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DERTVATION OF INITIAL SOIL MOISTURE ACCOUNTING PARAMETERS
FROM SOIL PROPERTIES FOR THE NATIONAL WEATHER SERVICE RIVER FORECAST SYSTEM

Bobby L. Armstrong
Tulsa River Forecast Center, National Weather Service, NOAA, Tulsa, Okla.

ABSTRACT. The method developed in this research will provide the
initial soil moisture accounting parameters for the National
Weather Service River Forecast System. The parameters will be .
physically consistent between basins and subareas of basins. In
this study, each parameter used in the conceptual runoff model
is investigated, and a computational procedure relating to soil
properties is developed. Parameters are derived (for Council
Creek mnear Stillwater, Okla.) and used in a computer verifica-
tion program.

This study demonstrates a practical and useful ‘solution for ob-
taining soil moisture accounting parameters from soil proper-
ties. The effectiveness of this procedure can be increased by
using it in conjunction with the parameters derived from basin
hydrographs. Although the parameters derived from soil proper-
ties produce an excellent initial simulation, the optimum param-
eters may be found only by a trial and error approach that must
be computerized because of the complexity of the model. By the
use of this method, the number of trial and error attempts will
be greatly decreased, and a considerable savings of man-hours
and computer time will result.

I. INTRODUCTION ranged from a procedure that would give run-
off as a percentage of rainfall to coaxial
A. Background relationships which would include such input

as week of the year, duration of rainfall,
The basic and probably the most important  antecedent precipitation index, and amount
component of a river forecasting procedure  of rainfall.
is the rainfall-runoff relation that con- Runoff values derived from soil moisture
verts precipitation amounts to the volume of  podels that are conceptual in nature relate
water observed in the stream channel. The to actual processes in nature. They are de-
maximum benefit derived from an accurate signed to reproduce all components of flow
river forecast that predicts flooding occurs  gpg generate continuous hydrographs. Models
when the time between forecast issuance and of this type are complex since a consider-
flood is the greatest since this gives the able number of parameters are used. The par-
maximum reaction time to take protective  apeters can be approximated from hydrographs
measures to save lives and property. A good  p from observed basin characteristics. . By
rainfall-runoff relation will provide the  (ho yse of soil moisture models, forecasts
maximum possible benefit since it will be . ,1 pe prepared for water quality, water
possible to issue a forecast as soon as the supply, and soil moisture levels for agri-
rainfall is observed and reported. If it is  yltyre as well as for floods. Parameters to
necessary to adjust the forecast hydrograph forecast a basin are wusually developed by
by the use of observed river stages, the re- computer programs that analyze a given peri-
action time can be greatly reduced. od of record with a given set of soil mois-
A number of methods have been developed to  tyre accounting parameters. The basis of the
convert rainfall to runoff. The philosophy approach is that past responses of the river
to use the simplest procedure that will give  4p¢ keys to the future responses. It is very
good results has often been followed espec- important that a full range of soil moisture

ially before the widespread use of compu- conditions be observed over the selected
ters. Operational rainfall-runoff relations period of record which wusually has a dura-




Table 1.--Nomenclature*®

AD Total area of 'D"
soils (mi?)

Classification

ADIMC  Additional impervious contents = (mm)

ADIMP Additional impervious parameter (%)

AWC Available water capacity (in./in.)

BA Total basin area (mi?)

" CFS Cubic feet per second

D Average distance from cdge of basin
to nearest stream (ft)

DEFR Lower zone - soil moisture deficiency
(%)

ET Evapotranspiration (mm/day)

I Infiltration (in./hr)

KI Coefficient for saturated arca along
stream

Kp Coefficient of permeability(gpd/ft?)

LZ . Lower zone

LZFPC Lower zone primary contents (mm)

LZFSC  Lower zone supplemental contents (mm)

LZFPM  Lower —zone primary maximum (mm)

LZFSM  Lower zone supplemental maximum (mm)

LZP Permeability of  LIZIFSM  thickness
(in./hr)

LZPK Lower zone primary drainage rate
(%/day)

LZSK Lower zone supplemental drainage
rate (%/day)

LZTWC Lower zone tension water contents
{mm})

LZTWM Lower zone tension water maximum(mm)

N Average number of days interflow
observed

NWS National Weather Service

NWSRFS National Weather Service River Fore-

cast System

% Permeability (in./hr)

PBASE  Maximum flow lower free water zones
produce {mm/day)

PCTIN Percent impervious (%)

PFREE Percolation water percentage to low-
er free water zones (%)

RA Area of riparian vegetation (mi?)

REXP Percolation exponent

RSERV Lower free water reserved (%)

SA Average surface arca of stream (mi?)

SARVA  Fraction of basin covered by water
and riparian vegetation (%)

SAW Area of basin covered by streams and
lakes (mi?)

SCS Soil Conservation Service

SCST Supplemental computed soil thickness
(in.)

SIDE Ratio of unobserved to observed base
flow (%)

SSOUT ~ Flow lost from total channel flow
(m3/s)

TSPT Total soil profile thickness (in.)

UCST Upper computed soil thickness (in.)

USDA United States Department of Agricul-
ture

UZFWC  Upper zone free water contents (mm)

UZFWM  Upper zone free water maximum  (mm}

UZK Upper czone drainage rate (%/day)

Uzp Permeability of UZFWM  thickness
(in./hr)

UZTWC  Upper zone tension water contents
(mm)

UZTWM  Upper zone tension water maximum(mm)

ZPERC Percolation factor (%)

*Pertinent terms are included. The interested reader should contact the author for any

term not listed above.

tion of several vyears. After a simulated
hydrograph set is produced from the initial-
1y selected parameters, it is compared to
the observed hydrograph set. Differences
between the hydrograph sets are noted, and
manual changes are made in the soil moisture
accounting parameters to improve the correl-
ation; then another computer run is made
with revised parameters. This = procedure is

complex; it must be repeated many times un-
til an optimum fit between the observed and
simulated hydrographs is obtained. Obvious-
ly, the closer the initial parameters are to
the optimum, the quicker the basin can be
modeled. Hence, computer time and many man-
hours are saved. Also, if all the initial
parameters are realistic, there is a greater
probability that all of the optimum parame-




ters will be conceptually correct. Modeling
of a basin not only consists of changes in
the soil moisture . accounting parameters but
also may include the histogram, routing,
evapotranspiration, and precipitation.

The U.S. National Weather Service (NWS) in
1972  developed  a river forecast system
(NWSRFS) that will be used by their River
Forecast Centers in making operational fore-
casts. (See table 1.) The system (Staff,
Hydrologic Research Laboratory, 1972) in-
cludes a catchment model that wuses a

moisture accounting system. In 1974, the
moisture accounting system used 1in the
NWSRFS was changed to the catchment model

developed at the NWS Sacramento, Calif.,
River Forecast Center by Burnash et al.
(1973). The system has the proven capability
of producing top quality forecasts. The
Sacramento system shown in figure 1 defines
two layers, upper and lower, with each layer
consisting of free water and tension water
storages. A percolation equation that moves
water from the upper to lower zone is an im-

portant component of the system. A total of
17 soil moisture accounting parameters are
used to simulate streamflow. Many of the
parameters are interrelated. To produce a

hydrograph, the model uses a histogram that
can have areal zones assigned to specific
histogram elements. It is, therefore, pos-
sible to select a set of parameters for each
areal zone that consists of different hydro-
logic characteristics. Since the parameters
have been developed to simulate high and low
flows, the model should perform equally well
on streamflows of all magnitudes. The oper-
ational use of the model is dependent on the
availability of high speed computers since
the numerous and time-consuming calculations
that are performed for each basin cannot be
done manually on a real-time basis with pro-
cedures now available.

Since the modeling of a basin is an ex-
tremely time-consuming process and the area
to be modeled is extensive, any method to
decrease the time spent on each basin would
be extremely valuable. One of the best ap-
proaches is to obtain a set of initial par-
ameters as conceptually valid as possible.
The method (Peck 1976) to obtain beginning
parameters from an observed hydrograph set
over a period of record as long as 10 yr has
been used with some success, but it has sev-
eral drawbacks. The hydrograph method is de-
pendent on the lower =zones being totally
saturated within the selected period of re-
cord, which rarely occurs - in some regions.
Also, it is necessary to have streamflow re-
cords available to even get started, and it
is not really possible to deal with discon-
tinuities across the basin. By the develop-
ment and use of a physical characteristic

soil.

method, similar basins can be modeled with
similar parameters. Consequently, the divis-
ion of gaged basins to conform with definite
discontinuities is possible as well as  ob-
taining parameters for basins that are to-
tally ungaged.

The most available source
for a physical characteristic model is the
estimated engineering soil properties de-
rived by the U.S. Soil Conservation Service
(SCS). Published soil surveys on a county
basis are often available. Soil survey in-
terpretations for specific soils are also
available. The most apparent soil properties
that are applicable to conceptual models are
permeability, available water capacity, in-
filtration, USDA texture, and shrink-swell
potential.

The soil property derivation method was
developed and tested in Oklahoma and Kansas.
There were no radical changes in climate,
topography, or land use within the area of
development. The developed method was not
intended to replace or even supersede the
derivation of parameters from a hydrograph
set (Peck 1976). The separation of hydro-
graph components is and always has been an
important phase of hydrologic analysis. Re-
member that there will be a parameter set

of measurements

available from the soil property computa-
tions for the first calibration run (semi-
log plot). The soil property parameter set

can then be compared to the observed hydro-
graphs, and such parameters as LZPK and LZSK
can be calculated -quickly for the second
run. Hence, there is a place for the use of
both methods if  streamflow trecords are
available. The two methods are the most ap-

plicable to headwater basins.

