell after the cell to cell routing of the eroded material
has been established. The net erosion is an estimate of sediment yield from an area or ephemeral
drainage net (group of cells) to the stream. Net erosion is calculated for each ephemeral drainage
net sequentially downslope by accumulating the sum of gross erosion or the product of gross
erosion times the respective transport factor. The following equation is an example of this
calculation at a point J in an ephemeral drainage net (Kling and Olson, 1974):

Net erosion = (Gross erosion + "T")   x    Net erosion
  (cell J)        (cell J)      (cell J, J+1) (cell J + 1)

Total net erosion of the drainage area is calculated by summing the net erosion values from
all ephemeral drainage nets. The partial effect is a value which approximates the actual net yield
that is transported to the stream from each cell. It is the proportion of the gross erosion that reaches
the streams after deposition of sediment during overland flow has been accounted for.

A mapping program, incorporated into the model, can produce maps that show on a cell by
cell basis the spatial distribution of different preselected sediment load categories. By this method,
erosion areas within a watershed can easily be located and identified on the map, e.g. areas with
high sediment outputs.

The Model also provides a method for evaluating the effects of changes in land use and
cultivation practices on sediment losses, which will be discussed in Chapter 8.

6.3.2 Data Collection Methods  
Sediment Load Prediction

The Model has been used to predict average yearly sediment yields in two detailed study
watersheds: AG-4 Canagagigue Creek and AG-5 Holiday Creek. The basic input data for the Model
have been obtained from four map sources:

-  topographic maps;
-  soil maps (Acton, 1978);
-  land use maps (Chapter 3);
-  drainage maps (from field observations).
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All maps have been redrawn to a common mapping scale of 1:15,840 (4" - 1 mile). A ½  inch (12.5
m) cell grid has been superimposed over the maps, so that each cell is 4 ha (10 acres) in size at
the 1:15,840 map scale. For each cell, the following information has been recorded:

- cell identification number;
- sub-basin number (Figure 11 and 12);
- soil erodibility "K" values for each soil type;
- slope length "L" measured on topographic maps from the centre of each cell downslope

 to boundary of first mapped slope change;
-  slope gradient "S" of the soil mapping units;
-  cropping-management factor "C" for different land uses;
-  distance from channel or stream;
-  drainage vector, indicating in what down-slope cell the up-slope cell drains, determined

by a combination of drainage maps, topographic maps and detailed information on
contributing areas (Chapter 5).

Long-term average yearly rainfall "R" factors for both watersheds have been determined
from the R-factor map for southern Ontario (Figure 2). To verify the Model results, measured
sediment loads for a 2 year period (Naquadat) have been used for AG-4 and AG-5 basins.

Sediment Mapping 

Data input for the sediment mapping program has consisted of results of the final analysis
of the Sediment Transport Computer Model using a modified T-factor. The Model has been
programmed to punch data cards for use in the mapping routine with the following information:

- cell identification
- gross erosion
- net erosion and
- partial effects. The net sediment load of each cell is classified in one of the following

sediment producing classes:   0, 0-4, 4-8, 8-16, 16-24, 24-32, 32-40, 40 ton.

By assigning each erosion class a symbol, a map showing the spatial distribution of net
sediment loads is generated by the Computer Model.

6.3.3. Experimental Results  
Sediment Load Prediction

In order to have the Sediment Transport Computer Model successfully operated at other
facilities using data from a different geographic area, a number of test runs have been necessary,
resulting in modifications and adjustments of some factors in the Model (e.g. rainfall, “C” values
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Figure, 12A: Location of AG-5 (Holiday Creek)
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Figure 12B: Location of Sub-basins in AG-5 (Holiday Creek) Watershed
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slope). The Model has been used for sediment yield prediction for Sub-basins of AG-4 and AG-5
watersheds with the results presented in Table 13 and 14. Location of Sub-basins is depicted in
Figures 11 and 12.

Both Tables 13 and 14 indicate high predicted sediment loads compared with the measured
loads. In other words the total amount of sediment entering the stream system, expressed as a
percentage of gross erosion, indicates average T-values (or: watershed delivery ratios) of 75% and
46% for AG-4 and AG-5 respectively. For basins of this size (20-30 km2) these delivery ratios are
considered too high compared with either delivery ratios reported in the literature (Roehl , 1962) or
with computed delivery ratios (Chapter 5). A close look at the data reveal that the transport factor
"T" has been estimated to be too high. Such estimation has been repeatedly caused by either a
minimum or a lack of slope variation when the eroded material moves overland from cell to cell.
Indeed, for both watersheds, the majority of the land  slopes have been mapped in the 0.5 - 2% and
2 - 5% classes (Acton, 19 78) . Also, a lack of variation in slope is reported by Kling and Olson
(1974) as one of the reasons the Model over-estimates measured sediment yield for a drainage
basin with less distinct topography than the area for which the Model has been developed. To
eliminate this problem, a modified T, developed by the original authors, can be generated. This
modification is based on a distance function whenever slope gradients of two adjacent cells in the
ephemeral drainage networks are the same. For these conditions, T is set equal to an inverse
function of the cell distance from a defined drainage channel. Results of the Model with the modified
T-factor are also presented in Table 13 and 14. It is obvious from these Tables that compared with
the T factor based purely on slope, the modified T results in large reductions in the predicted
sediment loads for AG-4 and AG-5, (51% and 66% respectively). Available measured sediment
loads are also presented in Tables 13 and 14.

Sediment Mapping 

Computer mapping results of eight categories of partial effects (net sediment yield
transported to the stream from each cell) for AG-4  and AG-5 are presented in Figures 13 and 14.
From these figures, the proportion of total watershed area for each category has been determined
and is expressed as a percentage. The distribution is graphically summarized in Figures 15 and 16.

Since the total amount of sediment output from the entire basins AG-4 and AG-5 can be
predicted by the model, the proportion of total watershed loading for each sediment producing
category can be computed. A first approximation has been made by multiplying the sediment
producing class midpoints by the corresponding land area for each class. However, the sum of the
computed loadings for the eight classes is much higher than the total sediment output predicted by
the model.
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TABLE 13: The Prediction of Stream Sediment Loads in AG-4 (Canagagigue Creek) With the Sediment Transport Computer Model

Sub-basin
Drainage Area

(ha)

Predicted Sediment Load Measured Sediment
Load

(ton/ha/yr)
"T" Based On Slope

(ton/ha/yr)
Modified "T"
(ton/ha/yr)

1 267 1.873 0.648 ----

2 409 1.968 0.790 ----

3 369 2.048 1.206 ----

4 709 2.847 1.437 ----

5 267 2.250 1.174 0.8951

AG-4 2021  2.320 1.125 0.4752

1 Measured suspended sediment load (1976), computed by "Integration" method
2 Measured suspended sediment load (2 year mean; May 1, 1975 - April 30, 1977) computed by "Naquadat" method
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TABLE 14: The Prediction of Stream Sediment Loads in AG-5 (Holiday Creek) With the Sediment Transport Computer Model

Sub-basin
Drainage Area

(ha)

Predicted Sediment Load Measured Sediment Load
(ton/ha/yr)

"T" Based On Slope
(ton/ha/yr)

Modified "T"
(ton/ha/yr)

1 300 1.538 0.283
0.329

2 462 1.884 0.739

3 223 1.619 0.249
0.366

4 539 3.391 1.065

5 340 2.168 1.081 ----

6 352 2.372 0.723 ----

7 445 1.885 0.482 ----

8 369 3.033 1.245 ----

AG-5 3030  2.327 0.776 0.279

1 Measured suspended sediment load (1976), computed by "Integration" method
2 Measured suspended sediment load (2 year mean; May 1, 1975 - April 30, 1977) computed by "Naquadat" method
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Figure 13 : Predicted Spacial Distribution Of Stream Sediment Generation In AG - 4
Canagagigue Creek
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Figure 14: Predicted Spacial Distribution Of Stream Sediment Generation In AG - 5 Holiday
Creek
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Figure 15: Distribution of the Magnitude and Watershed Area of Eight Sediment Producing Categories in AG-4 (Canagagigue Creek)
Watershed
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Figure 16: Distribution of the Magnitude and Watershed Area of Eight Sediment Producing Categories in AG-5 (Holiday Creek)
Watershed
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Inspection of the data reveals that the number of cells within each category is not normally
distributed, but positively skewed. To account for this skewness, the class midpoints minus 1 have
been used to compute the distribution of total watershed sediment production. With this adjustment
the summation of computed loadings by category equals the total predicted values. The percentage
of the annual sediment load contributed by each of the eight sediment load class are also depicted
in Figure 15 and 16 for AG-4 and AG-5 respectively.

6.3.4 Data Analysis, Interpretation and Conclusions 
Sediment Load Prediction

On a watershed basis, Tables 13 and 14 indicate that the Sediment Transport Computer
Model overestimates measured sediment loads by 137 and 178% for AG-4 and AG-5 respectively.
Several reasons for this overprediction by the Model are suggested.

Sediment loadings predicted by the model are long-term average yearly sediment values.
Long-term refers to the rainfall factor "R", which represents an average yearly value of at least 22
years of record. The longterm predicted sediment loads are then compared with 2 years of
measured sediment load data. Since rainfall amounts and intensities can be very variable from year
to year, the limitations of this comparison are apparent.

The size of data acquisition cells of 4 ha (10 acres) has been initially chosen to minimize
variation within cells compared to variation among cells. It is quite possible however, that variability
among cells in AG-4  and AG-5 watersheds is less than was anticipated. This has already been
observed with respect to slope, affecting the T-Function in the model. The original author has
indicated that selection of the initial cell size is very critical to the successful application of the
Model to a watershed (Kling, 1974). Time limitations have prevented experimentation with different
cell sizes to improve Model results.

