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VOL. 14,NO. 4 AMERICAN WATER RESOURCES ASSOCIATION AUGUST 1978

MICRO-RELIEF SURFACE DEPRESSION STORAGE:
CHANGES DURING RAINFALL EVENTS AND THEIR
APPLICATION TO RAINFALL-RUNOFF MODELS!

J. Kent Mitchell and Benjamin A. Jones, Jr.?

ABSTRACT: Micro-relief surface depression storage is one of the dynamic components of the
rainfall-runoff process. The quantification of the effect of rainfall intensity and duration on
the micro-relief was the subject of this study. Micro-relief measurements were made on 88 soil
bin samples before and after the application of simulated rainfall events. The surface depression
changes are described with empirical equations, using basic rainfall, surface hydrology, and soil
parameters and their cross products as independent variables. A rainfall-runoff model demon-
strates the value of a dynamic description of the surface depression storage function.

(KEY TERMS: hydrology; micro-relief; surface storage; depression storage; rainfall simulation;
hydrologic modeling.)

In the rainfall-runoff process, water, in the form of rainfall, is delivered to the surface
of the earth in amounts that vary spatially and temporally. A part of this rainfall is in-
tercepted and held by the vegetal cover for future disposition through evaporation. The
water that reaches the ground infiltrates into the soil at a rate dependent upon the infil-
tration capacity of the soil at that time. If the rainfall intensity exceeds the infiltration
capacity of the soil, the micro-relief surface depressions will be filled. When this depres-
sion storage is filled and exceeded, the water level builds up on the surface and runoff be-
gins. The surface runoff continues to watershed elements of lower elevation depending
upon the rainfall, infiltration, and micro- and macro-relief of successively lower elements.

All of the phenomena may proceed at varying rates depending upon the physical con-
ditions. For instance, if rainfall decreases to a sufficiently low rate, infiltration may ex-
ceed rainfall and depression storage will be drained. Then, when the next burst of rain-
fall occurs, the depression storage must be replenished before surface runoff can begin.
Conversely, rainfall may continue at a rate large enough to keep the surface depressions
full until the storm ends. In that case the depression storage is filled only once during a
storm rather than several times.

lPaper No. 77086 of the Water Resources Bulletin. Discussions are open until April 1, 1979. This
study was a part of Project 10-315 of the Agricultural Experiment Station, College of Agriculture,
University of Illinois at Urbana-Champaign.
Respectively, Assistant Professor and Professor, Agricultural Engineering Department, University
of Illinois, Urbana-Champaign, Illinois.
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Mitchell and Jones, Jr.

A number of investigators have developed models that evaluate many hydrologic
phenomena separately within discrete subareas to obtain a prediction of the runoff hydro-
graph for a watershed. Such models were presented by Crawford and Linsley (1966),
Huggins and Monke (1966), Holtan, et al. (1975), and Massie (1975). The effect of the
various phenomena are evaluated for each subarea as are their effect on adjacent subareas.
The resulting runoff is accumulated area by area in small time increments to obtain a
runoff hydrograph at the outlet. Many of the conceptual models contain sections des-
cribing the effect of surface depression storage, but few present quantitative data ade-
quate to describe values of surface depression storage either before or during a rainfall
event.

This paper describes studies conducted to determine the effect of rainfall intensity and
duration on micro-relief surface depression storage. Prediction equations are developed
to describe the change in the maximum micro-relief surface depression depth, the micro-
relief surface depression storage, and the depth-storage model parameters as affected by
rainfall, surface hydrology, and soil variables. Methods of application of the equations
are suggested and a basic rainfall-runoff model demonstrates the effects of a dynamic
description of the surface depression storage function. ‘

EQUIPMENT

To study the effect of rainfall amount and duration on the change in micro-relief sur-
face depression storage, it was necessary to control the rainfall production, the soil sur-
face before rainfall, and the measurement of the soil surface before and after rainfall.
The equipment was located in a 32-foot drop tower as described by Bubenzer (1970),
Bubenzer and Jones (1971), and Mitchell (1970). The rainfall production system consisted
of drop modules that produced drops with a mean diameter of 3.42 mm and provided
rainfall rates of 3 to 15 inches per hour. A 3-foot square soil bin with soil depth of twelve
inches, and runoff and percolation tanks and recorders to give time-depth relationships
were located at the bottom of the tower.

The soil surfaces were measured using a profile measuring device (PMD) that was
developed at the University of Illinois specifically for this study. Details of construction
and operation and the preliminary testing and calibration were described by Mitchell
(1970) and Mitchell and Jones (1973). Basically the PMD automatically measured, on a
l-inch grid, the height of points in a 36-inch by 36-inch square.

PRELIMINARY STUDIES

Four modules were used to produce the simulated rainfall. An analysis of the variabi-
lity of flow rate between the modules showed that the rainfall rate was equal.

The simulated rainfall was analyzed to determine the drop diameters produced and the
variation in amounts and intensities as described by Mitchell (1970). At the mean inten-
sity of 9.48 inches per hour the mean drop diameter was 3.42 mm and the drop diameter
increased (decreased) 0.056 mm for each unit of rainfall intensity increase (decrease)from
the mean.

Tests were made using material from four major soils of Illinois: Flanagan and Cisne
silt loams, Sparta loamy sand, and Darwin silty clay.
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Micro-Relief Surface Depression Storage

Flanagan silt loam is a member of the Sidell, Catlin, Flanagan, Drummer association of
soils which were formed under grass vegetation. This soil is a black prairie soil formed
from thirty-six to sixty inches of loess over Wisconsin till. It occurs on slopes of 1 to 3
percent.

Cisne silt loam is a brownish-gray upland soil developed under grass vegetation on
slopes of less than 1% percent. This soil occurs in association with Huey silt loam and
Hoyleton silt loam. It was formed from loess less than 45 inches thick over weathered
Illinoian till.

Sparta loamy sand is a moderately dark colored terrace soil developed under grass

* vegetation on slopes ranging from 1 to 7 percent.

Darwin silty clay is one of the soils found in stream valleys in Illinois. The surface is a
very dark gray silty clay overlaying a gray to olive-gray silty clay subsoil. Slopes range
from O to 2 percent.

Extensive soil samples were taken at each site for laboratory analysis. Mechanical
analyses of the soil were made to determine the proportion of sand, silt, and clay. The
results are shown in Table 1.

TABLE 1. Particle Size Distribution.

Particle Size Distribution

Soil Sand (0.05 mm) Silt Clay (<0.002 mm)
Flanagan silt loam 10 61 29
Cisne silt loam 20 61 19
Sparta loamy sand 81 11 8
Darwin silty clay 20 36 44
METHODS
Experimental Design

A bin of soil was subjected to rainfall intensities of 3, 6,9, 12, or 15 inches per hour
and durations of 10, 20, 30, or 50 minutes for most intensity-duration combinations.
Two soil surfaces were tested, one medium and one rough. The order of runs within a
soil type was selected randomly.