B. Objectives

The objectives of this research are to re-
late the soil moisture accounting parameters
used in the NWSRFS to the engineering soil
properties that are readily available in SCS
soil surveys, to provide a numerical proce-
dure to derive initial soil moisture

param-
eters for use in modeling a basin, and to
apply a derived parameter set to an actual

basin. The soil derivation method is the
first attempt of this type; it points a di-
rection rather than defining the ultimate
solution.

In sectiorn II, the overall theory
NWSRFS Catchment Model is
hydrologic literature. The work previously
done to obtain initial soil moisture ac-
counting parameters is defined. In section
III, the SCS soil properties used for the
parameter derivations and the soil moisture
accounting parameters are discussed. The
equations that have been developed to com-
pute the parameters in this research are

of the
supported by the
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presented in section IV. 1In section V is a
demonstration of the use of the derived
equations and the application of the derived
parameters on an actual basin. The computer
listing of the NWSRFS Soil Moisture Account-
ing Subroutine in appendix I contains the
equations wused in the computation of runoff
increments and the contents of the model
zones. Any question on a specific process
can be ultimately answered after following
it through the computer program.

II. Review of Literature

Methods of converting rainfall to runoff
have changed from single event approaches
described by Linsley et al. (1958) to the
present conceptual models that became prac-
tical with the advent of modern high-speed
computers. The present soil moisture ac-
counting system used by the National Weather
Service in the NWSRFS was developed at the
Sacramento River Forecast Center in Sacra-
mento, Calif.

In 1971, Burnash and Ferral were develop-

ing a river forecast system that would rep--

resent streamflow in a physically consist-
ent manner. A hydrologic model by Burnash
et al. (1973) was presented (giving simpli-
fied approximations of natural processes)
that was consistent with soil moisture pro-
files determined by experimental studies
(Hanks et al. 1969 and Green et al. 1970).
The system was to correspond with observed
characteristics of moisture movement through
the soil mantle that included the formation
and transmission of the wetting front.

The NWSRFS is basically a two-level model.
Todd (1959) described soil water zones that
included the profile from the surface
through the major root zone and an inter-
mediate zone which was the profile from the
lower edge of the soil water zone to the up-
per limit of the capillary zone of the water
table. Both zones include capillary, gravi-
tational, and hygroscopic water.

Evapotranspiration is limited to the depth
that roots will penetrate. George et al.
(1957) reported that, in an area of 22.5 in.
of annual rainfall, 97.3% of the roots of
all plants were growing in the upper 4 ft of

soil. Richards and Richards (1957) reported
that the roots of most plants would not
enter wet saturated soils and high water

tables limit root penetration and even kill
roots which had penetrated below the current
water table Ilevel before it experienced an
upward movement. The removal of water from
the tension water zones in the NWSRFS con-
ceptual model is accomplished through evapo-
transpiration. Hence, the zones
limited to the depth of root penetration.
Peck (1976) presented a procedure that ex-
panded upon the previous method to derive

should be

initial parameters from an observed hydro-
graph set and then applied the parameters to
a basin. Four parameters were said to be
readily computed, six parameters were con-
sidered more difficult to derive, one param-
eter could be estimated from maps, two par-
amaters would be substituted from a nearby
basin, and nominal starting values were used
for three.

The conceptual model wused by the NWSRES
should relate to the engineering soil prop-
erties of a basin. The actual use of soil

properties in deriving parameters for the
model  has not ° been described in the
literature.

IIT. INITIAL PARAMETER DERIVATION COMPONENTS

The Soil Conservation Service (SCS) esti-
mated engineering properties of soils will
be used to derive the initial NWSRFS soil
moisture accounting parameters. All compon-
ents must be defined and evaluated before a
procedure to relate the components will be
meaningful.

A. Soil Conservation Service
Soil Survey Estimated Engineering Properties

Soil profiles are divided into layers that
are significantly different for purposes of
soil engineering. Engineering soil proper-
ties are given for each layer.

Soil texture 1is given in standard USDA
terms. It relates to the relative percentage
of sand, loam, and clay.

Available water capacity (AWC) is defined
as the ability of soils to hold water for
use by most plants. The value of AWC is con-
sidered to be the difference between the
amount of water at field capacity and the
amount at the wilting point of most crop
plants. Units commonly used are inches of"
water per  inch of soil. Hence, an AWC of
0.17 would mean that 0.17 of an inch of
water would wet the soil to a depth of 1 in.
AWC values are given in many county soil
surveys and soil survey interpretations.

Shrink-swell potential is the extent to
which the soil shrinks as it dries out and
swells when it gets wet. A high shrink-swell
potential will greatly reduce the downward
movement of water if the layer is wet.

Permeability is the quality of a soil that
enables it to transmit water or air. Values
do not take into account lateral seepage or
such transient features as plowpans and sur-
face crusts. Units commonly used are inches
of soil - that the water moves through per
hour. ‘

Infiltration rate is defined as the mini-
mum rate at which water penetrates the sur-
face of the soil at any given instant, usu-
ally expressed in inches per hour. Infiltra-




Table 2.--SCS infiltration rates

Soil type Inches of water per hour
A 0.45-0.30
.30~ .15
C .15- .05
D .05- .00

tion rates are widely used by the SCS in es-
timating runoff from rainfall for watershed
planning. Table 2 relates soil type to in-

filtration with the lower limit being used
fFor clays, the average value for loam, and
the upper limit for sand. Original SCS
classifications were made from rainfall-

runoff data obtained from small watersheds
or infiltrometer plots. The majority of the
s0ils classified are compared to profiles
alrcady classified to determine the soil
tyvpe. The theory is that similar soils will
produce the same amount of runoff during
heavy rainfall. Assumptions made in the
classification  are - that the soil surfaces
werc bare, maximum swelling had taken place,
and rainfall rates exceeded surface intake
rates.  The SCS (1964) has given group clas-
sitfications to more than 4,000 soils in the
United States and Puerto Rico.

Soil type A is defined as soils (low run-
off potential) having high infiltration
rates even when thoroughly wetted and con-
sisting chiefly of deep, well to excessively
drained soils or gravels. The soils have a
high rate of water transmission. Soil type B
is defined as soils (moderately low runoff
potential) having moderate infiltration
rates when thoroughly wetted and consisting
chiefly of moderately deep to deep, moder-
ately well to well drained soils with moder-
ately fine to moderately coarse texture. The

soils have a moderate rate of water trans-
mission. Soil type C is defined as soils
(moderately high runoff potential) having

slow infiltration rates when thoroughly wet-
ted and consisting chiefly of soils with a
layer that impedes the downward movement of
water, soils with moderately fine to fine
texture, or soils with moderate water ta-
bles. The soils are somewhat poorly drained.
Soil type D is defined as soils (high runoff
potential) having very slow infiltration
rates when thoroughly wetted and consisting
chiefly of <clay soils with a high swelling
potential, soils with a permanent high water
table, soils with a claypan or clay laver at
or near the surface, and shallow soils over
nearly impervious materials.

B. National Weather Service River Forecast
System Soil Moisture Accounting Parameters

Description

Percent impervious (PCTIM} is the perma-
nently impervious fraction of the basin con-
tiguous to the stream channel. Manmade im-
pervious areas such as paved parking lots
with direct drainage to the stream, areas of
impervious rock formation outcrops near the
stream, and the actuazl surface area of the
stream would be considered to be the basin
area to be assigned to PCTIM. This component
of runoff referred to as impervious runoff
will be produced from a given rainfall re-
gardless of the dryness of the soil and is
computed as a percentage of the rainfall. A
small rise in the stream following a pro-
longed dry spell would be composed of PCTIM
runoff.

Additional impervious (ADIMP) is the frac-
tion of the basin that becomes impervious as
all tension water requirements are met. This
parameter relates to an increase of impervi-
ous area as the saturated area of the basin
increases. A small stream rise after a very
wet period and after the upper zones have
dried enough to intake additional rainfall
would be composed of ADIMP runoff.

Upper =zone tension water maximum (UZTWM)
is the depth of water that must be filled in
the nonimpervious area before any water is
available to other storages. Water re-
tained as capillary water as well as surface
detention would be included in this storage.
Since this zone must be filled before there

is any response by the stream, a specific
amount of rainfall could be computed from
rainfall amounts that occurred and did not

produce a stream response any than
the impervious contribution.

Upper zone free water maximum (UZFWM) is
the depth of water that would be filled over
the nonimpervious portion of the basin in
excess of UZTWM. The content of this zone is
made available for interflow after percola-
tion and evaporation requirements are ful-
filled. Any overflow of this zone is surface
runoff. Derivation of the parameter from a
hydrograph set 1is not feasible. It is usu-
ally determined through trial and error.

Drainage rate (UZK} is the upper zone lat-
eral drainage rate that 1s expressed as the
ratio of the daily withdrawal to the avail-
able contents of the upper zone free water.
The parameter value is related to the length
of time that interflow occurs after a storm
of considerable runoff. UZK cannot be di-
rectly determined from a hydrograph analy-
sis. It has been suggested that a rough es-

greater




timate of UZK can be determined by

0.10=(1-uzK)Y (1)
where N is the average number of days that
interflow is observed.

Lower zone tension water maximum (LZTWM)

is the maximum capacity of the lower zone
tension water. This parameter is very dif-
ficult to extract from the hydrograph set.
LZTWM would be the capillary water retained
in the lower zone that does not become
streamflow but is removed through evapo-
transpiration. It, therefore, represents the
water that will be removed by existing
plants during dry periods.