The limited amount of measured sediment load data in Tables 13 and 14 indicates that at
least on a subwatershed basis, the Model seems to be predicting sediment loads better than for
the entire watersheds. Predicted values, however, are consistently higher than the single year of
measured sediment loads.

Sediment Mapping 

The Sediment Transport Computer Model can also be used to make valuable interpretations
with respect to the mapping of sediment producing areas.
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A comparison of AG-4 and AG-5 (Figures 15 and 16) indicates a marked difference in the
distribution of total watershed sediment production and watershed area for each of the 8 sediment
producing categories. The highest sediment producing categories (>24 ton/4ha cell) account for
about 32% of the total watershed sediment output in AG-5, but only for 5% in AG-4. The 3 highest
categories, however, occupy only about 2% of the total watershed area in both AG-4 and AG-5.
Most of the sediments (85%) in AG-4 are produced in the 3 sediment categories that range from
4-24 ton/4ha cell; while for AG-5, 45% of the total watershed sediment output comes from the same
3 categories. These 3 categories occupy half of the total watershed area in AG-4, but only 16% of
the watershed in AG-5. In AG-5 (72%) has been mapped as the 0-4 sediment producing category,
while the same category in AG-4 amounts to 47% of the watershed area.

Some implications of these results with respect to reducing watershed sediment loads are
discussed later in Chapter 8.

The maps (Figures 13 and 14) also provide information as to the spatial distribution of
sediment producing cells in relation to the drainage network. Where are the high sediment
producing cells and low producing cells located with respect to proximity to streams and
waterways? To answer this question, each sediment producing category (Figures 15 and 16) has
been analysed to determine the number of cells that are either dissected by the stream system or
cells that are directly bordering the streams. The number of cells have been expressed as a
percentage of the total number of cells in each category. Results of this analysis are summarized
in Tables 15 and 16.

For both watersheds AG-4 and AG-5, the general trend is that the higher the sediment
producing category, the more cells in each category are located at or near the stream system. In
other words, the higher the sediment producing areas are found closest to the streams, Tables 15
and 16 show that for each of the sediment producing classes, a consistently larger proportion of
the area in each class is located in close proximity to streams in AG-4 than in AG-5. Tables 15 and
16 also indicate that in AG-5, 48% of the area producing 4 ton/4ha cell (1 ton/ha/yr) of sediment is
located in close proximity to the streams. For AG-4, this amounts to 55%. The entire area (100%)
producing an average of more than 6 ton/ha/yr (24 ton/4ha cell) of sediments for AG-4 and AG-5
is located at or near stream channels and waterways.
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Table 15: Cells in proximity to streams for AG-4 Canagagigue Creek

Sediment Producing
Category (ton/cell)1

Total Number
Of Cells

Cells Dissected By   Or   Directly Bordering Streams
Number  % Of Category Total

0- 4 234  30 13
4- 8 149  77 52
8-16 79 41 52
16-24 21 17 81
24-32   2   2 100  
32-40   0   0 100  
>40   2   2 100  

ALL CELLS >  4 253  139  55
ALL CELLS >  8 104  62 60
ALL CELLS > 16 25 21 84
ALL CELLS > 24   4   4 100  

1 Each cell has an area of 4 ha



66

Table 16: Cells in proximity to streams for AG-5 Holiday Creek

Sediment Producing
Category (ton/cell)1

Total Number
Of Cells

Cells Dissected By Or Directly Bordering Streams

Number % Of Category Total

0- 4 535  -- --
4- 8 51 10 20
8-16 45 22 49
16-24 19 12 63
24-32 10 10 100  
32-40   3 2 66
>40 10 10 100  

ALL CELLS >  4 138  66 48
ALL CELLS >  8 87 56 64
ALL CELLS > 16 42 34 81
ALL CELLS > 24 23 22 96

1 Each cell has an area of 4ha



67

The following conclusions are offered regarding the application of the Sediment Transport
Computer Model:

- The Model consistently overpredicts sediment loads in AG-4 and AG-5 watersheds
with little or no calibration. One of the major limitations of validating long-term
predicted Model results is the 1 or 2 years of measured suspended sediment loads
available.

- If cell sizes are carefully tuned to physiographic variability in the watershed for which
the Model is being used, the Sediment Transport Computer Model appears to have
potential for future use in watersheds of similar or smaller sizes.

Despite the overprediction of sediment by the model, relative comparisons of results of
sediment producing areas are very useful. Results indicate that:

- The higher sediment producing areas in both watersheds (AG-4, AG-5) are located
closest to the streams. This observation is more pronounced in AG-4 than in AG-5
watershed.

- Highest sediment producing categories (cells >24 ton/4ha cell) account for about
32% of the total watershed sediment output in AG-5, but only for 5% in AG-4. These
high sediment producing areas, however, occupy only 2% of the total watershed
area in both AG-4 and AG-5.

6.4 Universal Soil Loss Equation 

6.4.1 Background 

Some investigators have successfully explored the possibility of using the U.S.L.E. and
delivery ratios to predict watershed sediment yield (Taylor, 1970; Williams and Berndt, 1972).
Williams and Berndt have extended the U.S.L.E. for use on watersheds by modifying the soil,
topographic and management factors. This simple approach for sediment load prediction uses
delivery ratios based on either computed values or derived from the published delivery ratios versus
drainage basin size curve (Roehl, 1962; S.C.S., 1973, 1973b).  In this section, a similar approach
has been used to predict sediment loads for the 11 agricultural watersheds in Southern Ontario.

6.4.2 Data Collection Methods 

The method for predicting watershed sediment yield using potential sheet erosion losses
computed by the U.S.L.E. and delivery ratios is comparable with the approach taken for the SEDEL
Model for small Sub-basins. In this case, potential streambank erosion estimates (Knap, 1978) have
been added to long-term predicted watershed sheet erosion losses in order to represent watershed
gross erosion values (Table 17) . 
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For each watershed, gross erosion values have been multiplied by a watershed delivery ratio from
two different sources:

- one based on drainage basin size (Roehl, 1962; S.C.S., 1971).

- one based on drainage basin size but modified for predominant soil textures in the
watershed (S.C.S., 1973).

The theory behind this last data base is that watersheds with predominantly clay soils have higher
delivery ratios and watersheds with sandy soils have lower delivery ratios than the first data base.
Predominant soil textures of the plow layer have been obtained from Table 2. The multiplication of
delivery ratios with gross erosion results in long-term predicted watershed sediment loads.

6.4.3. Experimental Results 

Table 17 shows gross soil erosion losses for the 11 agricultural watersheds. Gross soil
erosion is the sum of long-term sheet erosion and estimates of 1976 bank erosion (Table 7).
Sediment loads have been computed using 2 different sources of published delivery ratios (A and
B) . Predicted and measured sediment loads from this table are depicted graphically in Figure 17.
This figure indicates that both sources of delivery ratios generally overpredict measured sediment
loads for the watersheds from 0-11 fold increases. The first set of delivery ratios (A) is generally
overpredicting less than the second set of delivery ratios (B).

6.4.4. Data Analysis, Interpretation and Conclusions 

The best relationships between measured and predicted sediment loads are observed for
watersheds AG-1, AG-2, AG-4, AG-10, AG-14, using S.C.S. (1971) delivery ratios (Figure 17). All
the other watersheds, however, indicate a 3-11 fold increase between measured and predicted
sediment loads, the largest increase being found for AG-6, AG-7 and AG-13. It should be
recognized that for example, a 3-4 fold difference between predicted and measured loads is less
significant for watersheds with low measured sediment loads (AG-2, 6, 7, 11, 14) than it is for
watersheds with high measured sediment loads (AG-1). Differences in predicted loadings  by the
two approaches for the same watershed are most extreme for basins with either a high clay or high
sand content in the surface soil (AG-1, AG-3, AG-7, AG-13). Such content drastically affects the
delivery ratios derived from the second source of information (S.C.S., 1973).

In summary, both series of delivery ratios result in over-prediction of measured suspended
sediment loadings. This discrepancy may be rationalized with the same reasons noted in the
previous 2 sections of this chapter, namely that 2 years of measured sediment load data is
insufficient to validate predicted loadings. Also, the published  delivery ratios, developed in specific
physiographic areas with specific soils do not appear to be applicable to small agricultural
watersheds in Southern Ontario. Unfortunately delivery ratios previously computed from
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TABLE 17: Predicted Stream Sediment Loads by the Universal Soil Loss Equation for 11 Agricultural Watersheds

Watershed

Potential
Sheet

Erosion
Losses

(kg/ha/yr)

Potential1
Streambank

Erosion
Losses

(kg/ha/yr)

Gross2

Erosion
(kg/ha/yr)

Drainage
Area

(sq. miles)

Delivery
Ratio
(D.R.)

Sediment Loadings (kg/ha/yr)

Predicted Measured 5

(Gross Erosion X D.R.)
A3 %      B4 A3 B4

AG-1 6574 286  6860 19.6 15 30 1029  2058 906
AG-2   984 20 1004 30.5 14   7 141   70 146
AG-3 5752 29 5781 23.9 15 21 867 1214  219
AG-4 2086 241  2327   7.2 19 25 442 582 475
AG-5 3739 10 3749 11.6 17 22 637 825 279
AG-6 3980 14 3994 21.1 15 18 599 719   63
AG-7 5676 18 5694 21.8 15 10 854 569   87
AG-10 1055 18 1073 11.7 17 30 182 322 282
AG-11 2997 93 3090   9.2 18 26 556 803 158
AG-13 7252 56 7308   7.7 19 10 1389  731 245
AG-14 1244 94 1338 17.4 16 25 214 335 134

1 From Table 7 Chapter 4
2 Gross erosion is the series of potential sheet erosion losses and potential streambank erosion losses 
3 Delivery ratios based on drainage basin series (Roehl, 1962; S.C.S., 1971)
4 Delivery ratios based on drainage basin series, but modified for predominant watershed soil textures (S.C.S., 1973) 
5 "Naquadat" method, mean of 2 years data (May 1, 1975 - April 30, 1977)
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Figure 17: Relationship Between Measured and Predicted Sediment Loads by the Universal
Soil Loss Equation for 11 Agricultural Watersheds in Southern Ontario
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gross erosion and measured sediment yield data (Chapter 5, Table 8) could not be used for
predicting sediment loads, since they were based on the same set of data.