Eighty-eight runs were conducted: 20 on Flanagan silt loam, 24 on Cisne silt loam,
20 on Sparta loamy sand, and 24 on Darwin silty clay. The 15 iph intensity was aban-
doned after observing the results on Flanagan silt loam. Runs were not conducted on the
Sparta soil at 12 iph intensity for greater than 10 minutes duration or for 9 iph intensity-
50 minute duration because the Sparta soil became nearly flat at medium intensity-
duration combinations.

Test Procedure

A complete test run consisted of many different steps and measurements which are
summarized here. The detailed procedure is presented by Mitchell (1970).
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Mitchell and Jones, Jr.

The simulated rainfall was started at the desired intensity, and the system was allowed
a minimum of 30 minutes to reach equilibrium conditions. Rainfall was collected and
measured in a 3- x 3-foot raingage for a period of approximately one hour to determine
the exact rainfall intensity produced.

The soil being tested was tilled with hand tools to a depth of approximately 8 inches to
prepare the desired roughness. After tillage, a soil moisture sample was taken, the soil
bin was weighed, and the initial soil surface configuration was measured with the PMD.
Next the soil bin with its splash shield was covered and placed in the drop tower. and the
runoff and percolation collection tanks were connected. Finally, the soil bin cover was
removed and the duration timing begun. At the end of the specified rainfall duration the
cover was replaced and the covered soil bin was left in the drop tower until runoff ceased
and percolation decreased to a small rate. When the soil bin was removed from the drop
tower, another rainfall intensity measurement and soil moisture sample were taken and
the soil bin was weighed. Then the final soil configuration was measured using the PMD.

Data Reduction

Six samples were taken from each simulated rainfall test to determine rainfall inten-
sity. Water level recorder charts were transcribed to obtain peak and volume of both run-
off and percolation.

The PMD data were processed to obtain depth-storage values on the assumption that
each point measurement was the center of a l-inch square level surface as described by
Mitchell and Jones (1976):

m n
S = i=21 i1 (H, - Hy) (1)
where:
S, = surface storage below a reference height, cubic inches;
i,j = rows and columns of point measurements, respectively;

= reference height, inches, and

= point measurement of height on the soil surface, inches.

The average surface storage, in inches, at any reference height is, then, the accumula-
tive storage computed by Equation (1), divided by the total surface area.

The depth-storage data from each PMD run were then fitted with the depth-storage
model selected by Mitchell and Jones (1976):

S = aD? @

where:

7]
I

= storage, inches;

o
]

depth above the lowest point on the surface, inches; and
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Micro-Relief Surface Depression Storage

a.b = equation parameters.

The soil bin weight before and after a test, the rainfall applied, and the runoff and
percolation volumes were used to indicate the accuracy of the overall water measurement
system. This relationship is described as follows:

Wy +R,— R —P-W, =¢ 3

where:

Wb = weight of soil bin before rainfall,

= weight of rainfall applied,

Ry

Ru = weight of runoff collected,

P = weight of percolation collected,
Wa

= weight of soil bin after rainfall, and

e = discrepancy.

The discrepancy was converted to inches of water over the soil surface and was further
described as a percentage of the rainfall applied. The discrepancy range was 0.03 to 36.4
percent, but the average discrepancy was 6.1 percent with only 10 of the 88 runs greater
than 10 percent.

Infiltration volumes were obtained indirectly, using the rainfall applied, the runoff
volume, and the depression storage at the end of the rainfall period. If runoff was
occurring at the end of the rainfall period, the infiltration volume was calculated as the
rainfall applied minus the runoff volume minus the volume of depression storage to the
depth of equal cut-and-fill. If runoff did not occur, the infiltration volume was considered
to be equal to the rainfall volume.

RESULTS AND DISCUSSION

The controlled rainfall intensity and duration used in the study were considered first
in the analyses. An initial study using Flanagan silt loam (Mitchell, 1970) showed that
these two variables explained 40 to 50 percent of the variation in the soil surface con-
figuration. Rainfall energy, momentum and mass relationships were also considered in the
initial investigation of significant independent variables. However, they did not improve
the description of soil surface configuration changes when compared to rainfall intensity
and duration as independent variables.

Visual representation of a soil surface is shown in Figure 1. The computer drawn
figure shows the soil surface before and after the approximately 9-iph intensity, 30
minute rainfall for one repetition of the Cisne silt loam soil test.

The extent of the changes in maximum depth and maximum storage with rainfall in-
tensity and duration changes for each soil type tested are presented in Tables 2 through S.
Most intensity-duration combinations had two repetitions — one for a medium and one
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CISNE SILT LOAM

INTENSITY = 7.39 |PH, DURATION = 30.20 MIN

RAINFALL

Mitchell and Jones, Jr.

AFTER

-
[

S3IHONI “3DNVISIQ TVIILYIA

A
NN

—_— Iol.l..\ubﬁ

8's 8'n 0’0
S3IHONI ‘IONVLISIG TVOIL¥IA

782

———
26.0
INCHES

16.0 21.0

HORIZONTAL DISTANCE,

1.0

60

INCHES

HORIZONTAL DISTANCE,

Figure 1. Computer-Drawn Representation of a Cisne Silt Loam Soil Test.
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TABLE 2. Micro-Relief Maximum Depth and Storage Before and After Rainfall: Flanagan Silt Loam.

Approximate Rainfall Intensity, iph

Maximum
3 6 9 15
Rainfall Depth, D,
Duration  Surface or Max. Before  After Decrease Before After Decrease Before After Decrease Before After  Decrease

(Min.)  Condition Storage, Sy (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches)

10 Rough Dm 93 8.4 0.9 8.0 6.6 1.4 7.4 6.4 1.0
Sm 5.21 4.74 0.47 3.14 2.68 0.46 4.17 3.22 0.95
Medium Dm 7.0 5.8 1.2 6.6 6.1 0.5 6.2 4.5 1.7 6.6 3.8 2.8
Sm 3.87 2.94 0.93 3.62 3.27 0.35 3.44 2.03 1.41 3.42 1.43 1.99
30 Rough Dm 8.4 7.5 0.9 9.0 6.8 2.2 10.5 8.5 2.0
Sm 4.74 3.92 0.82 4.96 3.52 1.44 5.04 3.85 1.19
Medium Dm 5.8 5.4 0.4 6.6 4.7 1.9 6.3 5.5 0.8
Sm 2.88 261 0.27 2.65 1.92 0.73 3.24 2.55 0.69
50 Rough Dm 8.6 6.0 2.6 8.0 53 2.7
Sm 445 2.54 1.91 3.48 1.99 1.49
Medium Dm 5.7 4.0 1.7 5.8 4.3 1.5 6.9 4.5 24 6.6 3.7 2.9
Sm 2.78 1.79 0.99 2.62 1.97 0.65 4.15 2.38 1.77 3.05 0.69 2.36
Medium Dm 6.5 4.1 2.4
S 3.85 2.07 1.78

33e101§ uorssarda( 09eJIng JAI[oY-0IdIN
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TABLE 3. Micro-Relief Maximum Depth and Storage Before and After Rainfall: Cisne Silt Loam.