Lower zone supplemental maximum (LZFSM) is
the maximum capacity of the lower zone free
water storage. The flow from this storage
is the supplemental base flow and is the
faster response component of the base flow.
This parameter may be derived from the hy-
drograph set if the zone is saturated during
the period of record being modeled.

Lower zone supplemental = drainage rate
(LZSK) is the lateral drainage rate of the
lower zone supplemental free water expressed
as a fraction of contents per day. LZSK may
be derived from the hydrograph set.

Lower zone primary maximum (LZFPM) is the
maximum capacity of the lower zone primary
free water storage. The flow from this stor-
age 1is the primary base flow and is the
slower response component of the base flow.
This parameter may be derived from the hy-
drograph set if the lower zone is saturated
during the period of record being modeled.

Lower zone primary drainage rate (LZPK) is
the lateral drainage.rate of the lower zone
primary free water expressed as a fraction
of contents per day. This parameter may be
derived from the hydrograph set. Variations
in daily evaporation during base-flow condi-
tions, especially during days of high temp-
eratures, will sometimes cause problems in
deriving the rate from the observed base
flow.

PBASE is the maximum flow that the sub-
surface zones are capable of producing as
base flow. If the lower zones are saturated,
PBASE would be the maximum percolation.
PBASE, an important component of the perco-
lation equation, is not an input parameter
but is computed from

PBASE= (LZFPM+LZPK+LZFSM«LZSK). (2)

.DEFR is the lower zone soil moisture defi-
ciency. The number, used in the percolation
equation, is not an input parameter but is

computed from

DEFR=1- ( LZTWC+LZFPC+LZFSC> (3)

LZTWM+LZFPM+LZFSM

where LZTWC 1s the contents of the lower
zone tension water; LZFPC, the contents of
the lower zone primary water; and LZFSC, the
contents of the lower zone supplemental
water.

Percolation factor (ZPERC) is a value used
to define the proportional increase in per-
colation from a saturated to a dry condi-
tion. The initial value of ZPERC is usually
estimated.

Percolation exponent (REXP) determines the
rate at which the percolation demand changes
from the dry condition to the saturated con-
dition. The initial value of REXP is usually
estimated.

Percolation water percentage (PFREE) is
the percentage of percolation water that di-
rectly enters the 1lower zone free water
without a prior claim by lower zone tension
water. £ the hydrographs at a basin return
quickly to the same base flow that was pre-
sent before the rise, a small value of PFREE
would be indicated.

Lower free water reserved (RSERV) is the
fraction of lower zone free water not avail-
able for resupplying —lower zone tension
water. The initial value is estimated.

SARVA is the fraction of the basin covered
by water and riparian vegetation areas.

SIDE 1is the ratio of unobserved to ob-
served base flow. This parameter represents
the ground water that does not appear at the
river gage. The value is usually 0.

SSOUT is a fixed rate of discharge lost
from the total channel flow.: The value is
usually 0.

Interrelation

The interrelation of parameters in the
model greatly increases the complexity of
reaching the optimum parameters. A concept-
ual model that truly relates to nature with
the many interactions which take place must
contain such an interrelationship. The heart
of the conceptual model is the percolation
equation, and a complete understanding of
the equation 1is important to successfully
model a basin. There are eight model param-
eters that affect the percolation equation;
and by changing any one of them, the percol-
ation curve (fig. 2) will change. The equa-
tion controls the movement of water in both
the upper and lower zones and is influenced
by the movement of water in all parts of the
profile. The parameters directly involved
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in the formula are LZFPM, LZIPK, LZIFSM, LZSK,
ZPERC, LZTWM, REXP, and UZFWM. The percola-
tion equation is

daily percolation rate=PBASE

© x(1+ZPERC+DEFRNEXPY | (1)

The shape of the percolation curve is de-
termined by the REXP parameter that will in-
fluence the percolation between 0 and 100%
deficiencies. The maximum percolation will
occur at 100% deficiency and is defined by

maXx. percolation rate=(1+ZPERC)«PBASE. (5)

The minimum percolation occurs at zero defi-
ciency and is equal to PBASE. By determining
the value of DEFR (eq 3) at the beginning of
a storm and plotting the point in relation
to the percolation curve (fig. 2}, the per-
colation to the lower zones may be increased
or decreased to yield the desired amount of
runoff necessary to produce the best fit
with the observed hydrograph. If the simu-
lated hydrograph crest is too high, the per-

colation should be increased; or if the hy-
drograph crest is too 1low, the percolation
should be decreased. By increasing or de-

creasing percolation, the volume of water to
be dealt with in the lower zones will also
be changed. Each hydrograph rise throughout
the entire simulation period should in turn
be plotted in relation to the percolation
curves so a decision can be made as to how

the parameters should be changed to produce
the best fit with the percolation curve. It
is important that a full range of DEFR val-
ues be found in the given simulation period
since it would be difficult to adjust the
curves with ' values at one extreme or the
other. The derivation of the optimum param-
eters for a basin will depend heavily on the
use of the percolation curve.

IV. DERIVATION OF EQUATIONS
TO COMPUTE SO11, MOISTURE PARAMETERS

A priority need of the highest order is a
method of determining parameter values so
they will be physically consistent between
basins and subareas of basins. The goal of
a conceptual model is to relate to the phys-
ical processes in nature. Hence, a source of
physical soil properties must be found that
1¢ available for most areas. The source
used is the SCS engineering soil properties
found 1in their county soil surveys or soil
survey interpretations. Figure 3 is an ex-
ample of the format of a typical soil survey
interpretation and. .shows the .information.
usually presented. SR k

Equations to compute 12 of the 17 parame-
ters required by the model were developed in
this research. The equations and procedures
are defined in this section. - A 13th parame-
ter is found by using table 5. The computed
parameters, which are initial values, will
not be the optimum because of the obvious
variations in nature, the lack of available
soil properties for the computational need
of each parameter, and the probable inabil-
ity of the model equations to exactly and
realistically reproduce every possible flow
component. The derivation procedure will
attempt to use the measurements readily
available in a realistic manner. Since past
experiences in engineering are considered in
making the estimates, recent SCS county soil
surveys (Swafford 1967) rather than the SCS
soil survey interpretations should be used
whenever possible. Remember that the magni-
tude of UZTWM, LZTWM, and the evapotranspir-
ation curve could be strongly influenced if
the rainfall input does not describe the
true basin precipitation. All thicknesses
must be converted to millimeters
(25.4 mm/in.) for use in the available com-
puter programs.

UZTWM by definition is closely related to
available water capacity. UZTWM must be
filled before any water 1is available for
free water (gravity water), and the water is
ultimately removed only through evapotrans-
piration. Available water capacity is the
maximum amount of water held in the soil
after gravitational water has drained away
and after the rate of downward movement of
water has materially decreased. An obvious
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problem must be resolved before a solution
can be determined. The use of a standard
thickness was considered, but a given zone
would ~obviously not be . thick .enough for
soils of ‘high permeability and not thin
enough for soils of very low permeability.
Also, the soil profile changes with a subse-
quent change in permeability so an approach
to the problem is apparent. Since the drain-
age rates used in the model are in daily in-
crements, the permeability (in./hr) times
24 hr is a logical approach. Exception would
be a layer of moderate to high shrink-swell
potential within the computed depth; thus
the zone thickness is the calculated thick-
ness or the depth to a moderate to high
shrink-swell potential layer whichever is
less. If the computed zonc thickness exceeds
the depth of the entire soil profile, then
the soil profile thickness will be used. If
the soil profile or arcal coverage consists
of soils of different characteristics, the
computations must . contain the correct per-
centage of each to obtain an overall correct
parameter. The computation equation is

UZTWM= (25.4) (AWC) (UCST) (6)
where UZTWM is the upper zone tension water
maximum (mm); AWC, the available water ca-
pacity (in./in.); and UCST, the wupper com-
puted soil thickness (in.).

LZTWM is the capillary water retained in
the lower zone that is not available to the
free water of the lower zones. Water is re-
moved only through evapotranspiration; con-
sequently, the zone would be restricted to
the depth of root penetration. The thickness

of the zone 1is considered to be the soil
profile below the upper =zone tension water
computed depth. If the zone includes  a
thick clay layer with a high shrink-swell
potential, the computed value will tend to
be much too high since the total thickness

would not be saturated by percolated water.
The computation equation is :

LZTWM=(25.4) (AWC) (TSPT-UCST) (7)
where LZTWM is the lower zone - tension water
maximum (mm); AWC, the available water ca-
pacity (in./in.); TSPT, the total soil pro-

file thickness (in.); and UCST, the wupper
computed soil thickness (in.).
UZFWM is related to the gravitational

water in the soil that drains away after the
available water capacity is full. The volume
as used in the model must first fill the
percolation requirements of the lower zones;
and then the remaining volume is removed to
satisfy the daily interflow requirement. If
the water remaining exceeds the capacity of
the zone, it is the computed surface runoff.

10

"a higher shrink-swell potential

The same UCST as used in the UZTWM is used
in the UZFWM equation. The equation to com-
pute UZFWM uses a ratio of the infilitration
rate of rainfall to the permeability. If
the ratio approaches a value of 1, a maxi-
mum free water volume for the computed soil
thickness would be indicated. A ratio of 1
or greater would indicate a quick response
of interflow, and the ratio volume must be
set at 1 in the equation. As the ratio be-
comes smaller and smaller, the free water in
the soil would approach a minimum value. The
computation equation is

UZFWM=[25.4][(é)(UCST)] (8)

in which UZFWM is the upper zone free water
maximum (mm); I, the infiltration (in. of
water/hr); P, the permeability (movement of
water through in. of soil/hr); and UCST, the
upper computed soil thickness (in.). A range
of values are usually given for permeabil-
ity. The smallest value is used for a high
shrink-swell potential and the largest value

- for a low shrink-swell potential.