Considering the limitations of both predicted and measured sediment loads, the simple
method of using the Universal Soil Loss Equation to predict sediment loads appears to have
potential for future use in watersheds of similar size, particularly if better delivery ratios specific for
southern Ontario were developed. With readily available data on soils, land use and topography,
it also appears that this method of suspended sediment load prediction has potential for larger
basins in the Canadian Great Lakes Drainage Basin for which no measured sediment load data is
available.
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7.0      SEDIMENT CONTRIBUTING AREAS IN AGRICULTURAL AREAS

7.1 Introduction 

During the transport phase of the soil erosion process, deposition of eroded materials may
take place (e.g. in depressional areas, at fence rows, along grassed buffer strips) before entrained
sediments reach the stream system. This depositional process may result in all or part of the
eroded material being deposited. When partial deposition occurs, it is usually the coarse sediments
that become deposited leaving the remaining eroding materials enriched with fine textured
sediments. As a result of depositional phenomena and closed micro drainage systems, it has been
recently suggested that only part of an agricultural landscape contributes eroded soi 1 materials
to the stream (Dickinson and Whiteley, 1970; Moore et al, 1976). These studies have also indicated
that contributing areas of a watershed are not constant, but vary over the year.

To give some insight to contributing areas in agricultural landscapes in southern Ontario,
a study was initiated with the following objective:

- to physically define the seasonal variability in sediment source areas in two
agricultural watersheds.

The study approach has involved defining and quantifying sediment source areas by field
observations during or immediately following runoff events. In addition, a Sediment Transport
Computer Model (see Chapter  6) has been used to predict sediment producing areas. Predicted
and observed sediment source areas have been compared.

Results from the two year field investigation (1975, 1976) have also been compared to
runoff producing estimates made by Whiteley (1978) .

7.2 Data Collection Methods 

A detailed field program to evaluate sediment source areas in (AG-4) Canagagigue Creek
and (AG-5) Holiday Creek watersheds was initiated in March 1975 and continued to April, 1977.
Field visits were made during or shortly after runoff - producing snowmelt and rainfall events to
define and quantify field contributing areas by onsite visual observations. For each event, the
proportion of individual fields observed to contribute runoff water was determined and noted.
Observed fields were classified into the following runoff contributing area categories:
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         0%   -   no runoff
  1 - 10%   -   low runoff
11 - 25%   -   medium runoff 26 - 50% - high runoff
>50%        -   very high runoff

For the determination of the relative amounts of sediment in runoff water leaving the
observed fields at field boundaries, grab samples of runoff water were taken in 250 ml bottles.
Water samples were analysed for turbidity (Jackson Turbidity Units). The fields were then classified
into high, medium, low and no sediment producing classes.

Selection of fields in each watershed was mainly based on accessability so that observed
fields were located at or near the roads. To determine the proportion of a landscape (watershed)
that contributes to runoff, a small representative sub-basin (about 3 km2) within each watershed
was selected in 1975 for detailed field observations (Figure 11, sub-basin 1 and Figure 12, sub-
basin 2). All fields in each of these Sub-basins were added to the already selected fields for
watershed contributing area observations. The number of fields for which runoff was observed
during the 1975 climatic events varied. During 1976, however, the field program was intensified by
emphasizing sediment source areas rather than runoff areas. This resulted in not only more fields
observed, but also in all the fields being observed for each event. In other words, a constant
number of fields were observed during every runoff producing climatic events. The number of fields
observed, including all fields from the sub-basin, during runoff events in 1975 and 1976, are
summarized below:

1975 1976

Range Mean

AG-4 5-31 14 31

AG-5 4-30 15 53

Since the individual fields observed had variable dimensions, the area of each field was
measured on aerial photographs (1:16,640 scale). Field zones varied between 1.5 and 40 ha for
both watersheds. The fixed number of fields observed during 1976 events had a total area of 163
ha (31 fields) for AG-4 and 414 ha (53 fields) for AG-5. This represented 9% and 14% of the total
watershed area for AG-4 and AG-5 respectively. During 1975, the total area observed varied for
each event, since the number of fields varied for each event. To include 1975 events for data
analysis, a minimum of 4 observed fields for each watershed and 3 fields for the sub-basin were
assumed to be sufficient. This minimum number of observed fields occurred only once (March 22,
1975). For all the other events, a larger number of fields were observed in 1975.

In order to clarify the picture of contributing areas on a subwatershed basin, field work
during the spring period of 1977 (January - April) was limited to detailed field observations in both
representative Sub-basins of AG-4 and AG-5 watersheds. The field program was discontinued in
April, 1977.
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Figure 18: Observed Contributing Areas During 1975 For AG-4 (Canagagigue Creek)



75

7.3 Experimental Results 

For each event observed in the field during 1975 and 1976, data on field contributing areas
and field zones have been analysed to determine the proportion of total field area observed in each
contributing area class. Results of this analysis are graphically presented in Figure 18 and
Appendix 7. Contributing area results are discussed in an example for AG-4 watershed during the
first 6 months of 1975 (Figure 18). The X-axis of Figure 18 represent a daily time scale, so that the
exact date of field visits can be indicated.

Observations for AG-4 during 1975 commenced after March 26th. For each field visit (runoff
event), the different runoff contributing area classes have been depicted by different graphical lines.
The vertical length of each class (or line in figure) represents the proportion of total field area
observed for that event, expressed as a percentage on the vertical axis of Figure 18. The
dimensionless scale provides comparisons of the results in 1975 (having a variable total area
observed) with the 1976 results (having a constant area observed for each event). Field visits for
which no discernible contributing runoff areas were observed have been excluded from further data
analysis. These events are indicated by a thin solid line, representing the zero on the contributing
area class. For convenient interpretation of the results, precipitation depths in millimeters
(Sanderson, 1977) are depicted as bar-graphs at the top of Figure 18. These amounts include both
rainfall and water equivalent of snowmelt. Likewise, contributing area results are presented in
Appendix 7 for 1975 for AG-4, AG-5, AG-5 sub-basin and for 1976 for AG-4, AG-5, AG-5 sub-basin
respectively.

Since fields in the selected sub-basin of AG-4 watershed were remotely located,
observations during 1975 and 1976 were not frequent enough for data analysis purposes.
Consequently, no data has been presented for the sub-basin of AG-4 watershed during that period.
Contributing areas, however, for both Sub-basins AG-4 and AG-5 were observed in detail during
January - April , 1977 and have been presented in Table 18. These events have been included in
further analysis of the data.

7.4 Data Analysis and Interpretation 

7.4.1 Contributing Area Graphs 

Results in Figure 18 and Appendix 7 indicate that field visits do not always coincide with the
peak rainstorm events, despite the fact that a farmer in each of the watersheds phoned the office
after a certain amount of rainfall took place. Field visits shortly  after runoff events have been used
to reconstruct the contributing area picture, consideration having been given to runoff and erosion
features, such as washout areas, rills and gullies (e.g. July 21, 1976 in AG-5) . The limitations of
this approach should be recognized.
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Table 18: Percentage of landscape generating fluvial sediments in Sub-basins of two
agricultural watersheds.

EVENT AG-4
(Canagagigue Creek)

AG-5
Holiday Creek

March 9,1977 5 25

March 10, 1977 5 20

March 11, 1977 5 10

March 13,1977 15 --

March 14,1977 25 --

Spring, 1977 11 18
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The graphs indicate how well runoff events correlate with precipitation. Also, the results
reveal that a certain amount of snowmelt or rainfall water is needed before field runoff occurs. This
amount varies over the season, depending on the antecedent soil moisture conditions. A good
example of this phenomenon is shown for AG-5 in June, 1975 (Appendix 7), where about 25 mm
of rainfall on wet soils resulted in high runoff amounts indicated by large areas contributing in each
class. However, the same amount and even double that amount of rainfall on dry soils in August
of the same year did not cause any observable runoff for AG-5.

7.4.2 Contributing Area Index

In order to compare different events (field visits), within or among watersheds, a single
contributing area index has been developed. The index has been computed by integrating field
areas with contributing area classes, according to the following equation:

       3 (A x M) x 100C.A.I. =   ———————— , where
                 3 A

C.A.I. = contributing area index of total area observed (in %),
A = number of hectares in each contributing area class, 
M = contributing area class midpoint (%),
E = total area observed for each event.

Contributing area index values, which are in fact area-weighted mean contributing areas,
have been computed for all snowmelt and rainfall runoff producing events observed during 1975
and 1976. Results of the computations for AG-4 and AG-5 are presented on a monthly basis (Table
19). Raw data are found in Appendix 7. Table 19 demonstrates that average monthly contributing
areas for the same watershed are highly variable from year to year during the spring
(February--April) . For example, contributing areas vary from 4-14% in the month of April in AG-4,
or from 5-22% in the month of March in AG-5. This variability is of no surprise, since contributing
areas are strongly influenced by the highly variable climatic events.

Mean annual contributing areas show the same variable trends but ones not as extreme as
for the monthly values (Table 19). The range in field contributing areas observed in any one year
is large. For example, AG-4 (1975) : 1-25%; AG-5 (1976) : 1-65%; AG-5 sub-basin (1976) : 11-72%
(table 19). Since the number of yearly observed runoff events is low (they vary between 8-11
events) , it is desirable to look at the 2 year mean watershed contributing area, which was found
to be 10% in AG-4 (17 observations) and 15% in AG-5 (21 observations). For the sub-basin of
AG-5, the 2 year mean contributing area was found to be highest i.e. 20% (17 observations).
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Table 19: Average monthly sediment contributing areas (percent) for all snowmelt and rainfall runoff producing events observed
during 1975 and 1976 for AG-4 and AG-5 watersheds.

