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A simulation model was developed to predict soil moisture contents and water table depths for flat lands. The model used a
water balance procedure to take into account rainfall, evapotranspiration, water table position, soil moisture content, and
subsurface and surface runofffor the snow-free portion ofthe year. The soil profile was divided into three zones to allow for changes
in soil properties with depth. Weather data and measured water table depths from a field at Macdonald College were used to verify
the model. The simulated water table depths agreed favorably with observed field data. Recommendations were made to use the
model with long-term precipitation and potential evapotranspiration data to study the effect of drainage rates on the duration of
particular water table depths.

INTRODUCTION

In humid regions with flat topography
and poor natural drainage, the installation
of subsurface drains is a well-established
method to lower the water table and
improve the aeration in the root zone to
promote better crop production. The
diameters and positions of subsurface drain
pipes have commonly been designed with
some traditionally accepted values of
maximum drainage rate (or drainage
coefficient) with no observations, or
calculations, of the water table levels to be
expected in the field or the region.

Some agronomic observations indicate
that crop losses due to poor drainage are
associated with the time of occurrence of

high water tables and the number of days the
water table remains close to the soil surface

within the root zone.

It seems evident that the dates and

durations of high water tables should be
associated with the precipitation and evapo
transpiration in a region, and with
parameters affecting soil drainability, such
as: hydraulic conductivity and drainable
porosity, and hydraulic capacity, entry
resistance and depth of subsurface drain
pipes. These are features which change from
one climatic region to another and from one
soil type to another.

Often it is not possible to obtain water
table data for a number of prior years where
no water table observation system existed.
Thus, it is not possible to make a long-term
time series analysis of actual water table
levels under different conditions of drainage
to assess the suitability of drainage
coefficients, drain depths and spacings
which might be used in the design of new
drainage systems.

However, rainfall and evapotranspira
tion data exist for many years and for many
localities. If a satisfactory simulation model
could be developed to predict water table
levels using weather data and parameters
describing major drainage aspects of the
soils involved, it could be possible to
compute the expected performance of drain
age system in terms of water table positions,
and perhaps later in terms of crop response
or trafficability for field machines.

PRECIPITATION

EVAPOTRANSPIRATION AE

SMC I

"I
TRI

SMC2

^2
R2=R3
TR2

1 PE

PERCOLATION C2

SMC 3 1 I
F3=F2 C3

R3

>
TR3

<

UNIT AREA

\ »

DEEP SEEPAGE

•-pUBSURBVCq
FLOW

Figure Diagram of the water balance model for a soil column of unit cross-sectional area.

NOMENCLATURE
PREt

AEt
- actual evapotranspiration at

time t, mm
Ri(t)

AW = maximum soil moisture storage
of the soil profile, mm

RMAX

q = the ratio of actual evapotrans RO

piration to potential evapo SMCt
transpiration of itn zone.

de = equivalent depth

Di = depth of the itn zone, mm SMC1,SMC2
EXt = excess at time t, mm SMC3

Fi = drainable porosity of the soil
of i*h zone STAT

K = hydraulic conductivity TR1,TR2,
L = drain spacing TR3
mm or MM = . millimeter

MON = month TRMAX
PEt = potential evapotranspiration at

time t, mm
precipitation at time t, mm
drainage rate from itn zone,
mm/day
maximum drainage rate ofthe
soil profile, mm/day
surface runoff, mm
soil moisture storage which is
still available for plant use at
time t, mm

soil moisture storage of first,
second and third zones, mm
weather station

transient storage of first,
second and third zones, mm
maximum transient storage of
the soil profile, mm
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TRt

A(TR)or
DELTR

t

At or DELT

AZ or DELZ

transient storage remaining at
time t, mm

change in transient, mm
time, day
time interval = 1 day
water table depth, mm
change in water table depth,
mm

i = subscript representing a parti
cular zone, i = 1, 2, 3.

OBJECTIVES

The objectives of this study were:
1. To develop a relatively simple simulation
model to predict water table levels in flat
land areas where subsurface drains might
sometime be installed; and
2. To compare predicted and observed
values of water table levels for a field where
subsurface drains exist.