UZK must be derived from -parameters that
indicate vertical flow rather than lateral
flow so a relationship must be attempted.
The daily volume of interflow will be equal
to water present in the upper zone free
water times UZK; accordingly, a value of UZK
that is larger than the actual will tend to
give a large component of interflow and de-
crease surface runoff. The ratio of infil-
tration to permeability was used since the
larger the value, the larger the component
of interflow. The value of UZK computed
would tend to be the maximum to be expected.

UZK should never be The
computation equation is

greater than 1.

_infiltration

ULK—permeability

(9)
where UZK is the drainage rate
(%/day) .

LZFSM should be computed with the same ap-
proach as that used for the UZFWM. The
thickness (SCST) should be computed by mul-
tiplying the permeability from the computed
UCST - downward by 24 hr or the thickness to
layer which-

equation is

upper zone

ever is less. The computation

LZFSM=[25.4][<mf1“m“°n (SCST}] ~ (10)

permeability

where LZFSM is the lower zone supplementa'l
maximum (mm) and SCST is the supplemental
computed soil thickness (in.).

LZSK is the daily lateral drainage rate
from the lower zone supplemental free water
storage that produces a component of base




flow in the stream. The flow has been de-
fined as having a source of flow different
from the primary flow and is observed on the
hydrograph as the recession immediately fol-
lowing the surface runoff and the interflow.
The LZFSM flow could be visualized as the
flow that would emerge through the surface
zone as the upper zone volume was depleted.
This would give the necessary lag to the
flow and would be most logical if the sup-
plemental zone were limited by a moderate to
high shrink-swell zone. By definition, the
upper zone is considered to be depleted when
the capacity has decreased to 10% of the
maximum, which is an estimate of hygroscopic
water that cannot be removed naturally.
Hence, a constant to relate to the upper
zone depletion and the subsequent flow from

the lower zone can be found. The computa-
tion equation is
_ UZK
LZSK — 7P an
1.9+(0.9)(sz

where LZSK is the lower zone supplemental
drainage rate (%/day); UZP, the permeability
of the UZFWM thickness (in./hr); and LZP,
the permeability of the LZFSM thickness
(in./hr). '

LZFPM is the ' storage that supplies the
volume for base flow in the stream. Since
the interrelationship of all the natural
processes is very complex, a logical ap-
proach to the maximum volume in the zone is
needed. If a high water table level is to
remain constant, there must be a balance
between inflow and outflow of the aquifer.
Specific yield is the ratio of water that
will drain freely from the material to the
total volume of the formation. The specific
yield (Linsley et al. 1958) of clay is 3%
and sand is 25%. Table 3 was developed by
interpolating. -the values. - An approach will
be taken that the lower zone storage is
equal to the specific yield of the lower
zone thickness. The layer thickness for
LZFPM is the total soil profile minus the
upper zone and supplemental zone  thickness-

Table 3.--Specific yields

Soil classification  Specific yield (%)

Clay 3
Silt loam 9
Loam "14
‘Sandy loam 20
Sand 25
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es. The computation equation is
LZFPM=[25.4] [ (TSPT-UCST-SCST)
x(specific yield) (12)
where LZFPM is the lower
mum (mm); TSPT, the total soil profile
thickness (in.); UCST, the upper computed
soil thickness (in.); and SCST, the supple-~
mental computed soil thickness (in.).

LZPK is a parameter that through defini-
tion will be computed with difficulty from
the soil properties available. In areas of
a relatively shallow soil profile, the lat- -
eral drainage rate is related to the coeffi-
cient of permeability (Kp) that is defined
in Linsley et al. (1958) as the discharge in
gallons per day (gpd) through an area of
1 ft? under a gradient of 1 ft/ft at 60°F.
By considering the lower zone thickness, the
lateral rate of flow may be determined.
Table 4 was developed by interpolating the
coefficients of permeability (Walton 1970)
for clay and sand.

LZPK is computed by determining the ratio
of the coefficient of permeability to the
average distance from the edge of the basin
to the nearest tributary of the stream. The
soil classification can be determined from
the soil profile and the correct Kp value
selected. It has been noted that the LZPK
computed by the developed equation will tend
to be the minimum limit. The computational
equation is

zone primary maxi-

Lzpk=K )50'134) (13)

where LZPK is the lower zone primary drain-
age rate (%/day); D, the average distance
from the edge of the basin to the nearest
tributary (ft); and Kp, the coefficient of
permeability (gpd/ft?).

ZPERC may be calculated from parameters
already computed. Note that, if any of the
five parameters used in the equation are un-
realistic, the computed ZPERC value may be
in error by a rather large amount. The max-
imum percolation is believed to take place
when the upper zones are full and the lower

Table 4.--Coefficients of permeability

Soil classification Kp (gpd/ft2)

Clay ; 2
Silty loam - 750
Loam 1,500
Sandy loam 2,250
Sand 3,000




zones are empty. It, therefore, will be as-

sumed that the maximum daily percolation
will be the maximum contents of the lower
zones. By substitution into the maximum

percolation rate equation and assuming 100%

deficiency in the lower zones, the computa-
tion equation is
7 -
ZPERC_LZTWM+LZFSM+L.‘FPM PBASE (14)

PBASE

where ZPERC 1is the percolation factor (%).

REXP is the exponent determining the rate
of change of percolation from a dry condi-
tion to a saturated condition of the lower
zones. The value of REXP may be related to
the soil classification of the soil profile
at the base of the upper zone. The minimum
permissible REXP value of 1.0 would indicate
an almost constant decrease of percolation
as the lower zone deficiencies decrease and
would relate to a sand. A large REXP would
indicate a rapid decrease of percolation as

the zones become saturated such as is ex-
pected in a clay. REXP. values (table 5)
have been estimated for “each soil
classification.

PCTIM is the impervious area of the basin
and would obviously consist of the surface
area of the stream. Impervious areas of the
basin adjacent to the stream such as paved
parking lots and possibly urbanized areas
should be added. A value of 0.001 is a good
initial value for headwater basins without
known impervious areas greater than the sur-
face area of the stream. If the surface area
of the stream is known, the computation

equation is
)
BA

where PCTIM is the percent impervious (%);
KI, the coefficient for estimated additional
area adjacent to the stream that is satur-
ated at all times; SA, the average surface
area of the stream (mi?); and BA, the total
basin area (mi?). .

PCTIM=KI (15)

Table 5.--Percolation exponents

Soil classification  REXP
Sand 1.0
Sandy loam 1.5
Loam 2.0
Silty loam 3.0
Clay, silt 4.0

ADIMP is the additional area of the basin
that becomes impervious as the temsion water
requirements are met. Peck (1976) suggested
that remote sensing techniques using radia-
tion measurements (infrared) could define
the area of the basin to be assigned as
ADIMP. Since measurements of this type are
not readily available, another system has
been devised. The soils of the basin with a
hydrologic soil classification of D have a
minimum saturation infiltration value of 0
that would indicate an impervious area when
saturated. An obvious approach would be to
consider the area of D soils as the ADIMP

area. Since clays have a minimal specific
yield of 3%, a value of 0.03 is subtracted
from the D soil percentage of the total
area. Thus,

AD
ADIMP—(ﬁ—>-0.03 (16)

where ADIMP is the additional impervious
parameter (%); AD, the total area of D soils
(mi?); and BA, the total basin area (mi2).

SARVA provides for the removal of water
from the stream by evapotranspiration. If
the riparian vegetation area of the basin is
not known, an estimate could be made. Con-
sequently,

RA+SAW

SARVA= BA

(17)
in which SARVA is the fraction of the basin
covered by water and riparian vegetation;
RA, the area of vriparian vegetation (mi?);
BA, the total basin area (mi?); and SAW, the
area of the basin covered by streams and
lakes (mi?).

PFREE is the percentage of water that by-
passes the lower zone tension water require-
ments and is placed directly in the lower
zone free water. The component apparently is
the water that follows paths through fis-
sures, cracks, faults, or along an impervi-
ous layer to escape the capillary demands of
the soil. Since a logical manner of deriva-
tion of PFREE 1is not apparent, a nominal
value of 0.30 is assumed.

RSERV is the fraction of the lower zone
free water that is not available for re-
supplying tension water. Since a logical
manner of deriving RSERV is not apparent, a
nominal value of 0.30 is assumed.

SIDE and SSOUT are usually assumed to be
zero as an initial value. If obvious chan-
nel losses are evident, a value could be de-

" termined from known volume losses.
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V. BASIN APPLICATION

A set of parameters will be derived from the developed equations for Council Creek near
Stillwater, Okla. The parameters for a gaged basin are intended to be the initial soil mois-
ture accounting parameters that will be used in a trial . and ' error computer program to de-
velop the optimum parameters. If a basin is not gaged, the parameters should give adequate
results. Optimum parameters developed for another basin with the same engineering soil prop-
erties could be used successfully, but it is important that the original parameters be as
conceptually correct as possible to avoid proliferating a number game.