Watershed Year J F M A M J J A S O N D
For Events

Range Mean Number Of
Observations

AG-4 1975 -* - 11 14 13  9 - 12 - - - - 9-25 13   9

AG-4 1976 - - 11   4 4 6   4 - 1 - - 1-18   7   8

AG-4 1975-76 - - 11 13 9 8   4 12 1 - - - 1-13 10 17

AG-5 1975 - - 22 12 - 17  - - - - - 6 6-25 16 11

AG-5 1976 - 6   5   2 4 - 18 65 3 - - - 3-65 14 10

AG-5 1975-76 - 6 15 10 4 17  18 65 3 - - 6 3-65 15 21

AG-5
Sub-basin 1975-76 - -   9   9 3 27 28 72 3 - - - 3-72 20 17

* Rainfall and snowmelt events without observable surface runoff (0% contributing area class) are not included in this table.
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7.4.3 Seasonal Contributing Areas 

The data in Appendix 7 have been further analysed for seasonal trends. In addition, data
for spring 1977 (Table 20) are inowluded. Results of average seasonal contributing areas are
presented in Table 20.

Table 20 indicates large variations in mean contributing areas among different seasons in
any one year (e.g. 3-24% for AG-5, 1976; 3-32% for AG-5 Sub-basins during 1976) as well as
between some seasons in different years (e.g. 4-17% winter 1976 and 1975 for AG-5). Low rainfall
frequency and rainfall amounts during the fall seasons in AG-4, AG-5 and AG-5 sub-basin,
especially during the months of November and December (Appendix 7) are expressed by the low
number of runoff producing field observations (Table 20). Hence the lowest seasonal runoff
contributing areas occur during this September - December period, varying between 1-6%. Average
seasonal contributing areas in AG-4 during the spring are higher than during the summer. This
trend is reversed for AG-5 watershed and AG-5 sub-basin. In AG-5, summer storms have been
found to be more frequent with higher rainfall amount than in AG-4, in particular during 1976,
(Appendix 7). Over the 2 year period 1975-1976 (1977), average contributing areas observed
during the spring season have been found to be the same for AG-4, AG-5 and AG-5 sub-basin
(12%). During the summer season, contributing areas in AG-5 watershed and AG-5 sub-basin are
observed to be higher (21% and 30% respectively) than for AG-4 watershed (8%).

Results of detailed sub-basin observations during the spring season of 1977 reveal that
contributing areas in AG-4 sub-basin (11%) are about the same as for the fields observed in the
watershed during 1975-1976 (12%); whereas the AG-5 sub-basin has exhibited more contributing
areas during spring 1977 (18%) than the 3 year sub-basin average of 12%.

7.4.4 Extrapolation of Results 

With respect to landuse, the subwatershed in AG-5 appears to provide a better
representation for the entire basin than the subwatershed in AG-4. The latter has a higher
percentage of grass and woodlands compared with the entire watershed AG-4. The selected fields
observed in AG-4 and AG-5 are generally felt to be a reasonable sample of the population of fields
in the entire watersheds with respect to land use, soils and topography. Consequently, contributing
area results based on these sampled fields may be used for extrapolation of results to the entire
basin of AG-4 and AG-5.

7.4.5 Contributing Areas in Relation to Sediment Producing Areas 

Since an objective of this contributing area investigation has been to define and quantify
sediment source areas in the two watersheds AG-4 and AG-5, turbidity data from grab runoff
samples have been collected in order to classify the observed fields into a high, medium, low
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Table 20: Mean seasonal sediment contributing areas (percent) for all snowmelt and rainfall runoff producing events observed during
1975-1977 for AG-4 and AG-5 watersheds and Sub-basins.

Watershed
And

Sub-basin
Year

Winter
(Jan.–April)

Summer
(May–August)

Fall
(Sept—Dec.)

Total Year
(Jan.-Dec.)

Mean
No. Of

Observations
Mean

No. Of
Observations

Mean
No. Of

Observations
Mean

No. Of
Observations

AG-4 1975 14 6 11 3 -- -- 13   9

AG-4 1976 10 4   5 3 1 1   7   8

AG-4 1975-76 12 10    8 6 1 1 10 17

AG-5 1975 17 6 17 4 6 1 16 11

AG-5 1976  4 4 24 5 3 1 14 10

AG-5 1975-76 12 10 21 9 5 2 15 21

AG-4
Sub-basin

1977 11 5 -- -- -- -- -- --

AG-5
Sub-basin

1975 13 4 27 4 -- -- 20   8

AG-5
Sub-basin

1976   4 3 32 5 3 1 20   9

AG-5
Sub-basin

1977 18 3 -- -- -- -- -- --

AG-5
Sub-basin

1975, 76,
(77)

12 10 30 9 3 1 19 20
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and no sediment producing class. Analysis of these data for each event reveals a scatter of turbidity
values bearing no relationship with observed runoff contributing areas. This turbidity information
has therefore been used in a general qualitative way to support field observations about the
magnitude of sediments carried by runoff water leaving the fields.

With few exceptions, runoff contributing areas during the spring period (January-April) carry
sediments from the field via an active drainage system of waterways, roadside ditches, intermittent
streams and ephemeral streams, into the main channel. This spring period has been observed (i.e.
through turbidity measurements) to have a high delivery of sediments from the fields into the stream
sytem, mainly due to frozen soil or high antecedent soil moisture conditions and a lack of effective
ground cover trapping soil material during the transport phase of the soil erosion process.
Consequently, the runoff contributing areas observed during this period may be considered as
sediment producing areas.

During the summer period (May-August), however, turbidity data indicate generally low
amounts of sediment or often no sediments at all in runoff water leaving the fields. Even if sediment
loaded runoff water during high rainfall events leaves the fields, it has been observed that most of
the sediments are being trapped in transport through well vegetated surface drainage systems
before reaching the main channel. In other words, a low delivery of sediments from the  land base
to the stream system takes place during this period, partly caused by a good vegetation soil
protection. Consequently, runoff contributing areas observed during the summer and fall periods
are considered as potential sediment producing areas, rather than actively sediment producing
areas.

7.5 Conclusions 

This two year study (1975, 1976) regarding areas that contribute sediments into the streams
has revealed that on the average about 10% of the watershed area in AG-4 and 15% of AG-5 has
the potential of contributing to stream sediment loads during the year.

Under high soil moisture conditions, such as the winter season (January-April),
characterized by a high delivery of sediment loaded runoff water to the stream system, average
sediment producing areas have been found to be 12 of the total watershed area for AG-4, AG-5 and
AG-5 sub-basin. Areas contributing to runoff during the summer (May-August) under low soil
moisture conditions are lower for AG-4 (8%) than during the spring, but higher for AG-5 (21%) and
still higher for AG-5 sub-basin (30%) due to extremely high rainfall events during the summer of
1976.Contributing areas during the fall season (September-December) have been found to be
lowest, ranging between 0-5% of the areas of AG-4 and AG-5 watersheds.
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Since runoff water during the summer and fall season is observed to be carrying no
sediment or low sediment amounts that become trapped before reaching the stream system, areas
observed to contribute to runoff during these seasons are considered as potential sediment
producing areas rather than active sediment producing areas.
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8.0     THE REDUCTION OF SOIL EROSION AND FLUVIAL SEDIMENT LOADS

8.1 Introduction 

In this chapter, several schemes for reducing soil erosion and sedimentation in small
agricultural watersheds are discussed.

Two of the methods employed earlier in the investigation are readily adaptable to the
assessment of remedial measures for soil erosion and sediment control. The first of these methods,
the Sediment Transport Computer Model, has been used to evaluate the effectiveness of reducing
soil loss from areas with the highest unit area loadings on total watershed sediment loads. In
addition, simulation techniques with the Sediment Transport  Computer Model have been used to
evaluate the effects of different land uses and erosion control practices in reducing predicted
watershed sediment yields. A second method used to assess the effects of remedial measures on
soil erosion (e.g. minimum tillage, cross slope farming, strip cropping) is also discussed in this
chapter.

8.2 Sediment Transport Computer Model: Effects of reducing soil loss from  the most erosion
sensitive areas on watershed sediment loads

8.2.1 Data Collection Methods 

Data collection and methodology for mapping sediment-producing areas by the Sediment
Transport Computer Model have been discussed in Chapter 4.

8.2.2 Experimental Results 

Results from the mapping of sediment-producing areas in AG-4 and AG-5 watersheds have
been presented in Figures 15 and 16 of Chapter 6. For the purpose of evaluating the effects of
reducing soil loss from sediment-producing areas on total watershed sediment loads, results in
Figure 15 and 16 of Chapter 6 have been subjected to further analysis. Beginning with the highest
sediment-producing class (>40 ton/cell), the cumulative percent of both the predicted loading rates
and aerial distribution for the eight sediment-producing categories have been computed. The results
of these computations are presented in Tables 21 and 22.



84

TABLE 21: Aerial Distribution and Loading Rates for Different Sediment Producing Categories in AC-4 (Canagagigue Creek)

Sediment Producing
Category
(ton/ha/yr)

Cumulative Sediment
Producing Areas

Cumulative Predicted
Sediment Loads

(%)(ha) (%)

>10    8   0.5  3

> 6  16 1  5

> 4 101 5 22

> 2 421 21 57

> 1 1025   51 90

    >0.1 1973   98 100  
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TABLE 22: Aerial Distribution and Loading Rates for Different Sediment Producing Categories in AG-5 (Holiday Creek)

Sediment Producing
Category
(ton/ha/yr)

Cumulative Sediment
Producing Areas

Cumulative Predicted
Sediment Loads

(%)(ha) (%)

>10 40 1 17

> 8 53    1.3 21

> 6 93 2 32

> 4 170  5 47

> 2 352  11  66

> 1 558  18  77

  > 0.1 2725   90  100  
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Also, the data points from both tables have been used to plot cumulative sediment-producing areas
against cumulative predicted watershed sediment loads. Lines connecting these data points for
AG-4 and AG-5 watersheds are presented in Figure 19.