STRUCTURE OF THE MODEL

The simulation model described in this
paper is a combination of three major
models: the water balance model, the water
table model and the computer model.

THE WATER BALANCE MODEL

The principle of a water balance for a
storage requires:

Inflow = Outflow ± Change in storage (1)

For the purpose of this paper two distinct
storages (soil moisture storage, which is the
difference between field capacity and wilting
point; and transient storage, which is the
drainable pore space) are considered. The
inflow is precipitation and the outflow is
divided among surface runoff, subsurface
runoff and actual evapotranspiration. The
soil profile is divided into 3 zones or layers,
see Fig. 1. The parameters of the soil
pertinent to the water balance for each zone
are also shown in Fig. I.

For any zone, a water balance equation
can be set out for soil moisture storage as

• (2)SMCt = SMCt-i + PREt - AEt - EXt .

where all terms are expressed in millimeters
and the subscripts t and t-1 represent the
ttn and (t-l)tn days, respectively.

For the case when the soil profile is at
field capacity before rainfall, the excess
water (EXt) *s equivalent to the net
precipitation for that day (PREf —AE{)
and will go into transient storage to cause a
rise in the water table.

For the case when the soil has a moisture

content less than its field capacity before a
rainfall, a portion of the net precipitation
would be needed to replenish the soil
moisture of the first, second and third layers
up to a magnitude equal to the field capacity.
The remainder is considered to be excess

(EXt). Tlris excess, which is equivalent to
the net accretion reported by van
Schilfgaarde (1965), goes into transient
storage in the drainable pore space and
causes the water table to rise.

If the rain was insufficient to bring the
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TABLE I. AE/PE RATIOS USED IN THE WATER BALANCE MODEL FOR THREE
DIFFERENT SOIL MOISTURE STORAGE AMOUNTS

Successive

zone

of soil

profile

Total soil moisture

storage = 60 mm

Maximum value

of SMC of zone

(mm)
AE

PE

Total soil moisture

storage = 105 mm
Total soil moisture

storage = 151 mm

Maximum value

of SMC of zone

(mm)

Maximum value AE

AE of SMC of zone AE

PE (mm) PE

1 36 0.80 51 0.86 66 0.86
2 12 0.30 30 0.35 45 0.37
3 12 0.05 24 0.09 40 0.10
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Figure 2. Drainage rate as a function of water table height.

soil moisture content to field capacity, or if
no rain occurred on certain days, then there
would be no excess. In this case, the excess is
designated as zero, and actual evapotrans
piration will take place from available soil
moisture.

Soil moisture in the first zone is more
readily available for evapotranspiration
than soil moisture in the second and third

zones. Therefore, the actual evapotranspira
tion is obtained by multiplying the potential
evapotranspiration by values of AE/PE
depending on the soil moisture storage ofthe
zones from which water was withdrawn (see
Table I).

This method of estimation of actual

evapotranspiration is modified from van
Hylckama's (1956) method, which estimates
the actual evapotranspiration for different
climates. To simplify the water balance
computation, the curvilinear relationship,
where AE/PE reduces as the remaining
available water reduces, is replaced by a 3-
step function with AE/PE reducing from
one soil layer to the next lower layer in the
soil profile. The integral ofthe step function
equals the integral of van Hylckama's curvi
linear relationship.

The mathematical relationships used to
compute potential evapotranspiration in the
model were obtained by Baier (1971).
Potential evapotranspiration and

precipitation were used as input in the
model.

It is assumed that water is withdrawn by
evapotranspiration from the uppermost
moist zone before extraction from the next

lower zone. The assumptions used here are
made to give a reasonable approximation to
the reality that the water is extracted faster
from the upper root zone layers than from
lower layers. This approach has also been
used by Baier (1971).

It is also assumed that actual evapo
transpiration takes place directly from the
transient storage at the rate ofthe maximum
AE/PE coefficient value times the potential
evapotranspiration if the water table is on
the surface or in the top 250 mm of the
profile. This assumption is consistent with
the studies reported by Childs (1970) and
Schleusemer and Corey (1950). Total
evaporation from foliage retention, bare soil
and plants is considered to be actual evapo
transpiration.