Council Creek is located in Payne County and is a tributary of the Cimarron River. The
area is in the undulating to rolling prairie area of North-Central Oklahoma. The prevailing
climate is of continental origin, but relatively temperate. Pronounced seasonal variations
in both temperature and precipitation are characteristic of the area. Spring is the season
of the heaviest rains with a -secondary maximum in early fall. The area averages about 53
thunderstorms per year. Average annual rainfall is 32.5 in. The basin is in the great grass-
land area of the United States. Post and blackjack oaks are found on the ridgetops. Trees
such. as cottonwood,. elm, and hackberry grow in narrow fringes along the creek. :

Ej Pawnee

Maramec

Stillwater Council

Creek

Cimarron River

01 Ferkins

Q“\-f Cushing

Figure 4.--Test basin mép

13




Table 6.--Renfrow estimated engineering soil properties
) (soil classification D)

USDA "~ Depth Permeability Available water capacity Shrink-
texture (in.) (in./hr) (in./in.) swell
Silt loam 0-12 <0.05 ~ 0.14 : Low
Clay 12-42 < .05 .17 High

The Council Creek basin (fig. 4) has a drainage area of 13 mi?2. The gage is a water-stage
recorder with a concrete control. Datum of the gage is 838.28 ft. Bankfull stage is 10 ft,
which is a flow. of 2,200 CFS. On October 2, 1959, a crest of 25,000 CFS (18.9 ft) was
observed. :

The area is underlain by interbedded sandstone and clay beds. The soils are susceptible to
erosion damage, and good range management is necessary to prevent damage. The soil associa-
tion of the basin is the Renfrow-Zaneis-Vernon. The soils vary from C to D type. The per-
meability ranges from a maximum of 0.50 to a minimum of less than 0.05 in./hr,and available
water capacity from a minimum of 0.14 to a maximum 0.17 in. of water per inch of soil. The
variations of the estimated engineering soil properties in the basin should test the effi-
ciency of the derivations. The approximate percentages of soils are 58% Renfrow, 30%
Zaneis, and 12% Vernon. Parameters will be derived in millimeters for the basin.

The Renfrow series is extensively distributed through central Oklahoma, south-central
Kansas, and north-central Texas. Table 6 is derived from SCS soil survey data.

The soil parameter calculations for the Renfrow series are:

upper zone depth=(0.03)(24)=0.72,
0.03
UZFWM= (25. 4)(9 03)(0 72) =18.29,

UZTWM=(25.4)(0.14)(0.72)=2.56,
supplemental zone depth=(0.03)(24)=0.72,

0.03
0.03

LZFPM=[25.4][(0.09) (10.6)+(0.03) (30)]=47.09,
LZTWM=[25.4](0.14) (11.3)+(0.17) (30)1=169.72,

UZK= 9493):1.0,

LZFSM=(25.4)( )(0 72)=18.29,

0.03
1.0
.9+ (0.9) (1) °

LZPK=E10‘6)(750)+(30'0)(1{][~——9;l§i——~']=O.008,and

LZSK 357,

40.6 40.6 (0.6)(5280)
REXP=3.0.

The Zaneis soil is distributed extensively through south-central Kansas, central Oklahoma,
and north-central Texas. Table 7 is derived from SCS soil survey data.
The soil parameter calculations for the Zaneis series are:

upper zone depth=(0.50) (24)=12

(shrink-swell changes to moderate in the depth, upper zone=10),

UZFWM= (25. 4)(8 ég)(lo) 50.80,

UZTWM=(25.4)(0.14)(10)=35.56,
supplemental zone depth=(0.50) (24)=12,

0
LZFSM=(25.4)(8 éo>(12) 60.96,

LZFPM=(25.4) (0.09) (25)=57.15,
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Table 7.--Zaneis estimated engineering soil properties
(soil classification C)

USDA Depth Permeability Avallable water capa01ty Shrink-
texture (in.) (in./hr) ‘ (in./in.) . . swell
Loam 0-10 0.50 0.14 , Low
Clay loam 10-47 .50 .17 Moderate

Table 8.--Vernon estimated engineering soil properties
(soil c1a531f1cat10n D)

USDA Depth Permeability Available water capacity’ Shrink-
texture  (in.) (in./hr) (in./in.) ; swell
Clay 0-10 <0.05 - 0.17 . Moderate-

high

LZTWM=(25.4)(0.17) (37)=159.77,

0.10_
UZK=55£5=0. 20,

0.20
LZSK-m—O. 071 F)

(750) (0.134) _
(067 (53807 =0-0317, and R

REXP=2.5.

LZPK=

" The Vernon soil is moderately distributed in west- central Texas and western Oklahoma

Table 8 1s derived from SCS 5011 survey data

The soil parameter calculations for the Vernon series are:

upper zone’depth=(0.03)(24)=0.72,

0.03 _
5 03)(0.72)_18.29,

UZTWM=(25.4)(0.17)(0.72)=3.11,
supplemental zone depth=(0.03) (24)=0.72,

LZFSM=(25.4)(O 03

) 03)(0 72)=18.29,
primary zone depth=10-0.72-0.72=8,56,
LZFPM=(25.4) (0.03) (8.6)=6.55,
LZTWM=(25.4)(0.17) (9.3)=40.16,

0.03
UZK——_Eg—l 00,
1.00

1.9+(0.9) (1)

(1)(0.134)
(0.6) (5280)

REXP=4.0.

UZFWM=(25. 4)(

LZSK= =0.357,

LZPK= =0.00004, and
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The basin soil moisture accounting parameters may now be calculated with the contribution
of each soil type equal to its areal distribution. The basin soil parameters are:

UZFWM= (0.58) {18.29)+(0.30) (50.80)+(0.12) (18.29)=28.04,
UZTWM=(0.58) {2.56)+(0.30) (35.56)+(0.12) (3.11)=12.52,

" LZFSM=(0.58) (18.29)+(0.30) (60.96)+(0.12) (18.29)=31.09,
LZFPM=(0.58) (47.09)+(0.30) (57.15)+(0.12) (6.55)=45.24,
LZTWM=(0.58) (169.72)+(0.30) (159.77)+(0.12) (40.16)=151.19,
UZK=(0,58) (1.00)+(0.30)(0.20)+(0.12)(1.00)=0.760,
LZSK=(0.58) (0.357)+(0.30) (0.071)+(0.12) (0.357)=0.271,
LZPK={0.58) (0.008)+(0.30) (0.0317)+(0.12) (0.00004)=0.0151,
REXP=(0.58) (3.0)+(0.30) (2.5)+(0.12) (4.0)=2.97,

31.09+45.24+151.19-9.11_
9.11 -

PBASE=(31.09) (0.271)+(45.24) (0.0151)=9.11, and
ADIMP=0.58+0.12-0.03=0.67.

ZPERC=

24,

Nominal values are:
PFREE=0.30,
RSERV=0.30,
SIDE-0.00,
SSouUT=0.00,
SARVA=0.001, and
PCTIM=0.001.

" The Verification Program Output for Council Creek that follows shows a comparison between
the observed hydrographs represented by a "g" and the simulated hydrographs represented by
an "*." The hydrograph sets are printed on the same time base so that they can be compared
easily. The simulated and observed flows in cubic feet per second as well as the rainfall
in inches are printed on the right-hand side of the hydrograph pages for each day. The sta-
tistics for the verification run are printed on the last page.

The simulated hydrograph set produced by the derived parameters is an excellent initial
run. The parameters derived could be used successfully for the basin if it were not gaged
since none of the parameter derivations were dependent on rainfall or streamflow records.
The number of trial and error computer runs required to obtain an optimum solution should be
minimal. :

16
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A, Council Creek Verification Program Output

) COUNCIL CREEK NR STILLWATER OKLA
COUNCIL CREEK NEAR STILLWATER OKLA )
FLOW-POINT PARAMUTERS

40, FLOW=POINT NAME AREA~SQ KM K SSOUT OBSER IIOMPAR SIXIN HISTOGRAMS

1 COUNCIL CR 80,30 6,00 0.00 1 1 0 TIME-DELAY
GAGE AREA
* 4YIL=MOISTURE ACCOUNTING PARAMETERS CCUNCIL CREEK NR STILLWATER OKLA
COUNCIL CREEK NEAR STILLWATER OKLA v
CONTENT AND CAPACITY VALUES ARE IN M¥F,
UPPER ZONE AND IMPERVIDUS AREA PARAMETERS
AREA NO. AREA I.0. AREA NAME éX-ADJ PE-~ADJ UzTwM UZFWH ouzK PCTIN ADIMP
1 MBP 1 COUNCIL CREEK 1,000 1.000 13, 28, «760 .001 670

PERCOLATION AND LOWER ZONE PARAMETERS

AREA NO. PBASE ZPERC REXP LZTWM LZFSM LZFPM LZSK LZ#K PFREE RSERYV
9.1 24,0 2.97 151, 31, 45. 02710 «0151 +30 30

PE~ADJUSTMENT OR ET=-DEMAND FOR THE 16TH OF EACH MONTH

" AREA nn. 1 2 3 " 5 6 7 8 9 10
1 PE-AOJUSTHENT 1.00 1.00 1.00 1,00 1,00 1,00 2,00 1,00 1,00 1,00

INITIAL STORAGE CONTENTS

AREA NO, UZTHWC UZFWC L2TWC LZFSC LZFPC ADIMC
1 0, 0. 10, 0. 0. 11,

SI0E

0,00

11 12
1.00 1.00

«931 .068 ,001
1 1 1

SARVA
001

1.Ds OF PE DATA
STILLWATER
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MULTIYEAR STATISTICAL SUMMARY

FLOWPOINT = COUNCIL CR WATER YEARS 1959 TO 1962

BIAS 1ST MOMENTY PERCENT BEST FIT LIND
SIMULATED OBSERVEDN (SIM MEAN PERCENT (SIM)=-1ST FAXIMUM STANDARD STANCARD CORREL. 0BS = A + B »SI#