8.2.3 Data Analysis and Interpretation 

Tables 21 and 22 show the effectiveness of controlling different levels of sediment
production. In AG-5,  17% of the total predicted watershed sediment load could be reduced by
controlling the highest sediment-producing class (>10 ton/ha/yr) to low levels, assumed at <1
ton/ha/yr. This constitutes an area of 40 ha in close proximity to the streams. When all areas
producing >8 ton/ha/yr of sediments (53 ha) are reduced to a low level of <1 ton/ha/yr, watershed
sediment output could be reduced by about 21. Reducing watershed sediment loads by about 20%
in AG-4 Canagagigue Creek implies controlling sediment production on an area of about 100 ha
(Table 21) .

Figure 19 shows the relationship between sediment-producing areas and sediment loads
for AG-4 and AG-5, as a means of assessing the relative distribution of sediment source areas. It
is apparent from Figure 19 that AG-5 requires the application of remedial measures to a greater
land area in order to reduce sediment loads by an equivalent percent on AG-4. For example, to
reduce watershed sediment loads by half, remedial measures need to be instituted on only 6% of
the watershed area in AG-5; while for AG-4, 16% of the area requires treatment for the same
reduction in sediment load (50%).

The previous discussion on the effectiveness of controlling different levels of sediment
production in reducing watershed sediment load was based on the assumption that the
sediment-producing categories were reduced to a low level (<1 ton/ha/yr) of sediment production
with the highest sediment-producing category (>10 ton/ha/yr) considered initially and progressing
to the lowest sediment producing category (<1 ton/ha/yr). No attempt has been made to evaluate
the effectiveness of reducing sediment loads (e.g. 25%, 50%) of a particular sediment-producing
class by a fixed percentage.

8.3 Land Use And Erosion Control Simulation 
8.3.1 Data Collection Methods 

Simulation techniques with the Sediment Transport Computer Model have been used to
evaluate the effects of different land uses and erosion control practices in reducing predicted
watenshed sediment yields. Model input values for the cropping-management "C" factor and the
erosion control practices "P" factor under present land use conditions have been replace by newly
computed values reflecting simulated conditions. The following simulated land uses and erosion
control practices have been considered:
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Figure 19: Relationship Between Sediment Producing Areas and Predicted Watershed
Sediment Loads
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 C     P    
- fallow plowed 1 1
- entire watershed in forest cover 0.02 1
- all arable land in permanent pasture 0.03 1
- all arable land in continuous grain corn, fall plowed 0.45 1
- end cells of ephemeral drainage nets in permanent pasture 1
- cross slope farming 0.75
- contour farming 0.50
- strip cropping, across the slope 0.37
- strip cropping, on the contour 0.25

8.3.2 Experimental Results 

Results of simulated land use and erosion control practices for AG-4 and AG-5 are
presented in Table 23. This table indicates the effectiveness of each practice in reducing watershed
sediment yields from current land use (fall plowed) and cultivation practices assumed to be
up-down slope farming - fall plowed. With a few exceptions reductions in predicted watershed
sediment loads are the same or about the same for both AG-4 and AG-5.

8.3.3 Data Analysis and Interpretation 

Precultural levels of sediment yield in AG-4 and AG-5 were computed by assuming a
complete forest cover (C value of .02). Table 23 indicates that under these simulated conditions,
sediment yields in AG-4 were only 17% and in AG-5 only 9% of sediment levels found under
present land use conditions.

Similarly when the cultivated land area, which is the total watershed area excluding
permanent pasture and woodlands (81% of total watershed area for both AG-4 and AG-5) was
assumed to have a permanent grass cover, the sediment load in both areas showed a potential
reduction of 75% - 87% of sediment levels found under current land use conditions. Permanent
grass cover is a very effective method for erosion and sediment control; but unrealistic from an
agronomic point of view since croplands are taken out of production.

When all cultivated land was assumed to have grain corn (with conventional fall plow tillage)
to simulate present trends towards more continuous row cropping systems in Ontario current
predicted sediment loads were computed to increase by more than 3 fold for AG-4 and by 45% for
AG-5. The dramatic increase for AG-4 is caused by the absence of continuous corn under the
present cropping system.
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Table 23: Effectiveness of Simulated Land Uses and Erosion Practices in Reducing Sediment Loads in AG-4 
(Canagagigue Creek) and AG-5 (Holiday Creek) Watersheds

Land Use 
Sediment Yield Reduction Compared With

Current Land Use And Cultivation Practices 
(%)

AG-4 AG-5

Current land use, fall plowed   0  0

All cultivated land in permanent Pasture 75 87

Complete forest coven 83 91

All cultivated land in continuous grain corn 3001 451

EROSION CONTROL PRACTICE

Current cultivation practice, up-downslope, fall plowed   0  0

Currentland use,spring plowed 24 15

End cells in permanent pasture 32 18

Cross slope farming 25 25

Contour farming 50 50

Strip cropping,across the sloPe 63 63

Strip cropping, on the contour 75 75

1 Figure represents an increase, rather than a reduction
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Several control practices were also evaluated for their potential to reduce watershed
sediment loads. This evaluation was accomplished by assigning to the erosion control factor "P"
in the U.S.L.E. an empirical value that reflects each of the following four control practices: cross
slope and contour farming, both with and without strip cropping. Since values are the same for both
AG-4 and AG-5 watersheds, the potential reduction in sediment yield also remains the same.

Table 23 demonstrates that without strip cropping, contour farming is twice as effective as
simple cross slope farming in reducing predicted sediment yields from the current practice of
updown slope farming by about half. Wischmeier and Smith (1965) have found that contouring
appears to be most effective on slopes in the 3-7% range. For steeper slopes, a more effective
method could be used by planting alternate strips of grass and row crops or small grains across the
slope or on the contour.

Results of the computer simulation indicated that these practices, called strip cropping, may
reduce sediment yields from updown slope farming by 63-75% (Table 23). Strip cropping with grass
and/or legume crops provides for greater infiltration of runoff water and deposition of eroded
material.

Cross slope farming creates small ridges and depressions that reduces runoff.In spite of the
fact that areas with complex  slopes may preclude across slope planting, this method, with or
without strip cropping, is more feasible and easier to adopt than contour farming, since following
field contour lines with mechanized multiple row equipment can be cumbersome and time
consuming.In addition, farm operations may be hampered by narrow rows and point rows
(Jacobson, 1969).

Simulation techniques also reveal that when areas (4 ha cells) in the watershed where
overland flow reaches a stream-channel (end of ephemeral drainage nets) are assumed to be a
grass cover, the trapping of sediment in these areas results in reductions of average yearly
sediment loads by 18% and 32% for AG-4 and AG-5 watersheds respectively. The disadvantage
of this practice is that areas of prime agricultural land may be taken out of production at the farmer's
expense.

When fall plowing of the land is delayed till spring, computed field erosion and sediment
yields were reduced by 24% and 15% for AG-4  and AG-5 respectively. This practice results in crop
residues remaining on the land to form an effective soil cover against the forces of raindrop splash
and overland flow from runoff water.

Since the transport factor "T", which has been based on topographic differences, is not
influenced by the computer Model simulations, the effectiveness of erosion control practices in
reducing watershed sediment loads is the same for reducing potential erosion losses.
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8.4 Effectiveness of Conservation Tillage in Reducing Soil Erosion

8.4.1 Background 

Soil erosion losses can also be reduced by conservation tillage practices. For use in the
U.S.L.E., Wischmeier (1973) has developed new soil loss ratios for conservation tillage practices
in a continuous corn crop for crop stage periods 1, 2 and 3, which are the seedling, the
establishment of the crop, the growing and maturing periods respectively. Soil loss ratios are
empirical measures of the erosion control effectiveness of a particular crop, as expressed by the
cropping-management factor "C" in the universal soil loss equation (Wischmeier and Smith, 1965).
No soil loss ratios for crop stage period 4, the period from grain corn harvest in the fall to
conservation tillage operations in spring, have been presented by Wischmeier (1973), since they
vary by local parameters that influence the percentage of effective groundcover by corn residue;
e.g. yield levels, residue losses during winter.

8.4.2 Data Collection Methods 

Average values of published soil loss ratios for crop stage periods 1, 2 and 3 were used for four soil
conservation tillage practices, including zero tillage, disk and plant, chisel plow with points and
rotary strip tillage (Wischmeier, 1973) . Soil loss ratios for crop stage period 4 have been evaluated
using average County grain corn yields for the 5 year period of 1971-1975 (Ontario Ministry Agric.
Food, 1976) to estimate the amount of residue produced by applying the rule of thumb of a pound
of residue for each pound of grain corn produced (Wischmeier, 1973). However, since residue
losses during winter can be substantial, 80% of the residue weight has been considered as an
average value for Ontario during crop stage period 4. This residue weight value has been used to
find the percentage of total field surface covered by mulch during this period (Wischmeier, 1973).
Using Wischmeier's (1973) methodology, soil loss ratios have been computed for crop stage period
4 for seven locations in southern Ontario. Conservation tillage practices and planting of corn are
performed by a single operation, eliminating the fallow period, crop stage period F, that lasts from
primary tillage operations to planting of the crop. Based on the new soil loss ratios for a continuous
corn crop,values for the cropping-management factor "C", in the U.S.L.E. have been computed.