Approximate Rainfall Intensity, iph

. Maximum 3 6 9 12
Rainfall Depth, D,
Duration  Surface or Max. Before After Decrease Before After Decrease Before After Decrease Before After Decrease

(Min.) Condition Storage, Sy (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches)

10 Rough D 8.2 7.1 1.1 11.8 7.8 4.0 10.8 8.8 2.0 9.9 8.1 1.8
Sm 3.75 3.21 0.54 6.00 3.85 2.15 6.01 4.49 1.52 5.13 4.22 0.91

Medium D 8.0 6.3 1.7 1.5 7.0 0.5 8.8 6.8 2.0 7.5 6.4 1.1
Sm 4.29 3.00 1.29 3.25 2.90 0.35 4.19 291 1.28 3.47 3.17 0.30

30 Rough D 9.2 7.1 2.1 10.7 7.3 34 9.6 6.5 3.1 10.1 7.1 3.0
Sh 5.24 3.24 2.00 5.76 3.50 2.26 5.65 3.22 243 4.62 3.90 0.72

Medium D, 8.7 7.8 0.9 9.2 7.1 2.1 6.9 6.4 0.5 9.7 6.1 3.6

S 4.33 3.79 0.54 5.29 3.82 1.47 3.34 2.82 0.52 4.98 3.07 1.91

50 Rough D 8.0 7.5 0.5 10.1 6.5 3.6 8.7 6.2 2.5 10.3 7.6 2.7
S 3.89 3.43 0.46 4.84 3.09 1.7 3.83 2.79 1.04 5.12 3.65 1.47

Medium D 7.2 5.9 1.3 6.3 5.8 0.5 8.0 7.2 0.8 6.8 4.9 1.9
S 3.28 2.68 0.60 3.09 3.06 0.03 4.55 4.17 0.38 3.10 1.77 1.33

“If ‘SOUOf pue [[PYINW
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TABLE 4. Micro-Relief Maximum Depth and Storage Before and After Raintall: Sparta Loamy Sand.

Approximate Rainfall Intensity, iph

) Maximum 3 6 9 12
Rainfall Depth, Dm,
Duration  Surface or Max. Before After Decrease Before After Decrease Before After Decrease Before After Decrease

(Min.)  Condition Storage, Sm (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches)

10 Rough D, 6.7 5.8 0.9 6.6 4.9 1.7 6.8 4.5 23 7.5 5.3 2.2
S 324 275 049 272 186 086 281 .92 0.89 301 231 0.70
Medium D, 54 4.5 0.9 4.8 3.6 1.2 5.6 3.5 2.1 45 33 1.2
St 249 194 055 228 154 074 256 162  0.94 1.94 141 0.53
20 Rough D, 6.2 43 1.9
Sm 268  1.83 0.85
Medium D 5.5 3.5 2.0
S 236 140 096
m
30 Rough D 6.1 4.4 1.7 7.9 6.7 1.2 6.5 3.4 3.1
S 290 192 098 437 436 0.0l 282 1.59 1.23
Medium D, 5.2 36 1.6 6.2 4.6 1.6 5.2 2.8 24
S 249 157 092 291 199 092 236 079 1.57
50 Rough D 6.9 5.6 1.3 7.0 3.7 33
S 3.05 190 115 394 143 251
Medium D, 45 2.9 1.6 44 3.5 0.9
S 196 106 090 228 141 0.87

23e101G uOoIssaIda(] 208JING JAI[AY-OINN
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TABLE 5. Micro-Relief Maximum Depth and Storage Before and After Rainfall: Darwin Silty Clay.

Approximate Rainfall Intensity, iph

Maximum .
3 6 9 12
Rainfall Depth, Dm’
Duration  Surface or Max. Before  After Decrease Before After Decrease Before After Decrease Before After  Decrease

(Min.) - Condition Storage, Sm (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches)

10 Rough D 13.5 13.1 0.4 11.5 11.1 04 12.8 11.9 0.9 12.6 10.6 2.0
Sm 7.30 7.11 0.19 5.79 5.57 0.22 7.19 6.56 0.63 5.17 6.04 -0.87

Medium D 10.9 9.7 1.2 11.4 9.5 1.9 11.5 11.2 0.3 11.3 11.0 0.3
S 6.01 4.72 1.29 5.46 4.86 0.60 5.96 5.56 0.40 5.43 5.42 0.01

30 Rough D 12.9 12.5 0.4 11.5 11.3 0.2 12.6 12.5 0.1 11.6 11.5 0.1
Sm 7.49 7.43 0.06 6.16 6.07 0.09 7.34 7.49 -0.15 6.01 5.83 0.18

Medium D 113 10.8 0.5 11.1 10.1 1.0 11.8 11.2 0.6 10.5 10.0 0.5
Sm 6.08 5.70 0.38 6.74 5.7 1.03 6.13 5.37 0.76 S.11 4.69 0.42

50 Rough D, 12.5 12.1 0.4 13.1 12.4 0.7 11.6 11.1 0.8 12.5 12.2 0.3
m 743 7.31 0.12 6.77 6.33 0.44 6.12 5.83 0.29 7.31 7.36 0.0

Medium D, 9.8 9.3 0.5 10.6 9.8 0.8 10.7 9.9 0.8 11.3 11.4 0.1

Sm 5.55 5.03 0.52 6.04 5.55 0.49 5.60 4.79 0.81 6.07 5.97 0.10
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for a rough surface relief. In all but one case. the maximum depth decreased during the
rainfall event. as would be expected. Except for thiee cases on Darwin silty clay soil. the
maximum storage decreased during the rainfall event. The exceptions result from a
change in the nature of the surface because of the rainfall event or are a result of the soil
measurement variability.

Multiple regression analyses were performed to determine empirical relationships of the
parameters effecting changes in the soil surface configuration during a rainfall event.

The variables considered were as tollows:

1. AD/D,,. the change in maximum soil surface depth divided by the initial maximum
soil surface depth.

2. AS/S,. the change in maximum surface depression storage divided by the initial
maximum surface depression storage.

3. Aafa,. the change in parameter a of Equation (2) divided by the initial value of
parameter da. )

4. Ab/b,,. the change in parameter b of Equation (2) divided by the initial value of
the parameter b.

5. 1. the rainfall intensity in inches per hour.

6. T. the rainfall duration in hours.

7. QR and Qp. the peak rates of runoff and percolation. respectively. during the
rainfall event in inches per hour.

8. VR. V}. and Vp. the volumes of runoff. infiltration and percolation, respectively,
during the raintall event in inches.