MONTH MEAN MEAN -0BS MEAN) B1AS MOMENT(0BS) ERROR ERROR ERROR COEFF A 8
6000600000608 88060 000000s0000060688e06e006a00880009000006sa0090I 000600000000 0000009000000800806080000000900080000008080v000
OCTOBER 2,322 3.186 -2 865 -27.,132 1.616 <«147.587 4,777 149,527 2985 =1.056 1,827
"JOVEMBER 327 345 =.018 -5.337 2283 <6.275 «569 164.581 + 549 =.077 1,293
JECEMBER « 247 237 .011 4.575 -.822 1.574 «135 57.009 975 20350 « 755
JANUARY 2057 .082 -.025 -30.948 -.767 1.481 . 065 784945 2382 . 074 0142
FEBRUARY 2168 2158 2010 64256 2,179 3,040 2317 200,702 682 021 <818
4ARCH 2077 2203 -.126 =561,950 1,257 -3.388 378 186,320 456 0133 911
APRIL 2053 2171 =.118 -58,930 -,781 -4.493 423 248,069 206 0125 .86k
MAY 475 886 =.411 -46.412 4,531 =27.509 2,684 303,006 490 .188 1,470
JUNE . 669 1,267 ~.398 =31.436 1,290 ~12.069 2.091 165,053 2831 2320 1.090
Julky 1,777 1.148 0629 54,759 -1,135 15,656 2.251 196,131 0832 -e112 709
AUGUST 412 0252 160 63.332 4,985 9,920 1.269 503,079 «591 =,009 634
SEPTEMBER 1,608 1.218 +390 51.987 =3.,015 16.897 2.462 202.103 2909 =0252 0914
.0.0-.-00....0000.'...0.--...0’.......0...'..‘.'00....‘.0.0...-4Ql...l.lO.'Q.'00'0.0..'l.l.o.e"".QI.C.‘Q.'...O..QQO'..
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20000000000 0D0000G080C00000000000000000000006000000P0000000008000+4000000000090000006006006980000090006000°0000000002000880000009
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NUMBER PERCENT BEST FIT LINE
FLOW OF CASES OBSERVED SIMULATED PERCENT NAXIMUM STANDARD STANCARD CORREL OBS = A + B »SIM
INTERVAL OBSERVED MEAN MEAN BIAS - BIAS ERROR ERROR ERROR CCEFF A B
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7 11 12 8,750 T.674% -1,076 -12,297 18,091 1.483 16.945 2201 8,436 <081
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VI. CONCLUSIONS

The derivation of the initial NWSRFS soil
moisture accounting parameters by the use of
SCS estimated engineering soil properties is
an effort to provide a practical and useful
method. The SCS soil properties are readily
available for many areas, and the NWSRFS
verification computer program can quickly

check the validity of the derived parameters.

The derivation methed will be readily adapt-
able to a computer solution; hence, the to-
tal parameter set could be computed easily.
The computed zone parameters have a definite
bias toward being larger than the optimum
value; thus, all values should always be
evaluated as to rationality. The derived
parameters will be closely related to the
physical characteristics of the basin, and
the substitution of the parameters to basins
with similar characteristics should be
valid. The use of this procedure should re-
sult in a considerable savings in man-hours
and computer time. .

As operational rainfall measurements from
radar, automated gages, and high density
networks come into being, the need for pro-
cedures to delineate changes in runoff-
producing characteristics will be in demand,
and SCS soil properties will be available
for as small an areal distribution as is re-

quired. The procedure for parameter deriva-
tions presented in this study could be the
answer.

A. Recommendations for Future Work

Since there are many possible combina-
tions of soil characteristics within a soil
profile as well as aerially across a basin,
the derivation procedures should be tested
on a large number of widely scattered ba-
sins. An investigation of soil properties
available from other sources should be pur-
sued. The use of topography, climate, vege-
tative cover, and other pertinent physical
basin characteristics to compute or adjust
the parameters should be considered. Adjust-
ments and additional variations in the rules
for the computation of parameters will most
likely be needed. After the procedures are
widely tested and finalized, a computer pro-
gram to reference a data file of SCS proper-
ties for all soils in a region will be a
step toward greater efficiency.

ACKNOWLEDGMENTS

Thanks are due to Victor W. Hoffman, Hy-
drologist in Charge, for his encouragement
during the author's basic research in relat-
ing physical parameters to a rainfall-runoff
system while assigned to the Fort Worth
River Forecast Center. Appreciation is also
expressed to John M. Yates, past Hydrologist

43

in Charge of the Tulsa River
ter, for his support and to Richard N.
DeVries, the author's advisor at Oklahoma
State University, for his assistance in the
preparation of the basic text. '

Forecast Cen-

REFERENCES

Burnash, R.J.C., Ferrel, R.L., and McGuire,
R.A., A Generalized Streamflow Simulation
System, Conceptual Modeling for Digital
Computers, National Weather Service (U.S.
Department of Commerce) and Department of
Water Resources (State of California),
Sacramento, Mar. 1973, 204 PP-

George, E.J., Reed, R.A., Johnson, E.W., and
Ferber, A.E., "Shelterbelts and Wind-
breaks," Soil--The 1957 Yearbook of Agri-
culture, U.S. Department of Agriculture,
Washington, D.C., 1957, pp. 715-721.

Green, D.W., Dabri, H., Weinaug, C.F., and
Prill, R., '"Numerical Modeling of Unsatu-
rated Groundwater Flow and Comparison of
the Model to a Field Experiment," water
Resources Research, Vol. 6, No. 3, June
1970, pp. 862-874. )

Hanks, R.J., Klute, A., and Bresler, E., "A
Numerical Method for Estimating Infiltra-
tion, Redistribution, Drainage, and Evap-
oration of Water From Soil," Water Re-
sources Research, Vol. 5, No. 5, Oct.
1969, pp. 1064-1069.

Linsley, Ray K., Jr., Kohler, Max A., and
Paulhus, Joseph L.H., "Chapter 8, Runoff
Relations," Hydrology  for  Engineers,
McGraw-Hill Book Co., Inc., New York,
N.Y., 1958, pp. 169-181.

Peck, Eugene L., '"Catchment Modeling and
Initial Parameter Estimation for the Na-
tional Weather Service River Forecast Sys-
tem,'" NOAA Technical Memorandum NWS HYDRO
31, Office of Hydrology, National Weather
Service, National Oceanic and Atmospheric
Administration, U.S. Department of Com-
merce, Silver Spring, Md., June 1976,
9 pp. plus appendixes A through D.

Richards, L.A., and Richards, S.J., "Soil
Moisture," Soil--The 1957 Yearbook of
Agriculture, U.S. Department of Agricul-
ture, Washington, D.C., 1957, pp. 49-66.

Soil Conservation Service, '"Hydrology," scs
National Engineering Handbook, Section 4,
Part 1, U.S. Department of Agriculture,
Washington, D.C., Aug. 1964, pp. 7.1-7.11.

Staff, Hydrologic Research Laboratory, "Na-
tional Weather Service River Forecast Sys-
tem Procedures,'" NOAA Technical Memorandym
NWS HYDRO 14, Office of Hydrology, Na-
tional Weather Service, National Oceanic
and Atmospheric Administration, U.S. De-
partment of Commerce, Silver Spring, Md.
Dec. 1972, 7
through I.

>

chapters plus appendixes A




Swafford, B., Soil Survey of Garfield Coun-
ty, Oklahoma, Soil Conservation Service
(U.S. Department of Agriculture) in coop-
eration with the Oklahoma Agricultural Ex-
periment Station, Stillwater, Okla., Oct.
1967, 57 pp.

Todd, David Keith, Ground Water Hydrology,
John Wiley and Sons, Inc., New York, N.Y.,
1959, 336 pp. .

Walton, William C., Ground Water
Fvaluation, McGraw-Hill Book Co.,
New York, N.Y., 1970, 664 pp.

Resource
Inc.,




APPENDIX I. COMPUTER PROGRAM LISTING
OF A NWSRFS SOIL MOISTURE ACCOUNTING SUBROUTINE

SUBRNHUTINE LAND(IDLeIP1eID2¢IP2sMUSMaICUUNT, IRG)