8.4.3 Experimental Results 

Assuming other factors in the U.S.L.E. constant (rainfall, soil, topography, erosion control),
a change of value in the cropping-management factor "C" results in an equal change of value in
Potential soil loss due to the linear relationship of the "C" factor in the equation with predicted soil
erosion losses. Consequently, only values for the cropping-management "C" factor are reported.
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Results of the computations of cropping-management values under a continuous grain corn
cropping system for the four tillage treatments in seven locations in Southern Ontario are presented
in Table 24. For evaluation of the degree of effectiveness of the four conservation tillage practices
in reducing potential soil erosion losses from a grain corn crop, the average reduction in
cropping-management values have been expressed as percentages of the control, which is fall
plowed conventional tillage (Table 24).

8.4.4 Data Analysis and Interpretation

Table 24 indicates that zero-tillage is the most effective (79%) conservation tillage practice
in reducing potential soil loss. This value (79%) is in close agreement with findings from a zero till-
age study in the U.S. (U.S.D.A., 1975). Zero tillage involves no seedbed preparation other than
planting in narrow slots (6 cm) opened by a fluted coulter. Zero tillage does not incorporate any
residue, leaving it distributed over the soil surface throughout the year. This residue creates
maximum soil protection against the erosive forces of raindrop impact and runoff water during the
highly vulnerable crop-establishment period and is also effective during the growing season but to
a lesser degree after harvest.

The next most effective soil conservation practice in reducing potential soil loss (70%) from
the present system of conventional tillage is the disk and plant treatment, using a no-till planter in
disked corn residue (Table 24). This practice leaves the soil surface rough with a small amount of
residue incorporated, providing some less protective residue cover than the zero tillage method.

Rotary strip tillage has the potential of reducing soil loss from conventional tillage by about
half (Table 24). Rotary strip tillage prepares seed rows of 20 cm wide and 10 cm deep, leaving the
inter-row space in the original condition. Rotary tillage loosens the soil, makes it finer by breaking
soil aggregates and mixes about 1/3 of the residue with the surface soil (Oschwald, 1973). This
practice results in a greater erosion potential than previous treatments, since a smaller percentage
of the total field surface is covered by mulch.

Computations indicate that the use of a chisel plow with points to 20 cm deep previous to
planting corn is the least effective practice to control agricultural erosion (Table 24). Chisel plowing
reduces potential soil loss from conventional tillage by approximately 30%.Chisel plowing disturbs
more soil and incorporates more crop residues than any of the three previous conservative tillage
practices.
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Table 24: Computed Cropping Management "C" Values for Four Conservation Tillage Practices1

Zero Tillage Disk And Plant Rotary Strip Tillage
Chisel Plow
With Points

Mean "C" 0.0814 0.1154 0.1778 0.2684

Range 0.0780-0.0828 0.1128-0.1210 0.1735-0.1823 0.2642-0.2754

Standard deviation 0.0018 0.0027 0.0034 0.0047

Reduction from conventional fall tillage (%) 79 70 53 30

1 Data based on seven observations from different agricultural regions in Southern Ontario
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It should be noted that percentage reductions by the four conservation tillage practices
represent maximum potential values. If the same practices are performed in the fall as primary
tillage or if crops other than grain corn are considered, the reduction in soil loss is more likely to be
lower. It is anticipated that for different crops the relative potential of the conservation tillage
practices in reducing soil loss from conventional tillage will remain the same. Unfortunately, no soil
loss ratios have been developed yet to test conservation tillage for other crops than corn by this
method.

On a watershed basis, the effectiveness of conservation tillage practices depends on the
watershed area in continuous grain corn production. Since no apparent linear relationship exists
between agricultural soil loss and sediment production, the reduction in sediment production and
subsequent sediment yields in streams caused by using conservation tillage practices are expected
to be much less than for agricultural erosion.

8.4.5 Conclusions 

In this chapter, the following conclusions can be made regarding various ways of reducing
soil erosion and sedimentation in small agricultural watersheds.

- The Sediment Transport Computer Model appears to be an excellent tool for evaluating the
effectiveness of controlling different levels of sediment production in reducing watershed
sediment loads. The area of land requiring erosion control measures to reduce sediment
loads by a fixed percentage is higher in AG-4 than AG-5.

- Land use simulation with the Sediment Transport Computer Model indicates that permanent
pasture and forest cover are the most effective land uses in reducing watershed sediment
loads by 75-83% in AG-4 and by 87-91% in AG-5. These land uses are not very practical
from a farming point of view, but may have an application in active sediment-contributing
areas.

- Erosion control simulation by the Sediment Transport Computer Model indicates that cross
slope farming and contour farming have the potential of reducing watershed sediment loads
by 25-50%. These practices have been found to be more effective in combination with strip
cropping, reducing sediment yields by 63-75% in both AG-4  and AG-5 watersheds.

- Simulation techniques and sediment mapping by the Sediment Transport Computer Model
appear to be excellent tools with a great potential for use in small agricultural watershed in
southern Ontario. The time consuming detailed data input is more than justified by the
versatility of the model.
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- From the different conservation tillage practices evaluated for a continuous grain corn crop,
zero tillage has been found to be the most effective practice in reducing annual soil loss
(79%), followed by the disk-plant method (70%) . Rotary strip tillage has the potential of
reducing average annual soil losses by half and chisel plowing by about 30%.
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9.0     EXTRAPOLATION OF SEDIMENT LOADING RATES TO 
AGRICULTURAL LAND

9.1 Canadian Great Lakes Drainage Basin 

Based on representative watersheds, suspended sediment loadings (2 year mean,
NAQUADAT Method) were extrapolated spatially to the agricultural regions of southern Ontario.
The spatial distribution of suspended sediments for southern Ontario is depicted in Figure 20.

Extrapolation of sediment loadings for the total agricultural land area in the Canadian Great
Lakes Drainage Basin was attempted based on 1976 sediment loadings (NAQUADAT Method and
Integration Method). The agricultural land area is 5,165,733 ha or 22.2% of the total Canadian
Great Lakes Drainage Basin (Task B).The 11 agricultural regions in which the 11 representative
watersheds are located, occupy 61.1% of the total agricultural area. The original 21 regions at the
outset of the PLUARG program, for which some information is available, represent 83% of the total
agricultural land area. The remaining 17% is in scattered low intensity farmed areas with a relatively
low potential for sheet and rill erosion and a low potential for streambank erosion.

Figure 8 in Chapter 4 indicates that AG-1 has an average load of about 900 kg/ha. Each of
AG-4, 10, 5, 13, 3, has an average load of about 359 kg/ha and each of AG-2, 14, 6, 7, 11, has an
average load of 80 kg/ha.

An equation was developed summarizing the products of percent area represented by each
of the 3 loading categories and the loading values for each category. Consequently, the loading
from agricultural land in the Canadian Great Lakes Drainage Basin has been determined to be:

Annual unit area loading = (7.8% X 900 kg/ha) + (26.2% X 350 kg/ha) 
+ (66% X 80 kg/ha) = 70.2 + 91.7 + 52.8

    = 215 kg/ha.

When mean sediment loads (NAQUADAT Method) were used for this calculation, a similar
loading figure was obtained. In conclusion, the contribution from all agricultural lands in the
Canadian Great Lakes Drainage Basin has been estimated to have a unit area suspended
sediment load of 215 kg/ha/yr.
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Figure 20: Spatial Distribution of Suspended Sediment Loads for Agricultural land in Southern Ontario



98

9.2 Grand and Saugeen Rivers 

This section discusses results of different approaches towards sediment load prediction in
the Grand and Saugeen Rivers. Previous information and findings for the 11 agricultural
watersheds have been used for extrapolation to both river basins.

9.2.1 Regression Equation 

On the basis of generalized information for the 11 agricultural watersheds, a regression
equation was developed for watershed parameters (independent variables) and 1976 unit area
suspended sediment loads (NAQUADAT Method). The following watershed parameters were used
in the regression analysis: % Clay, % Sand, Available P (ppm), Fertilizer P (kg/ha), Manure P
(kg/ha), Total P added (kg/ha), % Hay + Pasture, % Alfalfa, % Woodlands, Row Crops, Corn,
Animal units per ha), Rural residences (houses/km2), Stream density (km/km2) .

The sediment prediction equation has the form of:

Y = -281.2 + (8.3 X % row crops) + (13.6 X % clay), in which 
  Y is the predicted suspended sediment load.

This equation indicates that sediment load is a function of % row crops and % clay in the
basins and explains 71% of the total variation in sediment load (R2 = 0.71 at P<0.05).

The equation has also been used to predict sediment loads for the much larger Sub-basins
of the Grand and Saugeen Rivers. For each sub-basin, census data for 1976 has been used to
extract % row crops and theclay was determined from the Soil Association Map  for Ontario. Results
of the suspended sediment load predictions are presented in Table 25. Location of the Sub-basins
for the Grand and Saugeen Rivers are shown in Appendix 8.

Comparison of predicted and 1976 measured suspended sediment loads for the Sub-basins
of the Grand and Saugeen Rivers (Table 25) reveals that predicted loadings by the regression
equation are lower than the measured ones, except for GR-6. The prediction for the Grand River
is much better than that for the Saugeen River and within an order of magnitude of the measured
values.