9. M. the initial soil moisture content in percent (dry basis).

10. Pg, and Pj. the percent sand and clay size particles. respectively, in the soil
tested.

A stepwise regression procedure was used to determine the relative importance of each
term. Several different equation forms — linear, logarithmic. and polynomial — were
attempted in the analysis. Early attempts showed that the logarithmic terms gave no
better relationships than the linear relationships. when both ease of use and correlation
coefficients were considered. Some polynomial terms and some cross product terms of the
independent variables provided the best fit to the change in soil configuration data.

The results of the stepwise regression fit of the terms listed above are shown in Tables 6
through 10. The equations are the best fit prediction equations describing the change in
maximum depth, maximum depression storage and the depth-storage model parameters
a and b. Tables 6 through 9 give the prediction equations for each of the four soils tested
while Table 10 contains the prediction equations for all the soil test runs analyzed to-
gether. The multiple correlation coefficient. R, and the level of significance is indicated
for each equation.

Five of the ten steps of the stepwise regression analysis are shown for each dependent
variable. A greater number of terms in the prediction equation provides a statistically
better fit, but the equation soon becomes unwieldly and does not significantly improve the
quality of fit.

An examination of the tables reveals that the same terms do not necessarily appear for
the same dependent variable across soil types. For instance, for the equations for change
in maximum depth, AD/D,,, the first term entered in Table 6 is TVR V| and in Table 9 it
is Moz. None of the terms are identical between soils equations for the change in
maximum depth dependent variable. A similar situation exists for the other dependent

787



88L

TABLE 6. Flanagan Silt Loam Prediction Equations.

Equation Mult. Corr.
Number Prediction Equation Coeff., R¥*
Change in Maximum Depth, AD/D, =
4 -0.18267 -3.0x107* TVRV, 0.653
5 ~0.16098 —1.8x10~# TV V| -7.8x10~7 T3 0.707
6 ~0.08410 +6.0x10 5 TVRV} -0.01531 T3 ~0.00123 12 0.810
7 ~0.06374 ~0.00117 TVR Vy ~0.01643 T3 —0.00209 12 +0.06660 VR V| 0.883
8 ~0.07540 —0.00125 TVR V| ~0.01651 T3 —0.00150 12 +0.07565 VR V| ~0.00121 IQg 0.889
Change in Maximum Storage, AS/SO =
9 -0.08045 -9.0x10~4 TV, 0.668
10 -0.07981 -5.5x10~4 TV| —5.0x1078 13 0.687
11 ~0.12994 —9.0x10~4 TV -5.1x10~7 T3 +2.7x10 4 T2 0.785
12 -0.11758 -5.7x10~4 TV -5.9x10~7 T3 +3.1x10 74 T2 —0.01943 Qp 0.817
13 -0.09821 ~0.00161 TV[ —8.4x10~7 T3 +4.4x10~4 T2 ~0.04352 Qp +0.00266 TVp 0.882
Change in Depth-Storage Model Parameter a, Aa/a0 =
14 1.58788 +0.05602 Qg2 0.681
15 2.23731 +0.08859 Qg2 ~0.16537 Qg V; 0.748
16 2.43772+0.07367 Qg2 -0.28795 QR V| +0.40685 VR Vy 0.778
17 2.24744+0.20311 Q2 -0.66494 Qg V] +1.82279 VR V| ~0.38692 IV 0.866
18 1.04856 +0.27768 Qg2 ~1.24316 Qg V| +2.48873 VR V| ~0.53267 IV +0.27365 1V, 0.900
Change in Depth-Storage Model Parameter b, Ab/b0 =
19 -0.07820 —1.4x10 4 Q3 0.675
20 ~0.09476 ~2.0x10~4 Q3 +1.2x1073 IQg VM, 0.733
21 ~0.08107 ~1.3x10~4 QR33 #2.0x10” 5 IQg V{M, ~0.00158 IQg 0.758
22 ~0.07551 +1.0x1075 Qg3 +3.3x105 IQg VM, —0.00290 IQg -2.1x10™5 Qg VRV, VpM,, 0.780
23 ~0.08982 +2.9x10 5 IQg VM, - 0.00373 1Qg —4.6x1075 Qg VR V[VpM,, +0.00869 QrQp 0.814

*All Equations significant at the 1% level.
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TABLE 7. Cisne Silt Loam Prediction Equations.

Equation Multti. Corr.
Number Prediction Equation Coeff., R
Change in Maximum Depth, AD/D =
24 -060761+3.7x10~4 M2 0.454
25 ~0.60609 +3.9x10~4 M 2 —4.9x10~% IV Qp 0.595*
26 —0.66061+4.3x10"4 M 2 —0.00157 IVRQp +0.00139 IQx Vp 0.651*
27 —0.63394 +4.0x10™* M2 —0.00148 IVRQp +0.00109 IQR Vp +2.0x10 > DQpVpV| 0.678*
28 —0.63014 +4.2x10~* M2 --0.00261 IVRQp +0.00299 IQR Vp +2.3x10 4 DQpVpV| - 0.07035 VpV; 0.806**
Change in Maximum Storage, AS/S =
29 -1.30462 +0.03445 M, 0.562%*
30 -1.34367 +0.03648 M, —0.00581 VRQp 0.672%*
31 ~0.80392 +0.02041 M, —0.10656 VR Qp +0.00297 VR QpM,, 0.741%
32 ~0.71399 +0.01747 M, ~0.11458 VR Qp +0.00314 VRQpM,, +2.4x10 4 Qp> 0.770%*
33 -0.67413 +0.01815 M, —0.10867 VRQp +0.00300 VRQpM, +7.3x10 4 Qp3 ~0.03367 Qp 0.813%*
Change in Depth-Storage Model Parameter a, Aa/a0 =
34 1.95035 ~1.0x10 5 T3 0.277
35 0.34020 —1.4x10~* T3 +0.00706 T2 0.497
36 0.70591 —1.7x10~* T3 +0.00872 T2 —0.03362 IQp 0.580
37 095254 —2.0x10~* T3 +0.00970 T2 -0.05470 IQp +0.00154 DVR VpV; 0.632
38 0.89404 —2.1x10~* T3 +0.01031 T2 -0.03898 IQp +0.00230 DVR VpV} ~0.00910 IQR V; 0.667*
Change in Depth-Storage Model Parameter b, Ab/b =
39 —0.05015 +0.00178 Qg > 0.493*
40 ~0.07294 +0.00156 Qg2 +5.5x10~7 T3 0.547*
41 ~0.10655 +0.00338 Qg 2 +1.3x1076 T3 ~2.9x10-6 1TV M, 0.693**
42 -0.08682+0.00664 Qg2 +1.6x1070 T3 _3.3x10 0 ITVRM, -9.6x10~% QgM, 0.740%*
43 —0.07637+0.00793 Qg% +9.8x10~7 T3 —6.8x10 6 ITVRM, -0.00204 QgM,, +0.00134 TQR 0.810%*

*Significant at the 5% level.