On days with precipitation, actual
evapotranspiration takes place from that
precipitation at maximum coefficient values
times the potential evapotranspiration rate.
On days when the precipitation exceeds
actual evapotranspiration, the remainder
then satisfies soil moisture storage of the
first, second and third layers, respectively,
followed by transient storage, subsurface
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runoff and surface runoff.

Since the main concern of this paper is
for flat crop land in a region with a
permanent water table within 3 m of the
surface, all subsurface runoff is assumed to
occur through subsurface drainage systems,
or as shallow interflow to field ditches in the

case of fields without subsurface drains.

Surface runoff is assumed to occur only
when the soil is saturated to the surface.

These assumptions appear to be justified
from observations reported by Broughton
(1972). During high intensity storms, when
the precipitation rate exceeds the infiltration
rate, surface runoff may occur when the
water table is not close to the surface. In 5 yr
of observations (1966-71) of flat fields of sod
and maize in Soulanges County, only two
summer rainstorms gave significant surface
runoff before the soil was saturated to the

surface. The assumption, used in the model
of this paper, that there is no surface runoff
until the soil is saturated to the surface is

conservative in the sense that earlier surface

runoff would result in less transient storage
and a faster lowering ofthe water table in the
field than predicted by the model.

It is assumed that water in the drainable

pore space, between saturation and field
capacity, percolates to the drains at the
prescribed drainage rate. A prescribed
drainage rate can be achieved in a drainage
system by (i) restricting the size of drain
tubes for the area to be drained or (ii) by
relating the drain depth and spacing with the
soil hydraulic conductivity such that the soil
restricts drainage to approximately the
prescribed rate when the water table is at a
specified depth. The possible drainage rate
for the soil is indicated in Fig. 2. The
maximum outflow rate of 9 mm per day due
to drain tube capacity restrictions, and the
drainage rate used to approximate outflow
limited by the soil for one of the
computation runs are also shown in Fig. 2.

Deep seepage is treated as part of the
subsurface drain outflow. In locations where

deep seepage could be expected to proceed
at significant rates, a design drainage rate
could be obtained by subtracting the
estimated deep seepage rate from the total
subsurface drainage rate shown by the
model computations. The centers of the
drain tubes in this model are considered to

be placed at a depth of 1 m, at the base ofthe
third zone. The model could be adjusted for
other drain depths if computations of the
water table performance for such drain
depths are designed.

WATER TABLE MODEL

Assuming a nearly flat water table, i.e.
subsurface drainage flow is restricted by
drain tube capacity, daily changes in water
table depth at the mid-spacing between
drains were determined using the equation:

Ri(t) 1SJFl

where At = 1 day.
This model was supported by Ede (1960)
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^—i
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Figure 3. General flow chart for the computer model.
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TABLE II. DAILY WATER TABLE DEPTHS AND WATER BALANCE PARAMETERS COMPUTED FROM WEATHER DATA STATION:
MACDONALD COLLEGE, 1973

PE AE PRE RO F R TR SMC1 SMC2 SMC3

R.DELT

=DELTR DELZ z

Day Mo Yr (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)

2.20 36.00 36.00 12.00 12.00 0.00 0.00 0.00

1 4 '73 1.22 0.98 41.91 38.73 0.05 2.20 36.00 36.00 12.00 12.00 0.00 0.00 0.00

2 4 '73 1.22 0.98 9.91 6.73 0.05 2.20 36.00 36.00 12.00 12.00 0.00 0.00 0.00

3 4 '73 1.22 0.98 0.00 0.00 0.05 2.20 32.82 36.00 12.00 12.00 -3.18 -63.52 63.52

4 4 '73 1.22 0.98 24.64 18.29 0.05 2.20 36.00 36.00 12.00 12.00 3.18 63.52 0.00

5 4 '73 1.22 0.98 0.00 0.00 0.05 2.20 32.82 36.00 12.00 12.00 -3.18 -63.52 63.52

6 4 '73 1.22 0.98 000 0.00 0.05 2.20 29.65 36.00 12.00 12.00 -3.18 -63.52 127.04

7 4 '73 1.22 0.98 0.00 0.00 0.05 2.20 26.47 36.00 12.00 12.00 -3.18 -63.52 190.56