The predicted values reflect suspended sediment originating from cropland only. They do
not include other sources that might contribute significantly to the measured sediment loads in the
basins (e.g. streambank erosion, urbanization, construction). In addition,  it has been observed in
Chapter 2 that due to a relatively wet year, 1976 measured loadings might be higher than longterm
average loadings. Differences between predicted and measured suspended sediment values are
much smaller when the 2 year mean measured values (Onn et al, 1978) are used (Table 25).
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Table 25: Suspended sediment loads, Predicted for Sub-basins of the Saugeen and Grand Rivers in Ontario

Sub-basin Row Crops1

(%)
Clay
(%)

Suspended Sediment Loadings (kg /ha/yr)

Predicted Measured 2 Measured 3

Saugeen
SR-1   7.1 16.1 -4   94 102
SR- 2   7.9 16.9 14 1758  930
SR- 3   8.7 16.5 15 188 210
SR- 4 16.6 16.4 80 139   92
SR- 5   5.3 19.3 26 191 162
SR- 6 10.8 18.3 57 298 -

Grand
GR-13   7.7 20.0   55   69   51
GR-14 12.7 28.2 208 409 274
UL-22 23.3 19.0 171 915 417
GR-20 27.4 21.9 244 1240  688
GR- 6 36.5 15.3 230 145 142
GR-11 28.3 19.3 217 942 493
GR- 5 29.1 19.8 229 940 373
GR-15 28.3 20.1 227 459 332
Y =-281.2 + (8.3 x % row crops) + (13.6 x % clay)

1 Row crops include corn (silage + grain), soybeans, potatoes, tobacco, vegetables, exPressed as of total area in farmland
2 Beale ratio estimator method, for 1976 data
3 M.O.E. regression method, 2 year mean 1975-1976 (Onn et al. , 1978)
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In light of the aforementioned findings, it is concluded that extrapolation to large basins
(Grand and Saugeen Rivers) based on data collected for the small agricultural watersheds appears
to give reasonable suspended sediment load predictions. Further data on extrapolation of sediment
loads are included in the sediment integration paper (Wall et al., 1978).
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APPENDICES

APPENDIX 1

Predicted sheet and rill erosion losses for representative agricultural watersheds in 1976.

- 1976 sheet and rill erosion losses for AG-3 (Little Ausable River)

- 1976 sheet and rill erosion losses for AG-4 (Canagagigue Creek)

- 1976 sheet and rill erosion losses for AG-5 (Holiday Creek)

- 1976 sheet and rill erosion losses for AG-10 (North Creek Branch of Twenty Mile Creek)

- 1976 sheet and rill erosion losses for AG-13 (Hillman Creek, West Branch)
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1976 Sheet and rill erosion losses for AG-3 (Little Ausable River)

Month
 "R" Value Average Soil

Loss Ratios

(C)
R x C R x C

(%)

Soil Loss Adjusted For Snow

1976 Longterm (metric tons) (%) (metric tons) (ton/ha)

January 1.78 0.46 0.35 0.623 1.5 1113.8   3.5 2598.8 0.419
February 3.21 0.69 0.35 1.124 2.6 1930.5   5.6 4158.0 0.671
March 0 0.74 0.35 0 0 0 10.0 7425.0 1.198
April 19.73  4.15 0.35 6.906 16.1 11954.3 16.1 11954.3 1.928
May 8.88 4.53 0.35 3.108 7.2 5346.0   7.2 5346.0 0.862
June 12.88  9.06 0.48 6.182 14.4 10692.0 14.4 10692.0 1.725
July 60.79  15.34  0.33 20.061 46.8 34749.1 46.8 34749.1 5.605
August 10.51  15.99  0.16 1.682 3.9 2895.8   3.9 2895.8 0.467
September 17.26  8.59 0.16 2.762 6.4 4752.0   6.4 4752.0 0.766
October 1.97 3.48 0.23 0.453 1.1 816.8   1.1 816.8 0.132
November 0 1.68 0.35 0 0 0 0 0 0
December 0 1.11 0.35 0 0 0 0 0 0
Year 137.01 65.82 42.901 100.0 74250.3 115.0 85387.8 13.773
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1976 Sheet and rill erosion losses for AG-4 (Canagagigue Creek)

Month
"R" Value Average Soil

Loss Ratios

(C)

R x C
R x C

(%)

Soil Loss Adjusted For Snow

1976 Longterm (metric tons) (%) (metric tons) (ton/ha)

January 2.38 0.40 0.28 0.666   3.6 155.6 5.6 242.1 0.130
February 3.80 1.22 0.28 1.064   5.7 246.4 8.7 376.1 0.202
March 6.22 1.18 0.28 1.742   9.4 406.3 19.4  838.6 0.451
April 12.50  4.21 0.28 3.500 18.8 812.6 18.8  812.6 0.437
May 8.56 4.38 0.33 2.825 15.2 657.0 15.2  657.0 0.353
June 34.06  17.33  0.20 6.812 36.5 1577.7  36.5  1577.7  0.848
July 16.66  19.99  0.05 0.833   4.5 194.5 4.5 194.5 0.105
August 0 19.25  0.05 0 0 0 0 0 0
September 9.67 7.68 0.08 0.774   4.2 181.5 4.2 181.5 0.098
October 4.93 6.42 0.08 0.394   2.1   90.8 2.1   90.8 0.049
November 0 5.63 0.28 0 0 0 0 0 0
December 0 0.96 0.28 0 0 0 0 0 0
Year 98.78 88.65 18.610 100.0 4322.6 115.0 4970.9 2.673
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1976 Sheet and rill erosion losses for AG-5 (Holiday Creek)

Month
"R" Value

Average Soil 

Loss Ratios

(C)

R x C
R x C

(%)

Soil Loss Adjusted For Snow

(metric tons) (%) (metric tons) (ton/ha)
1976 Longterm

January   2.45 0.46 0.54 1.323 1.4 891.2 3.4 2164.4 0.721
February 0 0.69 0.54 0 0 0 3.0 1909.7 0.637
March 13.63 0.74 0.54 7.360 7.8 4965.3 17.8  11331.1  3.777
April 15.55 4.15 0.54 8.397 8.9 5665.6 8.9 5665.6 1.889
May 14.99 4.53 0.65 9.744 10.3  6556.8 10.3  6556.8 2.186
June    6.77 9.06 0.44 2.979 3.1 1973.4 3.1 1973.4 0.658
July 135.28  15.34  0.19 25.703  27.2  17315.0  27.2  17315.0 5.772
August 163.1 15.99  0.19 30.989  32.8  20879.9  32.8  20879.9 6.959
September  11.7 8.59 0.36 4.212 4.4 2800.9 4.4 2800.9 0.934
October      8.49 3.48 0.36 3.056 3.2 2037.1 3.2 2037.1 0.679
November      1.51 1.68 0.54 0.815 0.9 572.9 0.9   572.9 0.191
December 0 1.11 0.54 0 0 0 0 0 0
Year 373.47 65.82 94.579 100.0 63658.1 115.0 73206.8 24.402
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1976 Sheet and rill erosion losses for AG-13 (Hillman Creek Watershed, West Branch)

Month
"R" Value Average Soil

Loss Ratios
(C)

R x C
R x C

(%)

Soil loss Adjusted For Snow

(metric tons) (% (metric tons) (ton/ha)
1976 Longterm

January 5.32 0.53 0.45 2.394 4.4 908.8 5.4 1115.3 0.560
February 17.99  1.03 0.45 8.096 14.9  3077.5 16.9  3490.6 1.754
March 12.33  1.81 0.45 5.549 10.2  2106.8 17.2  3552.6 1.785
April 11.52  4.71 0.45 5.184 9.6 1982.8 9.6 1982.8 0.996
May 5.13 6.32 0.65 3.335 6.1 1259.9 6.1 1259.9 0.633
June 24.23  16.69  0.53 12.842 23.7  4895.1 23.7  4895.1 2.459
July 35.36  26.27  0.26 9.194 17.0  3511.3 17.0  3511.3 1.764
August 0 20.72  0.26 0 0 0 0 0 0
September 16.82  7.59 0.26 4.373 8.1 1673.0 8.1 1673.0 0.841
October 4.79 4.48 0.45 2.156 3.9   805.5 3.9   805.5 0.405
November 2.49 1.65 0.45 1.121 2.1   433.7 2.1   433.7 0.218
December 0 3.20 0.45 0 0 0 0 0 0
Year 135.98 95.0 54.241 100.0 20654.6 110.0 2272.0 11.417
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1976 Sheet and rill erosion losses for AG-10 (North Creek Branch of Twenty Mile Creek)

Month
"R" Value

Average Soil 

Loss Ratios

(C)

R x C 
R x C

(%)

Soil Loss Adjusted For Snow

(metric tons) (%) (metric tons) (ton/ha)
1976 Longterm

January 2.18 0.34 0.43 0.937 2.2 105.6 3.2 153.7 0.051
February 1.77 0.71 0.43 0.761 1.8   86.4 3.8 182.5 0.060
March 12.02  1.50 0.43 5.169 12.2  585.8 19.2  921.9 0.305
April 16.30  3.14 0.43 7.009 16.6  797.1 16.6  797.1 0.264
May 17.24  3.54 0.43 7.413 17.5  840.4 17.5  840.4 0.278
June 25.67  11.00  0.58 14.889  35.1  1685.5  35.1  1685.5  0.557
July 9.24 12.76  0.38 3.511 8.3 398.6 8.3 398.6 0.132
August 2.37 16.18  0.16 0.379 0.9   43.2 0.9   43.2 0.014
September 7.13 7.39 0.16 1.141 2.7 129.7 2.7 129.7 0.043
October 2.60 5.61 0.19 0.494 1.2   57.6 1.2   57.6 0.019
November 0 2.21 0.43 0 0 0 0 0 0
December 1.50 0.78 0.43 0.645 1.5   72.0 1.5   72.0 0.024
Year 98.02 65.16 42.348 100.0 4802.0 110.0 5282.2 1.746
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APPENDIX 2

Predicted Longterm Average Annual Sheet Erosion Losses for 
Representative Agricultural Watersheds 

- Longterm average annual predicted erosion losses for AG-2 

- Longterm average annual predicted erosion losses for AG-3

- Longterm average annual predicted erosion losses for AG-4

- Longterm average annual predicted erosion losses for AG-5

- Longterm average annual predicted erosion losses for AG-6

- Longterm average annual predicted erosion losses for AG-7

- Longterm average annual predicted erosion losses for AG-10

- Longterm average annual predicted erosion losses for AG-11

- Longterm average annual predicted erosion losses for AG-13

- Longterm average annual predicted erosion losses for AG-14
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APPENDIX 3 

Detailed Analysis of Several Computational Methods for Estimation of  Fluvial Sediment Loads 

In order to ascertain the accuracy and precision associated with the application of various
sediment loading computational methods to various sampling frequencies of suspended sediment
concentrations, the following study stages were designed and performed:

1. Three years of daily suspended sediment loading data for the Big Otter Creek in
Southern Ontario (Sediment Data for Canadian Rivers -1971, 1972, 1973) were
selected as a base population. In addition to the daily suspended sediment loads, daily
streamflow values, sampled concentration values and estimated mean daily
concentrations were available.