C
C
(C % 3% 3 % 30 3k 2k 3 e B e e e s kK% A N 3R KK X 3 3R % 3 2k 3K 3 a3 X X 3 3k %o 2 e %e e o 3 Kok Aok xR N A Ao X 3 ek AR H K R Kook dosk
C
¢ :
C NWSRFS SOIL MOISTUK E ACCUUNTING PRUCEDURE
C RASEN ON SOIL MOISTURE ACCUUNTING IN THE SACRKAMENTO MUDEL
C
¢
(G e 3 o s e o o 303 oo o e ok o ko ol ot o o e o R 33 5 3 S S35 % 30K 3563 3K 0 oK 0 K 3 5 0 o 6 ok 3 e o e sk e s s sk ok s ok sk o s e
C
C
E ~LAND VARIABLFS
IREQL LZTWCoLZFPC oL ZFSColLZTWCL oL ZFPCLoLZFSCLoLZTWMGLZFPMLZFSM,LZPK
C
c DIMENSION MOSM(8462) +EPDIST(4)
% GENFRAL PROGRAM VARIARLFS
’ INTEGER ROUTE ¢ SNUWe SNNOWA 4 YRINGYRLI ST lRE YEAR PLThHR SAVEFW.CUMPAK 4
I1PTESTePLOTeCTESToSIXINGUBSER«STDASSTPAYR2STATPFEG
c REAL INFRD
COMMON /G/ MONTHeMOINGLASTeRUOUTE e NGAGES ¢ SNOW o SNOWA(L2) s YRINGHWPEGS
1YR10NPTSvSTURE9HASIN(20)oYFARoSSF(ﬁ.lZ)vS“F(591?)9PL16HR15AVEFW9
ZCOMPAR(3) o PTESToPLOT(3) o LINEP G IMFRU(20)«PLOTMX(3)4CTESTSFSFLUW(3),
BPEGIS) o STAT o YRZ24AREA(6) o SIXIN(3) o UBRSER(3)ZSTNA(241C)STPE(2,10),
c GTYFARL(Z3) g IPTeMETRIC(3) 4 NO244NOOJNPTSUP IW24IN(3),TU6IN(3)
E SOIL MOISTURF ACCOUNTING VARIABL =S
c COMMON/SOTL/RALIS) 9PL 5+ 18) e VL (565)aSLIS910)eE(5412431)
% TIMF SFRIES INENTIFICATI JNS AND DESCRIPTINNS,.
’ COMMON /TSID/ AID(S543) 9 ANAME(%45) e PEID(34,3),FPNAME ( SYeFPID(3,3),
c 1074]”(3.5).0610(3v3)9HPFW[U(3 3),PXINL, 5) .
g RASIC DATA ARKRAYS
COMMNON /RD/ PX(544431) aTA(544431)aPE(3,31)eRU(5¢4+31)UFWH6{344431)
c 1SFWA(3, 4031)9“FW6(3 4431) 0(FW74(3031)
E SNOW AND LAND COMMON BLNCK
COMMUN/g’/CUVER(593I)oFFC(%)'PXADJ(b)vNTAh-NWFh
NDATA EPNIST/0e0¢0e33430e67+40.0/
C
C*********************‘*************************4*«-"—6’****** Sl e e sl X N R e de ok sk e ¥
c o
C
IPRINT=C
IF((M”NTH.EU MOSMITICUUNT 1)) e ANDo (YFARGEQD«MUISM{TCUUNT,2)) ) IPRINT=]
c IFUIPRINTLEQL.O) GO TU 200
PRINT 900 «MONTHIYEAR{ANAME(IRGsI) s I=145) . - -
900 FNRMAT(1H1433HSIX~HOUR SOIL MOISTURE OUTPOT FUR I XeT201H/e1442Xe5A
¢ 14420Xe39HUNITS OF ALL QUANTITIFS ARF MILLIMETERS)
PRINT 90?7
902 FORMAT(1IH +EXe19YHPERC IS PERCULATIUN,S5Xs31HBASEFW IS THE CHANNEL C
1OMPONENT ¢ 5X s 67THTOTAL-RO IS CHANNFL INFLOW MINUS EFi FrRUM THFE AKFA 3]
c 2EFINED HY SARVAL.)
PRINT 901
901 FORMAT(1H +3HDAY 4 1Xe2HPDe2XeS5HUZTWC 42X +SHUZFWC 2 X SHLLZTWC ¢ 2X s SHLZF
]SCO?X.ﬁHLZFPCv2Xc5HA”IMCo4Xv4HPERCv1X97HIMPV ROe2 X, 6HUIRECT92X96H5
ZUR=RO e 1X e THINTERFWe2X e 6HBASEFW o 1 X ¢ KHTUTAL=RD & 1 X 7HtT°”k4)~lebHACT
3-FETe2Xe YHRAIN+MFLT)

'l
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BEGINNING NOF 6 HOUR AND DAY LOOP
****************#*#*****************#*************#**************

205 IF(IP6.NELL) GO TH 210
204 IF(IGPE.GTL0) 60O TN 206

¢ OO0

lelale

NI PE INPUT, THUS PE IS OUBTAIN FRIM MEAN SEASUNAL CURVE.
EP=F(IRG,MONTH, IDA)
’ GO T0 2047
’E' CDAILY PE TIME SERIES IS AVAILARLF
206 EP=PE(IGPELIDA)
EP=EP®E( [RGyMONTH,TDA)
207 EP=EP%*PEADY
c SPET=SPET+EP
IF(SNOW.EQu1) EP=EFCT#EP+(1e0~EFCT)% (1.0~ COVER(IRGyIDA))%ER
210 IF((SNOW.FN.1).AND(SNOWA(MONTH) E0.1)) GO TO 219
PX6 = Px(lRG.IPo.IDA)*PPADJ
) GO TN 215 _
g IF SNOW 1S BEING CONSIDERED, PXADJ HAS ALRFADY REEN APPLIED
219 PX6 = PX(IKGeIPbeIDA)
c 215kSPRT=SPRT+PX6
% PX6 IS THE SIX HOUR RAINFALL OR SNMwW COVEK OUTFLOwW
C****************** *********#**#*********#**********************
C .
C
g EDMND IS SIX—-HOUR EVAPORATION DEMAND
FOMND=EP®EPDIST ([P6) '
C
C..........'..,.............“...0....‘..........“..........;..‘..
C

F1=EDMND* (UZTWC/UZTWM)
RED=EDMND-FE1

RED IS RESIDUAL EVAP DEMAND

UZTWC=UZTWC-E1
E2=0.0
CIF(UZTWC 4 GEe0e) GO TO 220

E1l CAN NOT EXCEED UZTWC

F1=F1+UZTwC
UZTWC=0.0

REN= EDMND-EI .
IF(UZFNC GE.RED) G TO 221

[elale!

[alale]

........‘....'.....Q......Q0.0.0Q.I......l.‘.....'.‘.....’...'.'.

E2 IS FVAP FROM UZFWC,

E2=UZFWC

UZFWC=0.0

RED=REN~-F?2
c GO TN 225

221 EZ2=R
UZFWC~UZFWC -£2
RED=0.

c
R 220 TFU(UZTWC/UZTWM) oGEL(UZFWC/UZFWM)) GO TO 225

OO0
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© Q60000000060 0000000 0C00000000OOCOOCOEO6VC000®0OCISEOIE60CAC0OC000006006000000000006s0s0

"R ZUNE _FREE WATER _RATIO EXCEEDS UPPER ZUNE
UN WATER RATIO, THUS TRANSFER FREE WATER TO TENSIUN

(HZTWCHUZFWC )/ (UZTWM+UZFWM)
’ZTNM*UZRAT
UZFWMxZRAT

[alelnlelial

8 90 ©0 0060098060099 8603 9000070060000 0002000 6306006060 s&0606006e6060683000000660006ees00

COMPUTE ET FROM ANDIMP AREA.-ES
225 ES=E1+(RED+E2)*((ADIMC-E1-UZTWC)/(ULZTWM+LZTWM) )
...“’............“‘............‘........'.........'.......'..‘.....'...
COMPUTE ET FRUM LZTWC (E3)
F3=REDX{LZTWC/(UZTWMHLZTWM))
LZTWC=LZTuC~E3
c IFILZTWC.GFE.0Q.0) GO TN 226
g E3 CAN NOT EXCEED LZTWC

E3=E3+L2TWC
"LZTWC=0.0

QOO0 QOO0

-,

c.......0.00'0..00...0..0.......0.......oo.oo.oo.'o'.o.oo.-o...o.o..-ooi.

226 RATLZT=1_LTWC/ILZTWM
L ZTWCHLZFPC+LZFSC—-SAVED ) /{LZTWM+LZFPM+LZFSM-SAVED)
R TeGESRATLZ) LW Ti) 230

LOWER ZONF TENSION WATER FR
E WATER IF MURE WATER AVAILA

L
A
Y
E
TLZ-RATLZT)I*L/ZTWM
R
Z
Z
c
S

-
° P~

ROM LOWER
BLE THERES,

m > X I-A

FROM LZFSC TO LZTWC.

[aleielNelelale!

£2050) 60 T0 230
FER EXCEEDS LZFSC THEN REMAINDER COMES FRUM LZFPC

ZFPC+LZFSC
=0.0

mO0

© 0000006000880 00000Q@00 Q0200000 00000@000EGCEGIHO0OONO0C0C6830©0600090600C000C6SISGEGSESEESSITES

230 ROIMP=PX6%PCTIM
ROIMP IS RUNOFF FROM THE MINIMUM IMPERVIUUS AREA.
SIMPVT=SIMPVT+ROIMP ‘
ANJUST "ADIMC.ADDITIUNAL IMPERVIOUS AREA STURAGE, FUR EVAPURATIUN,

ADIMC=ADIMC-ES
IFIADIMC.GE.0.0) GO TH 231

[glnlalNelalelNelale]