**Gjgnificant at the 1% level.
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TABLE 8. Sparta Loamy Sand Prediction Equations.

Equation Multi. Corr.
Number Prediction Equation Coeff., R*
Change in Maximum Depth, AD/D, =
44 -0.23488 —0.00560 IVg 0.637
45 -0.25300 -0.00614 IV +0.07139 Qg Vp 0.767
46 -0.21856 —0.00609 IVR +0.13536 Qg Vp —0.00203 TV; 0.874
47 ~0.21442 —0.00532 IVR +0.12416 QR Vp —0.00272 TV +0.25266 sz 0.893
48 ~0.14194 —0.00325 IV +0.12816 Qg Vp ~0.00383 TV| +0.39414 Vp2 —6.9x10~* IM 0.921
Change in Maximum Storage, AS/S =
49 —0.09630 —0.02261 1 0.588
50 ~0.12386 —0.02106 I +3.0x10~5 ITVRV[VpM, 0.717
51 —0.14035 —0.01725 1 +1.4x10 4 ITVRV[VpM, -0.11305 Qg VR Vp 0.780
52 ~0.15989 —0.01650 1 +2.9x10~4 ITVRV|VpM,, —0.31452 Qp VR Vp +0.00107 QrQpVgM, 0.829
53 ~0.04315 —0.01898 1 +4.9x10~4 ITVRV|VpM,, —0.55613 Qg VR Vp +0.00219 QRrQpVgM,, —0.13581 V| 0.920
Change in Depth-Storage Model Parameter a, Au/uo =
54 -0.23027 +0.03348 TVR V; 0.624
55 —0.47582 +0.06717 TVR V| ~0.29811 IQRVp Vp 0.892
56 0.06951 +0.10107 TVR Vy ~0.20222 IQp VR Vp —0.00427 TVpM, 0.925
57 0.73672 +0.14306 TV V| +0.32987 IQg VR Vp ~0.00959 TVRM, 0.34757 TQRVRM, 0.971
58 0.88704 +0.14260 TVR V| +0.38974 IQR VR Vp ~0.00731 TVgM --0.44206 TQg VRM, -0.12350 Qp VR V| 0.978
Change in Depth-Storage Model Parameter b, Ab/b0 =
59 ~0.53316 +0.03880 M, 0.565
60 —0.58740 +0.03507 M, +0.01615 I 0.622
61 ~0.57022 +0.03227 M, +0.01718 1 +0.00196 VR QpM 0.643
62 -0.23921 +0.00301 M, +0.03075 1 40.02486 VRQpM,, - 0.00130 TQr VR Qp 0.913
63 ~0.10481 —0.00575 M, +0.03242 1 +0.02445 VRQpM,, —0.00187 TQR VRQp +0.01579 IQg Vg Vp 0.946

* All Equations significant at the 1% level.
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TABLE 9. Darwin Silty Clay Prediction Equations.

Equation Muldt. Corr.
Number Prediction Equation Coeff., R
Change in Maximum Depth, AD/D =
64 —0.07321 +0.02059 Vp 0.471%
65  —0.27306 +0.19543 Vp +0.00579 M, 0.628%*
66 ~0.30909 +0.02445 Vp +0.00688 M, +0.05133 IQpVp 0.673**
67  —0.37407 —0.09198 Vp +0.00905 M, +0.12608 IQpVp ~3.8x10~* QgrQpM,, 0.765%
68  —0.39186 —0.19942 Vp +0.00946 M, +0.30847 IQpVp ~7.1x10~% QrQpM, ~0.00120 TVR V| Vp 0.863%*
Change in Maximum Storage, AS/S, =
69 —0.09170 +0.00155 T 0.292
70 -0.07994 +0.00199 T —4.8x10~5 Qg3 0.459
71 ~0.05942 —0.00137 T ~1.3x10~* Qg3 +1.6x1075 ITM, 0.668**
72 ~0.11792 —0.00166 T —1.6x10™% Qg3 +3.8x10~5 ITM,, ~2.8x107> TVgM, 0.745%*
73 ~0.11749 +3.9x10~4 T ~1.9x10~4 Qg3 +2.9x1075 ITM,, —4.4x10 5 TVRM, +3.5x10"4 IQg Vg 0.807**
Change in Depth-Storage Model Parameter a, Aa/ao =
74 0.88744 —0.19628 IQp 0.543%*
75 0.58848 —0.25538 IQp +0.61259 V; 0.661%*
76 0.74794 —0.30474 IQp +0.91315 V| —5.1x10~6 T3 0.739**
77 0.45428 -0.31532 1Qp +1.89797 Vy —5.5x1076 T3 —0.49131 v;2 0.777%*
78 2.18710 —0.30439 IQp +2.11884 V| —5.0x10~6 T3 —0.69027 V(% ~0.05173 M, 0.797%*
Change in Depth-Storage Model Parameter b, Ab/b =
79 ~0.05423 +6.4x10~* QRQpM,, 0.508*
80  -0.04531+0.00151 QRQpM, -3.0x10™> IQg ViM, 0.704**
81 ~0.04565 +0.00115 QRQpM,, ~5.0x1073 IQg VM, +1.1x10~% Qg3 0.799**
82 -0.04098 +0.00126 QRQpM, —9.0x10~5 IQg VM, +1.6x10~# Qg3 +0.00121 TVR V| Vp 0.823: *
83 0.895%*

~0.05990 +5.8x10 ™4 QrQpM,, —9.0x10~5 IQR VM, +1.9x10~# Qg3 +0.00125 TV VVp +0.02047 IQp

*Significant at the 5% level.

**Gjgnificant at the 1% level.
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TABLE 10. All Soils Prediction Equations.