8 4 '73 1.22 0.98 0.00 0.00 0.05 2.20 23.30 36.00 12.00 12.00 -3.18 -63.52 254.08

9 4 '73 1.22 0.98 0.00 0.00 0.05 2.20 21.10 35.02 12.00 12.00 -2.20 -44.00 298.08

10 4 '73 1.22 0.98 0.00 0.00 0.03 2.20 18.90 34.05 12.00 12.00 -2.20 -44.00 370.14

11 4 '73 1.22 0.98 0.00 0.00 0.03 2.20 16.70 33.07 12.00 12.00 -2.20 -73.33 443.47

12 4 '73 1.22 0.98 0.00 0.00 0.03 2.20 14.50 32.10 12.00 12.00 -2.20 -73.33 516.80

13 4 '73 1.22 0.98 0.00 0.00 0.03 2.20 12.30 31.12 12.00 12.00 -2.20 -73.33 590.14

14 4 '73 1.22 0.98 0.00 0.00 0.03 2.20 10.10 30.14 12.00 12.00 -2.20 -73.33 663.47

15 4 '73 1.22 0.98 0.00 0.00 0.03 0.60 9.50 29.17 12.00 12.00 -0.60 -20.00 683.47

16 4 '73 1.22 0.98 0.00 0.00 0.03 0.60 8.90 28.19 12.00 12.00 -0.60 -20.00 703.47

17 4 '73 1.22 0.98 0.00 0.00 0.03 0.60 8.30 27.22 12.00 12.00 -0.60 -20.00 723.47

18 4 '73 1.22 0.98 0.00 0.00 0.03 0.60 7.70 26.24 12.00 12.00 -0.60 -20.00 743.47

19 4 '73 4.67 3.74 0.00 0.00 0.03 0.60 7.10 22.50 12.00 12.00 -0.60 -20.00 763.47

20 4 '73 5.08 4.06 0.00 0.00 0.03 0.60 6.50 18.44 12.00 12.00 -0.60 -20.00 783.47

21 4 '73 1.42 1.14 1.02 0.00 0.03 0.60 5.90 18.32 12.00 12.00 -0.60 -20.00 803.47

22 4 '73 4.67 3.74 1.27 0.00 0.03 0.60 5.30 15.86 12.00 12.00 -0.60 -20.00 823.47

23 4 '73 3.05 2.44 0.00 0.00 0.03 0.60 4.70 13.42 12.00 12.00 -0.60 -20.00 843.47

24 4 '73 2.64 2.11 0.00 0.00 0.03 0.60 4.10 11.31 12.00 12.00 -0.60 -20.00 863.47

25 4 '73 2.85 2.28 0.00 0.00 0.03 0.60 3.50 9.03 12.00 12.00 -0.60 -20.00 883.47

26 4 '73 3.70 2.96 0.00 0.00 0.03 0.60 2.90 6.07 12.00 12.00 -0.60 -20.00 903.47

27 4 '73 1.02 0.82 2.29 0.00 0.03 0.60 2.30 7.54 12.00 12.00 -0.60 -20.00 923.47

28 4 '73 0.00 0.00 8.90 0.00 0.03 0.60 1.70 16.44 12.00 12.00 -0.60 -20.00 943.47

29 4 '73 0.82 0.66 2.54 0.00 0.03 0.60 1.10 18.32 12.00 12.00 -0.60 -20.00 963.47

30 4 '73 1.83 1.46 0.00 0.00 0.03 0.60 0.50 16.86 12.00 12.00 -0.60 -20.00 983.47

and Broughton (1972) who have shown that
the rate of fall of the water table is relatively
uniform across the middle 2/3 ofthe drain
spacing. The model can be considered to
apply to the part of the field where the water
table is the highest. When the drain tube
restricts the drainage rate as in the case of
narrowly-spaced drains, and for soil of high
hydraulic conductivity, the water table is
relatively flatter between the drains than
given by theoretical equations, which are
based on the restrictions to flow being due to
the soil and not the drain tube size. Neither
spacing between lateral drains, nor soil
hydraulic conductivity has been taken into
account in this model. It is expected that for
the design of a subsurface drainage system
for a particular field, a spacing will be
selected that is consistent with the hydraulic
conductivity and drainable porosity of the
soil and other relevant parameters.
Furthermore, the vertical drainage rate has
been considered to be uniform across the
field. This assumption is conservative if the
mid-point between the drains is used as the
place for which water table depths are
calculated.