2. Four sampling frequencies were selected for application to the base population. These
frequencies included: (i) one concentration sample per month for only the summer
months i.e. April through October, (ii) one sample per month for the year, (iii) one
sample per week for the year and (iv) one sample per week plus one sample on each
day when the daily flow exceeded a selected extreme value. The three year population
was sampled three times at each frequency, yielding nine effective years of sampling.

3. Five computational methods were applied to the various samples of suspended
sediment concentration values in conjunction with the record of daily flows to compute
estimates of annual sediment loads. Each method is identified below:

a) Simple equation:

QS  =  c  x Q
where

QS is the estimated annual suspended sediment load,
c is the mean of the suspended sediment concentration samples

obtained during the year, and
Q is the annual streamflow.
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b) Linear interpolation:
         3 6 5
QS

    =  3 ci x Qi 
          i=1

where
QS   is as defined above,
ci is the estimated mean daily sediment concentration (i.e. the sampled value

for a sampled day, or a linearly interpolated value between sampled values
for those days when concentration was not sampled), and

Qi is the mean daily streamflow.

c) Beale ratio estimates:

Qs was estimated by the ratio estimator procedure outlined in 1977 by the IJC for
use in PLUARG activities.

d) Single rating curve:

The equation given in (b) above was used, with the ci values determined from a
sediment concentration vs streamflow rating curve determined from the sampled
concentrations for each year of sampling.

e) Moving rating curve:

This method was similar to (d) in that sediment rating curves were used. However,
many rating curves were developed for each year of sampling on the basis of small
groups of concentration samples appropriate to the particular flow conditions. This
method is essentially the same as that which has been termed the Integration
Method in this and other IJC reports.

4. The mean ratio of the estimated annual suspended sediment load to the population
suspended sediment load (i.e. Qs 

P /Qs) was determined for each sampling frequency and
each computational method as an index of the accuracy. In figure A-3.1, the summer month
sampling is coded SM, monthly sampling M, weekly sampling W, and weekly sampling
including extreme events WE. The simple equation for computing loads is referred to as
SIMPLE ANNUAL, Linear interpolation and Beale ratio estimates as such, single rating
curve as C x Q and Moving rating curve as C x (Q, season, etc.).
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5. The standard duration of the Qs 
P /Qs ratio was also determined for each sampling frequency

and each method as an index of precision. (see Figure A-3.1).

The summary of results presented in Figure A-3.1 reveal the following:
* The multiple rating curve (or integration) method is the most accurate and the most

precise method of those tested for all but the lowest sampling frequency.

* The simple annual equation is reasonably precise but very inaccurate. If the inaccuracy
were consistent from river to river, a simple correction could be applied (in light of the
precision).

* The Beale ratio estimator is reasonably accurate at the highest sampling frequencies,
is the only method to overpredict on the average at the highest frequency and is the
least precise of the methods tested. This last observation is critical when the method is
applied to only one or two years of data.

* The linear interpolation and single rating curve are reasonably accurate and moderately
precise at the highest sampling frequencies.
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Figure A-3.1: The mean and standard deviation of the ratio Qs 
P /Qs as indices of the accuracy and precision of various sampling

frequencies and computational methods for determining sediment loads.
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APPENDIX 4 

Measured Monthly Suspended Sediment Loads for 11 Agricultural Watersheds and 4
Sub-basins of AG-4 and AG-5 (kg/ha/1976).
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APPENDIX 4: Measured Suspended Sediment Loads by Month for 11 Agricultural Watersheds 1 and 4 Sub-basins of AG-4 and AG-52 (kg/ha/1976)

MONTH AG-11 AG-2 AG-3 AG-4 AG-5 AG-6 AG-7 AG-10 AG-11 AG-13 AG-14
AG-4

W1
2    W2

AG-5
H1   H2

January   5 9 4   0.5   6 3 2   6   0.1 13 3   0      14  0     0
February 834  30  42  15  42 4 3 55 5 121  7   0     164  0     1
March 104  46  60  361   38 29  14  87 13   104  110   869  356  68 122 
April 13 22  80  14    4 17  10  111  1 50    0.5   19    18   4    7
May   8 12  5 13  12 3 4 108    0.4 11    0.8   7     18  3    3
June   5 5    0.5 3      0.2 1 3     0.6   0.3   7 3   0       4   0    0
July 28 3 54 2 105  2 2 4 0     0.7 2   0       7 45  92
August 0 4 5 0 135  2 1     0.5 0     0.3 0   0       0 204 135  
September    0.1 2    0.3 1     0.4 1    0.6     0.5 0 1 0   0       1   3     3
October    0.1 1    0.3 3 1 1    0.5     0.8 0     0.8    0.2   0        2   1     1
November 0 2 9 7 7    0.5 2     0.2 0     0.2 9    0        74   1     1
December    0.1 3    0.7    0.4    0.6 1    0.7     1.4 0 1    0.7    0        04   0     1

Year (1976) 998 140 258 419 351 64 43 375 19.1 310 135 895 430 329  366

1 Naquadat method of sediment load computation for the 11 watersheds 
2 lntegration method of sediment load computations for the four Sub-basins 
3 Problems with flow measurements from June 1976 - December 1976 
4 Estimated values
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APPENDIX 5

Monthly suspended sediment loads (Naquadat Method) for the 11 agricultural
watersheds, measured data.

AG-1 (Big Creek)
AG-2 (Venison Creek)
AG-3 (Little Ausable)
AG-4 (Canagagigue Creek)
AG-5 (Holiday Creek)
AG-6 Nameless
AG-7 (Shelter Valley)
AG-10 (North Creek)
AG-11 (Salt Creek)
AG-13 (Hillman Creek)
AG-14 (Mill Creek)
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APPENDIX 6

Monthly suspended sediment loads (Naquadat Method) for the 11 agricultural
watersheds, measured and estimated data.

AG-1 (Big Creek)
AG-2 (Venison Creek)
AG-3 (Little Ausable)
AG-4 (Canagagigue Creek)
AG-5 (Holiday Creek)
AG-6 Nameless
AG-7 (Shelter Creek)
AG-10 (North Creek)
AG-11 (Salt Creek)
AG-13 (Hillman Creek)
AG-14 (Mill Creek)
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APPENDIX 7

Sediment Contributing Areas in the Agricultural Study Watersheds
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Appendix 7. Distribution of area weighted mean sediment contributing areas (percent) for all snowmelt and rainfall runoff producing
events observed during 1975 and 1976 for AG-4 and AG-5 watersheds.

Watershed Year J F M A M J J A S O N D Range Mean
Number Of

Events
AG-4 1975 -* - 11 24 13 9 -- 12 -- -- -- 1-25 12.8 9

25
18
  3
  1

AG-4 1976 - - 18   4 4 6 4 -- 1 -- -- -- 1-18 6.6 8
12
  4

AG-5 1975 - - 25 14 - 17 -- -- -- -- -- 6 6-25 15.9 11 
25 13 - 23
15   9 17

11
AG-5 1976 - 6   8   2 4 --   8 65 3 -- -- -- 1-65 14.2 10 

  1 34
11

AG-5 1975 - - 18 23 -- 28 -- --- -- -- -- -- 4-42 19.8 8
Sub-basin   4 42

  5 25
14

AG-5 1976 - -   9   2 3 --   9 72 3 -- -- -- 1-72 19.2 9
Sub-basin   1 50

24

* Rainfall and snowmelt events without observable surface runoff ( 0% contributing area class) are

not included in this table.



154

AG-4 CANAGAGIGUE CREEK OBSERVED CONTRIBUTING AREAS DURING 1976
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AG-5 HOLIDAY CREEK SUB-WATERSHED OBS. CONTR. AREAS DURING 1976
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AG-5 HOLIDAY CREEK OBSERVED CONTRIBUTING AREAS DURING 1976
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AG-5 HOLIDAY CREEK OBSERVED CONTRIBUTING AREAS DURING 1976



158

AG-5 HOLIDAY CREEK SUB-WATERSHED OBS, CONTR. AREAS DURING 1976
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AG-4 CANAGAGIGUE CREEK OBSERVED CONTRIBUTING AREAS DURING 1976
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AG-4 CANAGAGIGUE CREEK OBSERVED CONTRIBUTING AREAS DURING 1975
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AG-5 HOLIDAY CREEK OBSERVED CONTRIBUTING AREAS DURING 1975
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AG-5 HOLIDAY CREEK OBSERVED CONTRIBUTING AREAS DURING 1975
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AG-5 HOLIDAY CREEK SUB-WATERSHED OBSERVED CONTRIBUTING AREAS DURING 1975
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APPENDIX 8 

Location and sediment loading rates for Sub-basins of the Grand and Saugeen Rivers.

Measured annual suspended sediment loads in the Grand and Saugeen (kg/ha/yr).

GRAND SAUGEEN 

1976 Regression  ---       ---
1976 Beale Ratio Method 459 298
2 year mean (1975, 1976) Regression Method 332 488
2 year mean (1975, 1976) Beale Ratio Method 380 309
2 year mean (1975, 1976) Integration Method --- ---

(Water Survey of Canada
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Appendix 8. Sub-basins of the Grand River Basin used in extrapolation of data from the
Agricultural Watersheds.
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Appendix 8. Sub-basins of the Saugeen River Basin used in extrapolation of data from the Agricultural Watersheds.