Equation Multi. Corr.
Number Prediction Equation Coeff., R*
Change in Maximum Depth, AD/D, =
84 ~0.33004 +1.7x10 4 M_P 0611
85 ~0.31135 +1.7x10~4 M_P_; —0.00638 VRQp 0.745
86 ~0.33081 +1.8x10~4 M_P | ~0.00895 VQp +0.00188 VpP, 0.764
87 ~0.30134 +1.8x10~4 M_P; —0.00692 VRQp +0.00364 VpP, —0.04169 V| 0.793
88 ~0.22733 +1.0x10 4 M_P —0.00697 VRQp +0.00665 VpP, —0.17746 V| +0.00419 V(P 0.816
Change in Maximum Storage, AS/S0 =
89 ~0.26722 +1.5x10 "4 M_P 0.602
90 ~0.19131 +1.5x10~4 M_P —0.01124 I 0.671
91 ~0.11705 +7.0x10 75 M P —0.02429 1 +4.7x10~4 1P, 0.695
92 ~0.11516 +7.0x10~5 M_P ; ~0.02334 1 +4.5x10~4 1P —1.7x10~5 TVpP, 0.704
93 ~0.09665 +6.0x10~> M_P;) ~0.02685 1+5.5x10™4 1P —5.1x10 ™5 TVpP,; +4.0x1076 QpVpV M P, 0.734
Change in Depth-Storage Model Parameter a, Aa/ao = 0.349
94 1.20961 +6.6x10 4 Qg VR QpP 0.349
95 1.28925 +0.00891 Qg VRQpP,j ~2.6x10 4 Qg VRQpM P 0.456
96 0.98167 +0.01014 QRVRQpP ~3.1x10~# Qg VRQpM Py +1.6x10~4 TVR V(P 0.500
97 2.30350 +0.00730 QR VRQpPy ~2.2x10 74 Qg VRQpM P +4.7x10~4 TV V P, ~1.5x1075 ITM P, 0.607
98 2.54551+0.00163 QRVRQpP ~2.0x10 75 Qg VRQpM P +7.4x10 ™4 TVR VP, ~1.9x1075 ITM Py, —9.6x10™4 TV VpP, 0.678
Change in Depth-Storage Model Parameter b, Ab/bo =
99 ~0.01619 +0.00147 QgM_ P, 0.819
100 ~0.05255 +0.00147 QgMP, +0.00765 Qg 0.850
101 ~0.09919 +0.00137 QgMP, +0.00657 Qg +7.0x10~5 M P, 0.864
102 ~0.10171 +0.00152 QpM,Pg, +0.00415 Qg +8.0x10™5 M_P., +1.6x10~5 Qg VR QpP, 0.875
103 ~0.11385 +0.00156 QM Py, +0.01093 Qg +8.0x10 ™5 M_Pg, +2.1x10 75 Qg VRQpP ~6.2x1075 Q3 0.882

sa

0" sa

* All Equations significant at the 1% level.
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Micro-Relief Surface Depression Storage

variables between soils. except for the QR3 term between Flanagan and Darwin soils for
the change in depth-storage model parameter b. Peak runoff rate. QR. and volume of
unoff. VR. are evident in many of the terms. indicating the importance of a runoff
element for describing the changes. Rainfall intensity. I. and duration, T, are present
singly or as a cross product in all soil equation groups: except for the change in maximum
storage. AS/S. equations for the Cisne soil.

An examination of the equation terms for a particular dependent variable across soil
types (Tables 6 through 9) and for the pooled data (Table 10) reveals much the same
situation discussed in the previous paragraph. The lack of agreement of terms between
soils results from the attempts to create terms with the greatest statistical significance
using many combinations of parameters. Each of these searches for the most significant
terms was done first within a soil type and then with the data for all soils as a group.
This resulted in equation terms that are characteristic of the reaction of that soil under
the conditions tested.

Similarities of equation terms within a soil type are interesting, if not conclusive. For
Flanagan silt loam (Table 6). rainfall duration, T, volume of infiltration, Vy, and peak
rate of runoff. QR. seem important. For Cisne silt loam (Table 7), initial soil moisture,
M,, the VRQp term. and rainfall duration, T, are most evident. The importance of Mg to
Cisne silt loam, as compared to Flanagan silt loam, may be because Cisne has low organic
matter which causes it to crust. The crusting tendency and the percent clay difference
interact to cause different terms to be important although Flanagan and Cisne are both
silt loams. Rainfall intensity, I, and duration, T; peak rate, Qg, and volume, Vg, of
runoff; and initial soil moisture, M, are evident in the equations for all dependent
variables for the Sparta loamy sand (Table 8). The variables M, I, and T are evident in
the last equations for all dependent variables for Darwin silty clay (Table 9), although no
term seems consistently important in the earlier stage of the development of the equa-
tions. ,

For the pooled data equations (Table 10), initial soil moisture, M, and percent clay
size soil particles are apparently important for all four dependent variables. The lack of
either rainfall variable I or T in the change in maximum depth equation AD/DO, and in the
change in depth-storage model parameter b equation, Ab/b,,, is disconcerting at best.

In many equations terms are present that indicate a relationship near to what one
might expect. Fifty-eight equations have terms containing rainfall intensity, I, or dura-
tion, T, singly or in combination with one other parameter. The peak rate of runoff
parameter, QR, is evident in twenty-five of the equations as a single term and in several
other equations in combination with other parameters. A similar situation may be ob-
served with the other parameters used singly as equation terms and used as cross products
with other parameters to provide equation terms. .

Several equation terms are presented, however, that are difficult to relate to physical
phenomena, especially those terms that are cross products of several parameters. This
results, of course, from the statistical treatment of the prediction equation development.
A few equations are presented that one may find difficult to understand, for instance
Equations (24), (29), and (59), which have only the initial soil moisture term, M, and
Equations (84) and (89), which have a cross product term of soil moisture and percent
clay particles in the soil. Again, this results from the statistical treatment, and one should
be wary of using statistically developed prediction equations beyond the limits of the
conditions under which they were developed. These soils have inherent differences in the
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way in which the micro-relief responds to the rainfall event. These differences are re-
flected in the equations selected as being the most significant.

APPLICATION TO WATERSHED MODELS

The relationships described in Tables 6 through 10 may be used in computer water-
shed models that iterate in successive time increments. Such models update the values of
rainfall intensity and duration; soil moisture; and runoff, infiltration, and percolation
volumes and rates for each time increment. The micro-relief surface depression storage
can also be changed and evaluated for each time increment.

Any method of including micro-relief surface depression storage values in a computer
model requires an estimate of the initial value for maximum soil surface depth, D, and,
if deemed desirable, an estimate of the initial maximum micro-relief surface depression
storage, Sy. Equations similar to those presented by Mitchell and Jones (1976), which
use the initial values for D as independent variables can be used to estimate the initial
values for the depth-storage curve parameters a and b in Equation (2). From the initial
value of the maximum depth, the depth-storage relationship is then defined.

From the initial value of the maximum depth and the initial values of the depth-
storage function parameters a and b, the initial value of surface depression storage can
be determined. The actual amount of the depression storage used will depend upon the
rainfall characteristics and the infiltration that occurs during the time increment used in
the model. If only a part of the available depression storage is used, the rest is available
for the next time increment. Runoff will begin when the available storage is exceeded.

The equations in Tables 6 through 10 can be used to estimate changes in micro-relief
in computer watershed models. The particular table from which equations are selected
will depend upon whether the equations for a particular soil are desired (Tables 6 through
9) or the modeler wishes to use the equations obtained from the pooled data (Table 10).
Five equations are presented in each table for each of the four dependent variables. The
particular equation selected to estimate the change in a micro-relief variable depends on
the significance level desired and on the other hydrologic elements evaluated within the
computer model. The change in micro-relief variable equations use other hydrologic data
as independent variables; so those hydrologic elements must be evaluated in the watershed
model if they are to be used in the equations defining the change in micro-relief. For in-
stance, if peak percolation rate, Qp, is not determined in the watershed model, then an
equation that includes Qp as an independent variable cannot be used.