COMPUTER MODEL

The components of the water balance
and water table models have been
programmed in the FORTRAN IV Gl
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language for an IBM 360/75 computer. A
generalized flow chart ofthe model is shown
in Fig. 3. Three zones of the soil profile were
considered for the model. The model

contains the following parts:
1. Input of station identification
2. Input data, precipitation and potential

evapotranspiration, date
3. Input parameters for each zone of the

soil profile such as drainable porosity,
maximum values of transient storage
and soil moisture storage, AE/PE
ratio, and initial water table depth

4. Input parameters for the entire soil
profile such as maximum transient
storage (TRM AX), maximum drainage
rate (RMAX), and maximum soil
moisture storage (AW)

5. Calculation of actual evapotranspira
tion

6. Calculation of soil moisture storage
7. Calculation of change in transient

storage

8. Calculation of change in water table
depth

9. Calculation of water table depth from
soil surface

10. Calculation of surface runoff
11. Calculation of subsurface d rainage rate

The initial soil moisture storage for each
zone, the climatic and soil parameter values,
and the beginning date, were read to begin
the computations. The computer program

for each year began with 1 Apr. Therefore,
the water table depth was initiated as zero
and the initial soil moisture storage for each
zone was initiated as the maximum value of
soil moisture storage of respective zones for
31 Mar. In many years the water table would
not be right at the surface on 31 Mar.
However, the precipitation and snowmelt in
the Ottawa-St. Lawrence lowlands exceed

the evapotranspiration every year by a
sufficient amount to bring the water table to
the surface in the last 2 wk of March or the

first 2 wk of April. Errors in starting water
table level would have no influence after 15
Apr. in most years in this region. By 15 Apr.
the natural water table would coincide with
the computed water table. While the
assumption of the water table being at the
surface on 31 Mar. could be wrong by a
small amount, this error would not influence
the accuracy ofthe model for May and later
months. A different starting day and soil-
water criterion could be used for the
application of this model in a different
climatic region. The number of months of
daily data to be input for a year is read into
the computer, which enables the model to be
used for those specific months.

From Fig. 1 it can be seen that water is
drained from the first and second zones at

the same rate but with different drainable
porosities. On days when the water table
remained in the same zone after drainage
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TABLE III DAILY WATER TABLE DEPTHS AND WATER BALANCE PARAMETERS COMPUTER FROM WEATHER DATA STATIONN

MACDONALD COLLEGE

PE AE PRE RO F R TR SMC1 SMC2 SMC3

R.DELT

=DELTR DELZ Z

Day Mo Yr (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)

1 5 '73 1.82 1.46 2.54 0.00 0.03 0.50 0.00 17.94 12.00 12.00 -0.05 -16.53 1000.00

2 5 '73 1.62 1.30 1.27 0.00 0.03 0.00 0.00 17.92 12.00 12.00 0.00 0.00 1000.00

3 5 '73 2.23 1.78 7.62 0100 0.03 0.00 0.00 23.75 12.00 12.00 0.00 0.00 1000.00

4 5 '73 1.63 1.30 0.25 0.00 0.03 0.00 0.00 22.70 12.00 12.00 0.00 0.00 1000.00

5 5 '73 0.00 0.00 1.52 0.00 0.03 0.00 0.00 24.22 12.00 12.00 0.00 0.00 1000.00

6 5 '73 3.25 2.60 0.00 0.00 0.03 0.00 0.00 21.62 12.00 12.00 0.00 0.00 1000.00

7 5 '73 4.68 3.74 0.00 0.00 0.03 0.00 0.00 17.88 12.00 12.00 0.00 0.00 1000.00

8 5 '73 1.62 1.30 4.82 0.00 0.03 0.00 0.00 21.40 12.00 12.00 0.00 0.00 1000.00

9 5 '73 0.20 0.16 9.40 0.00 0.03 0.00 0.00 30.64 12.00 12.00 0.00 0.00 1000.00

10 5 '73 0.81 0.65 13.21 0.00 0.03 0.60 6.60 36.00 12.00 12.00 6.60 220.06 779.94