In a watershed model several hydrologic phenomena, including the micro-relief, can be
evaluated for each time increment. If a variable, such as the change in maximum depth,
AD/D, requires the value of another phenomenon, that phenomenon may need to be
estimated and an iterative procedure used to determine the final values.

At the end of each time increment, any one of several methods can be used to estimate
the new surface depression function. In one approach the equations selected from
Tables 6 through 10 could be used to estimate the changes expected in maximum depth
and in parameters a and b of Equation (2): AD/D,, Aa/a,and Ab/b,,, respectively. The
changes multiplied by the initial values and added algebraically to the initial values would
then provide the maximum depth and depth-storage curve parameter values of Dy,a,and
b; that would be applicable at the end of the first time increment or at the start of the
second time increment.
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Another approach would be to determine only the change in depth or perhaps the
change in depth and the change in one depth-storage curve parameter over the time in-
crement and obtain the revised values for these for the end of the time increment. The
remaining depth-storage curve parameter values could be estimated in a manner similar
to the initial estimate of the depth-storage curve parameters by using the equations pre-
sented by Mitchell and Jones (1976).

The methods discussed previously could be used in successive time increment iterations
to provide a continuing estimate of the depth-storage relationship of the micro-relief sur-
face depression storage.

Fxample Application

A simple computer model was written to calculate surface storage, infiltration, and
rainfall excess during the course of a recorded rainfall event. The model computed each
element at time increments defined by a change in rainfall intensity. Infiltration capacity
was used to calibrate the model to runoff records and maximum soil surface depth was
varied for comparison. The results obtained from this model were infiltration rate and
cumulative volume. cumulative volume of rainfall excess. and the surface storage used at
each time increment during the storm.

Three storms, representing a range in duration from 10 to 56 hours and in precipitation
from 2.58 to 5.77 inches and having one or more high intensity-short duration periods,
were selected from the Allerton watersheds in Piatt County, Illinois. The rainfall events
were selected from spring rainfall records because the surface depression storage functions
were developed from bare soil data and Central Illinois watersheds are bare in spring.

The infiltration function was defined using the Horton equation (Horton, 1939):

f=1f o+, f)e K (104)
where:

f = infiltration rate, inches per hour,

fc = tinal infiltration rate, inches per hour,

fo = initial infiltration rate, inches per hour,

e = base of natural logarithms,

k = a constant, and

t = time, hours.

Lytle (1955) determined values for the parameters of the Horton equation for the
Allerton watersheds which have soils of the Drummer-Flanagan series. His data were used

to obtain estimates of the initial infiltration rate, f,, and the constant, k, for an equa-
tion of:

- 468t
f=f+16e ; (105)
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Equation (105) was used in the model. varying f. to calibrate the model to fit the re-
corded runoff.

The equations used by Mitchell and Jones (1976) to determine the depth-storage
curve parameters a and b are as follows:

loga = -0.65840 — 0.12877 D, (106)
logb = 0.46046 — 0.38039 a+0.18421 loga
—0.33797 log (aD,)) (107)
where:

aand b are the parameters for Equation (2). and

D, = maximum micro-relief depth or height. inches.
Equation (2) was used to determine the maximum storage value, S;,. using the maxi-

mum depth value, D;,. The depth at which runoff would begin. C. was assumed to be the

equal cut-and-fill depth (Mitchell and Jones, 1976) and was determined by the equation:

C=D_-S (108)

Because the Allerton watersheds have soils of the Drummer-Flanagan soil series. the
change in maximum depth during a time increment was determined using Equation (7)
from Table 6. The value of the change in maximum depth, AD/D,,. multiplied by the
maximum depth at the start of the time increment was added algebraically to the initial
maximum depth to obtain the maximum depth at the end of the time increment. Equa-
tions (106) and (107) were then used to obtain the depth-storage curve parameters a and
b at the end of the time increment or at the start of the next time increment.

When infiltration rate exceeded rainfall intensity, no storage accumulated. When
rainfall intensity was less than infiltration capacity and surface storage had previously
accumulated. infiltration capacity was assumed over one-half the surface and the raintall
intensity was the infiltration rate on the remainder. When surface storage volume was ex-
ceeded, the volume exceeded was recorded as rainfall excess. No attempt was made to
route this excess rainfall to a watershed outlet by overland tlow.

For calibration purposes, the model was first run with an initial maximum depth of
six inches and the final infiltration rate. f . of Equation (105) was varied to obtain a rain-
fall excess volume approximately equal to the recorded runoff volume from one of the
Allerton watersheds. Then the initial maximum depth, D, , was varied from 0.0 to 12.0
inches to provide a comparison of the effects of different initial maximum depths. In all
of the runs, the time increments correspond to the periods of rainfall intensity, with a
change in rainfall intensity dictating the beginning and end of a time increment.

The results of several runs of the model for the three storms are presented in Table 11.
The initial maximum depth, D/, lists the starting conditions for the micro-relief depth,
and the final Dy, is the maximum micro-relief depth at the end of the storm. The depth
above which rainfall excess was accumulated, C, is listed for initial and final conditions
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TABLE 11. Eftect of Initial Maximum Depth and Infiltration Rate on Watershed Model.

Volume Volume
Initial Initial Final Final Max. S* Volume Rainfall Max. S* Volume Rainfall
D, * C* D, * C* f.* Used Infil. Excess f.* Used Infil. Excess
(inches) (inches) (inches) (inches) (iph) (inches) (inches) (inches) (iph) (inches) (inches) (inches)
STORM 1
Date: 4-22-52, Duration = 25.00 hours, Precipitation = 2.58 inches, Maximum Intensity = 4.33 iph
0.00 0.00 0.00 0.00 0.06 0.00 1.14 1.44 0.18 0.00 1.66 0.92
2.00 0.17 0.30 0.00 0.10 1.30 1.28 0.10 1.78 0.80
4.00 0.22 0.59 0.02 0.17 1.38 1.20 0.17 1.89 0.70
5.00 0.29 0.74 0.04 0.18 1.42 1.16%* 0.18 1.92 0.66
6.00 0.39 0.89 0.07 0.19 1.45 1.13 0.19 1.94 0.64**
7.00 0.51 1.03 0.10 0.20 1.48 1.10 0.20 1.95 0.63
8.00 0.64 1.18 0.12 0.22 1.50 1.08 0.22 1.96 0.62
10.00 0.90 1.48 0.15 0.26 1.53 1.08 0.25 1.97 0.61
12.00 1.12 1.77 0.17 0.30 1.54 1.04 0.30 1.98 0.60
STORM 2
Date: 5-27-55, Duration = 10.42 hours, Precipitation = 2.22 inches, Maximum Intensity = 5.00 iph
0.00 0.00 0.00 0.00 1.20 0.00 1.45 0.77
2.00 0.17 0.39 0.00 0.13 1.60 0.62
4.00 0.22 0.77 0.05 0.18 1.73 0.49
5.00 0.29 0.97 0.09 0.19 1.75 0.47%*
6.00 0.39 1.16 0.12 0.22 1.76 0.46
7.00 0.51 1.35 0.14 0.23 1.76 0.46
8.00 0.64 1.54 0.15 0.27 1.77 0.45
10.00 0.90 1.93 0.17 0.28 1.79 043
12.00 1.12 2.32 0.18 0.31 1.83 0.40
STORM 3
Date: 4-19-64, Duration = 56.02 hours, Precipitation = 5.77 inches, Maximum Intensity = 5.40 iph
0.00 0.00 0.00 0.00 0.22 0.00 2.29 3.48 0.47 0.00 3.04 2.73
2.00 0.17 0.01 0.00 0.16 2.55 3.23 0.16 3.30 247
4.00 0.22 0.03 0.00 0.19 2.87 2.90 0.19 3.66 2.11
5.00 0.29 0.03 0.00 0.22 3.00 2.77 0.22 3.76 2.01
6.00 0.39 0.04 0.00 0.27 3.10 2.67** 0.27 3.83 1.94%**
7.00 0.51 0.05 0.00 0.34 3.21 2.56 0.34 3.92 1.87
8.00 0.64 0.05 0.00 042 3.33 2.44 0.42 4.02 1.75
10.00 0.90 0.06 0.00 0.60 3.44 233 0.56 4.31 1.46
12.00 1.12 0.08 0.00 0.71 3.58 2.19 0.66 4.53 1.24

*D — Maximum micro-relief depth; C - Micro-relief depth at which runoff begins (equal cut and fill depth); f. - Final infiltration rate (kquation 105);
S — Micro-relief surface depression storage.
**Model run at which the volume of rainfall excess equals the runoff volume measured from one of two Allerton watersheds.
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to aid in visualizing the portion of maximum depth actually available for storugé betore
runoff could begin.

Two conditions for the final infiltration rate. f.. of Equation (105) are presented for
two of the storms. As described previously. .. for an initial D}, of six inches. was varied
until the cumulative rainfall excess approximately equaled the recorded runoft volume
from one of the Allerton watersheds. The f con\dilions for two of the storms are the t,
values needed to calibrate the model to the runoff from cach of the two Allerton water-
sheds. Storm 2 has only one f. condition because runoff records arc complete for only
one watershed for that storm.

Table 11 lists the maximum micro-reliet storage used. the cumulative volume of infil-
tration, and the cumulative volume of rainfall excess. The maximum S used is not neces-
sarily the maximum storage available during the storm: in fact. the maximum storage
available near the first of a storm was not used. The double asterisks in Table 11 desig-
nate those runs where the volume of rainfall excess from the model equals the voiume of
runoff measured from one of the two Allerton watersheds.

The effect of depression storage. as compared with no depression storage. on the
volume of runoff and infiltration is affected by storm duration. The short duration storm
(Storm 2) demonstrates much less reduction in runoft (increase in infiltration) than the
longer duration Storms 1 and 3. A series of model calculations with the last 13-hour
portion of Storm 1 confirmed this phenomenon when compared with Storms 1 and 3.
As would be expected. infiltration rate has a marked effect on runoff. However. the run-
off amount is reduced with increased initial maximum storage depth. The relative reduc-
tion in runoff observed by comparing between storms and between final infiltration rates
is difficult to discern. Surface storage is part of a dynamic process which is dependent
upon infiltration rate and storm pattern as well as many other tactors.

The details of one f. condition for each of the three storms of Table 11 were plotted
for visual comparison. Figures 2 through 4 show the computed cumulative infiltration.
cumulative volume of rainfall excess, the surface storage used during the storm. and the
measured cumulative runoff from one of the watersheds. The computed cumulative rain-
fall excess and watershed runoff curves are of interest because of their similarities. For
the storm of April 22 and 23, 1952 (Figure 2), the raintall excess and watershed runotf
curves begin at the same time. In Figures 3 and 4 the raintall excess and watershed run-
off curves have a starting discrepancy of only 0.21 and 0.33 hours. respectively. No
time-scale shifting was made between the model simulation and the watershed runoft
data. The general configuration of the excess and watershed runoft curves is similar if one
visualizes an overland flow delay between the two curves.

Figures 2 through 4 also illustrate that micro-relief surface depression storage is avail-
able for several abstractions from runoff with the kind of rainstorms experienced in
central Illinois. Even in the case of the storm of May 27. 1955. which had two rather
intense early bursts of rainfall (Figure 3), micro-relief storage was available tor a second
abstraction, thereby retarding runoff. This is in contrast to many runoft determination
methods, which assume only an initial abstraction by the micro-relief surface depression.

This rainfall-runoff model calculation demonstrates the value of including the micro-
relief surface depression storage as a dynamic function in a watershed model. The
changes in micro-relief storage may be included in a model with a minimum of effort, as
demonstrated in this example.
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Mitchell and Jones, Jr.

SUMMARY

The objectives of the study were to quantify the change in micro-relief surface de-
pression storage during a rainfall event; to relate the changes to rainfall, hydrologic, and
soil parameters; and to demonstrate how the change in micro-relief storage functions can
be applied. Micro-relief measurements were made on 88 soil bin samples from four soils
before and after the application of simulated rainfall. The rainfall varied from 3 to 15
inches per hour in intensity and from 10 to SO minutes in duration. The data were
analyzed separately by soil types and as a group.

Empirical relationships were developed to describe the change in micro-relief surface
depression storage during a rainfall event. The surface depression storage changes were
adequately described with linear equations that used basic rainfall, surface hydrology, and
soil parameters and cross products of these parameters as independent variables. The
dependent variables in these equations were the changes in the maximum micro-relief
depth, in the micro-relief depression storage, and in the depth-storage model parameters
aandb.

The prediction equations may be used in a watershed model that iterates in successive
time increments within discrete subareas of the watershed. A rainfall-runoff model de-
veloped for demonstration purposes was used with three storms ranging from 2.22 to 5.77
inches of precipitation and from 10.42 to 56.02 hours duration. The results of this si-
mulation demonstrated agreement between simulated rainfall excess and measured water-
shed runoff and illustrated the manner in which micro-relief surface depression storage
functions during a rainfall event.
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October 24, 1978
Errata

Mitchell, J. K. and Jones, B.A., Jr. 1978. Micro-relief
surface depression storage: changes during rainfall events
and their application to rainfall-runoff models. Water Re-
sources Bulletin 14: 777 - 802.

Page 797, Table 11. The first four column heads should be:

Initial Initial Final Final
Dm* ' SC* Dm* SC*
(inches) (inches) (inches) (inches)

The footnote should be:

* D-Maximum micro - relief depth; Sc - Micro - relief
storage at the depth at which runoff begins (equal cut and
£i11 depth); fe - Final infiltration rate (Equation 105);
S - Micro - relief surface depression storage.
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