11 5 '73 3.66 2.93 5.33 0.00 0.03 0.60 8.40 36.00 12.00 12.00 1.80 60.07 719.88

12 5 '73 3.66 2.93 22.29 0.00 0.03 0.60 7.80 35.36 12.00 12.00 -0.60 -20.00 739.88

13 5 '73 3.86 3.09 4.06 0.00 0.03 0.60 7.54 36.00 12.00 12.00 -0.27 -8.87 748.74

14 5 '73 3.05 2.44 0.00 0.00 0.03 0.60 6.94 33.56 12.00 12.00 -0.60 -20.00 768.74

15 5 '73 4.47 3.58 0.00 0.00 0.03 0.60 6.34 29.98 12.00 12.00 -0.60 -20.00 788.74

16 5 '73 3.06 2.45 0.00 0.00 0.03 0.60 5.74 27.54 12.00 12.00 -0.60 -20.00 808.74

17 5 '73 4.47 3.58 0.00 0.00 0.03 0.60 5.14 23.96 12.00 12.00 -0.60 -20.00 828.74

18 5 '73 1.42 1.14 8.64 0.00 0.03 0.60 4.54 31.46 12.00 12.00 -0.60 -20.00 848.74

19 5 '73 0.81 0.65 10.41 0.00 0.03 0.60 9.16 36.00 12.00 12.00 4.63 154.20 694.54

20 5 '73 1.22 0.98 9.14 0.00 0.03 2.20 15.13 36.00 12.00 ' 12.00 5.96 198.80 495.74

21 5 '73 4.68 3.74 2.03 0.00 0.03 2.20 12.93 34.29 12.00 12.00 -2.20 -73.33 569.08

22 5 '73 1.41 1.13 1.02 0.00 0.03 2.20 10.73 34.18 12.00 12.00 -2.20 -73.33 642.41

23 5 '73 2.65 2.12 0.00 0.00 0.03 0.60 10.13 32.06 12.00 12.00 -0.60 -20.00 662.41

24 5 '73 5.08 4.06 0.00 0.00 0.03 0.60 9.53 27.99 12.00 12.00 -0.60 -20.00 682.41

25 5 '73 4.26 3.41 0.00 0.00 0.03 0.60 8.93 24.59 12.00 12.00 -0.60 -20.00 702.41

26 5 '73 3.46 2.77 0.00 0.00 0.03 0.60 8.33 21.82 12.00 12.00 -0.60 -20.00 722.41

27 5 '73 3.05 2.44 0.00 0.00 0.03 0.60 7.73 19.38 12.00 12.00 -0.60 -20.00 742.41

28 5 '73 4.47 3.58 10.16 0.00 0.03 0.60 7.13 25.96 12.00 12.00 -0.60 -20.00 762.41

29 5 '73 3.25 2.60 15.24 0.00 0.03 0.60 9.13 36.00 12.00 12.00 2.00 66.73 695.68

30 5 '73 2.44 1.95 0.76 0.00 0.03 0.60 8.53 34.81 12.00 12.00 -0.60 -20.00 715.68

31 5 '73 2.23 1.78 11.94 0.00 0.03 2.20 15.29 36.00 12.00 12.00 6.76 225.47 490.21

TABLE IV. WEATHER AND LAND DRAINAGE PARAMETERS USED FOR COMPARING

THE WATER TABLE DEPTH OBTAINED BY THE COMPUTER PROGRAM
WITH OBSERVED WATER TABLE DEPTH

Zone

i

Maximum

value of

SMC

36

12

12

Drainable

porosity
Fi

0.05

0.03

0.03

took place (either zone 1 or zone 2), a new
water table depth was obtained as:

Zr=ZM±AZ (3)

where

A7 TRui-TRt A(77?)
Az-—^i =-TT (4)
and

TRt = TRt.\ +EXt - Rj(t) (5)

Equation 3 will give erroneous results
when the water table position changes from
the first to the second zone, or from the
second to the first zone, within a day. To
avoid this error, an appropriate equation
was applied in each case as follows:

For the rising water table case:

z _/)l (/>1-ZM)F1+A(77?)
zr ~D\ •=. (6)

F2

Drainage
rate Rj

(mm/day)

2.2

2.2

0.6

(AE
lPE

0.8

0.3

0.05

Maximum value

ofTR

(mm)

15

9

12

For the falling water table case:

(ZM-/)1)F2-A(77?)
-Dy

F\
(7)

Time intervals (At) of one day were
used in the model. Of the input
meteorological data which have been stored
in the computer, precipitation and potential
evapotranspiration for the first day are
called for the computation. The appropriate
parameter values and drainage rate with
respect to the water table position ofthe day
before are selected. The actual evapo
transpiration, soil moisture content,
transient storage, runoff and water table
depth are then computed for each day as
described above. The daily results are
printed out, as shown in Tables II and III.
The computer then calls the input data for
the next day and repeats the computations.

Tables II and III give the computer
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output for the months of April and May
1973.

TEST OF THE SIMULATION MODEL

Observed water table positions and sub
surface drain outflow data from a field on

the Macdonald College Farm for the
growing season of 1973 were used to test the
simulation model.

Figure 4 shows that a maximum drainage
rate of 4 mm per day occurred when the
water table was close to the surface at mid-

spacing between two drains. A drainage rate
of 2.2 mm per day was selected for zones 1
and 2 and a rate of 0.6 mm per day was
selected for zone 3. These drainage rates are
quite low compared with normal design
values of drainage coefficients. However,
the low drainage rate in the experimental site
is due to a low hydraulic conductivity in the
clay below the top soil, and to the wide
spacing (36.6 m) between the drains.

The constants used for the parameters in
the particular run ofthe programs are given
in Table IV. Total soil moisture storage for
the entire profile (AW) = 60 mm. Total
transient storage for the entire profile
(TRMAX) = 36 mm.

The input weather data were obtained
from the Macdonald College weather
station about 1 km from the field where the
water table measurements were made.

Potential evapotranspiration was obtained
by multiplying measured pan evaporation
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Figure 5. Measured and predicted water table depths in the field at the Macdonald College Farm,
April -July 1973.

by coefficients of 0.8 for the months of
April and May, and 0.75 and 0.70 for the
months ofJune and July, respectively. These
coefficients are consistent with correlations
between pan evaporation and potential
evapotranspiration such as those reported
by Lake and Broughton (1968) for this
latitude and region. Close agreement
between the observed and simulated water

table depths can be seen in Fig. 5. Closer

agreement between calculated and observed
water table levels might be obtained if the
model were refined to use R and F as

functions of Z rather than as discrete values

for each soil zone.

CONCLUSIONS

A water balance model has been

developed which takes into account the

phenomena of rainfall, evapotranspiration,
soil moisture recharge, subsurface drain
flow, water table fluctuations and surface
runoff for the period ofthe year when snow
cover and frozen soil are not major factors.
Assumptions to simplify the quantitative
computations have been conservative.
Water table depths calculated by the digital
computer for this model agree favorably
with observed field data when the soil
parameters of drainable porosity, available
water content and drainage rate for that field
were used.

With this model and computer program
it is possible to compute the water table
depths to be expected in particular soils for
particular subsurface drainage system
capacities for an average depth to subdrain
centers of 1.0 m. If the model is to be used in
a region where a significant portion of the
rainfall runs off before the soil is saturated to

the surface, then some modifications to the
program will be required.

The simulation model can be used for the

soil in a region with appropriate values of
parameters R and F with as many years of
precipitation and evapotranspiration data
as are available to obtain frequency of
occurrence of water tables deleteriously
close to the soil surface. An analysis of these
frequency data together with crop or
machine mobility criteria could permit
selection of the most economical drainage
coefficients for the design of subsurface^
drainage systems.
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