©® 06 0000000000000 060608 0ECOC00OGOB00 0006060000066 802 TSV 006200800000 06000600000

FS CAN NOT EXCEED ADIMC.
FS=ES+ANIMC
ANDIMC=0,.0

231 ES5=ES*XANIMP

F5 IS ET FROM THE AREFA ADIMP,

QOO0

PAV=PX6+UZTWC-UZTWM

PAV IS THF PERIDD. AVAILABLE MOISTURE IN EXCESS
OF UZTW REQUIREMENTS,

ANOIOOY OO0
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IF(PAV.GE.0.0) GO TO 232

o
% ALL MOISTURE HELD IN UZTw=-—-NO EXCESS.
UZTWC=UZTWC+PX6
PAV=0.0
c GN TO 233
% MOISTURE AVAILABLE IN EXCESS OF UZTW STORAGE.
232 qz WC=UZTWM ‘
c 233 ADIMC=ADIMC+PX6=-PAV
C
C********************#**************************************
C
SRF=000
SSUR=0.0
SIF=0.0
SPERC=0.0
c SDRN=0.0
c NINC=1e0+042%(UZFWC+PAV).
o NINC=NUMBER OF TIME INCREMENTS THAT THE SIX
o HOUR PERIOD 1S DIVINED INTO FGR FURTHER
o SOIL-MOISTURE ACCOUNTING. N ONE PERIOD
E WILL FXCEFD 5.0 MILLIMETERS OF UZFWC+PAV
) DINC=(1.0/NINC)*0,25 ‘
g DINC=LENGTH OF FACH INCREMFNT IN DAYS.
c PINC=PAV/NINC
c PINC=AMOUNT OF AVAILABLE MOISTURE FOUR EACH INCREMENT.
o COMPUTF FREE WATER DEPLETION FRACTIONS FOR
C THE TIMF INTERVAL BEING USED-BASIC DFPLETIUNS
% ARE FOR ONE DAY
i NDUZ=160=((1e0=UZK)**NINC)
DLZP=140-((1e0-LZPK)*%1)INC)
. NLZS=1e0=((1e0=LZSK)*%DINC)
o
C.C.............‘.Q..".........‘...'..l..‘......‘0’.‘0’0‘-..“..
o
o
c DO 240 1C=1.NINC
PAV=PINC
ADSUR=0.0
RATIn:(ADIMc-uzT Cl/LZTwMm
ADDRO=P INC* {RATI0%%2)
. SPRN=SNRO+ADDRO* AN MP
¢ ADDRN IS THE AMOUNT OF DIRECT RUNUFF FRUM
C THE ARFA ADIMP=SODR0O IS THF SIX HOUR SUMMATION
% COMPUTE BASEFLOW AND KEEP TRACK OF SIX-HOUR SUM,
BF=L ZFPC*DLZP
c LZFPC=LZFPC-BF ,
é IF (LZFPCeGTe0.0001) GU TO 234
BF=RF+LZFPC
c LZFPC=0.0
234 SKRF=SRF+BF
BE=LZFSC*DLZS
c LZFSC=LZFSC~BF
. IF(LZFSCGT40, 0001) GO TO 235
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BF=RF+_ /FSC
LZFSC=0.0

235 SBF=SRF+RF
COMPUTE PERCOLATION-IF NO WATER AVAILABLE THEM SKIP
IF((PINC+UZFWC) «GTo0.01) GO TO 251

U7FWC=UZFWC+P INC
GO TN 249

C
251 PERCM=LZFPMEDLZP+LZFSMENDLZS
PERC=PERCME(UZFWC/UZFWM)
DFFR=1. 0—((LZT4C+LZFPC+LZFSC)/(LZTNM+LZFHM+LZFSM))

O OO0 O

C
% DFFR IS THE LOWER ZONE MNDISTURF NEFICIENCY RATIO
c PERC=PERC*(1.0+ZPERC*{DEFR*%REXP) )
% NOTFE...PERCOLATION OCCURS FROM UZFWC REFORE PAV IS ADUED.
c IF(PERC.LTLUZFWGC) GN TU 241
% PERCULATION RATE EXCEEDNS UZFWC,
PERC=UZFWC
UZFWC=0.0
c GO TO 247
% PERCOLATION RATE IS LESS THAT UZFWC,
c 241 UBZFWC=UZFWC-PERC
% CHECK TO SEE IF PERCOLATIUN EXCEEDS LUWER ZOUNE DEFICIENCY.
c CHFECK=LZTWC+LZFPC+LZFSC+PERC-LZTWM—-LZFPM=-LZFSM
IF(CHECK.LE-0.0) GO TO 242
PFRC=PFRC-CHECK
JZFWC=U7 FWC+CHECK
c 242 SPERC=SPERC+PERC
g SPERC IS THE SIX HOUR SUMMATINN (OF PERC
E'......Ql...‘Q.......l..v......j..'.O.‘...‘..Q...OO.'0.0.0..'O..O..
C COMPUTE INTERFELOW AND KEEP TRACK F SIX HUUR SuUM,
% NOTEeoeePAV HAS NOT YET REEN ADDED.
NEL=UZFWC*DHUZ
SIF=SIF+DFL
c UZF wr=J7ch DFL
E‘...O.l....l.....‘.....l.l.......f.'.'..l..'..'..C0...000.‘....0..
C NDISTRIRF PERCOLATED QATER INTO THFE LOWER ZUONES
g TENMSION WATER MUST 3E FILLED FIRST EXCEPT FOR THE PFREE ARFA,
247 VPERC=PFRC ’ ‘
c PERC=PERC*(1.0-PFREE)
IF((PERC+LZTWC)GT.LZTWM) GO TO 243
LZTWC=LZTWC+PERC
PERC=0,0
GN TO 244
243 PERC=PERG+LZTWC~-LZTWM
c LZTWC=LZTuWM
C DISTRIRUTE PERCOLATION IN EXCESS OF _TENSION
o REQUIREMENTS AMONG THE FREE WATER STORAGES.
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244 PERC=PFRC+VPERC*PFREE
IF(PERC.FQ.0.0) GO TO 245
c HPL=LZFPM/ (LZFPM+L ZFSM)
c HRL IS THE RELATIVE SIZE OF THF PRIMARY STORAGE '
% AS COMPARED WITH TOTAL LOWER ZONE FREE WATER STOKAGE.
RATLP=LZFPC/LZFPM
¢ RATLS=LZFSC/LZFSM
o RATLP AND RATLS ARE CONTENT TU CAPACITY RATIOS. OR
% IN OTHER WURDS. THE RELATIVE FULLNESS 0OF EACH STORAGE
o
PERCP=PERC*( (HPL¥2 0% (1,0-RATLP) )}/ ((1.0-RATLP)+(140-KATLS)))
c PERCS=PERC-PERCP v
C PERCP AND PERCS ARE THE AMUUNT UF THE EXCESS
¢ PERCOLATION GOING T0) PRIMARY AND SUPPLEMENTAL
% STORGES 4RESPECTIVELY.
c LZFSC=LZFSC+PERCS
IF(LZFSC.LELLZFSM) GO TO 246
PERCS=PERCS-LZFSC+LZFSM
c LZFSC=LZFSM
"c 246 LZFPC=L7FPC+(PERC-PERCS)
%.....‘......l..0."..................'..‘......'.....Q..."......
% DISTRIRUTE PAV BETWEEN UZFWC AND SUKFACE RUNOFFE.
c 245 IF(PAV.FQ.0.0) GO TO 249
% CHECK IF PAV EXCEEDS UZFWM
. IF((PAV+UZFWC) «GTLUZFWM) GO TO 248
E NO SURFACE RUNOFF
UZFWC=UZFWC+PAYV
GO TO 249
o
EJG.............I.............“.....‘........0’....000......'..0"
g COMPUTE SURFACE RUNOFF AND KEEP TRACK OF SIX HOUR SUM
" 248 PAV=PAV+UZFWC-UZFWM
HZFWC=UZ FWM
SSUR=SSUR+PAVHPAREA
c ADSUR=PAVH({1,0-ADDRO/FINC)
C ADSUR IS THE AMOUNT OF SURFACE RUNOFF WHICH COMES
o FROM THAT PORTION UF ADIMP WHICH 1S NOT
o CURRENTLY GENERATING DIRECT RUNUFF.  ADDRU/PINC
C 1S THE FRACTION OF ADIMP CURRENTLY GENERATING
% NIRECT RUNOFF.
’ SSUR=SSUR+ADSUR®AD] MP
249 ADIMC=ANDIMC+PINC-ADDRO-ADSUK
240 CONTINUF
o
g.......‘......‘.........................O‘...."........O..'....
¢ END (JF INCREMENTAL DO LOOP.
-C
¢
(G e e e e e oo o e 3 o ke ok R ok o o oo a0 e o 3 ke o R o R ok 3 ok e ol o o sk ok s e o o o o ok
¢
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COMPIITE SUMS AND ADJUST RUNDFF AMUUNTS BY THE AREA (VER
WHICH THEY ARE GENFERATED.

FUSFD=F1+FE2+F3
EUSEN IS THE ET FROM PAREA WHICH IS 1.0-ADIMP-PCTIM
SIF=SIF*PAREA

SEPARATE CHANNEL COMPONENT f)F BASEFLUW
FROM THF MON-CHANNEL COMPUNENT

TBF=SRF*PAREA
TBF IS TOTAL BASEFLUW
BFCC=TBF*(1,0/(1.0+SIDE))

BFCC IS BASEFLOW. CHANNEL COMPONENT
BFNCC=TRFE-8FCC

RENCC IS RASEFLUWNON-CHANNEL COMPONENT

9'.0.08'0....GO.'O...QOO..DOOQO..I..O..000..OOQOAIQI.OO.‘.OQ.'...O..Q.O

ADD TN MONTHLY SUMS.

SINTFT=SINTFT+SIF
SGWET=SGWFT+BFCC
SRFCHT=SRECHT+RBFENCC
SROST=SROST+SSUR
SRONDT=SRONDT+SDRI)

OOOODNOA OO D00 D000 000 000

COMPUTE TOTAL CHANNEL INFLOW FOR THE SIX-HOUR PERIOD.
TCI=ROIMP+SDRN+SSUR+SIF+BFCC

COMPUTE E4-ET FROM STREAM SURFACES AND RIPARIAN VEGETATIUN.
E4=ENMNDEWATSF+( EDMND~EUSED) ®*SARRA

SURTRACT E4 FROM CHANNEL "INFLUW

TCI=TCI-F4
IFiTCileiEelel)
Fa=F4+TC ] o
c TCI1=0.0 \
? COMPUTF TOTAL EVAPOTKANSFPIRATION-TET

" 250 EUSEN=FUSFDEPAREA

TET=FUSED+ED+FS
SFTT=SETT+TET

OO OO0 OO00

Al Ty 2K
A1 i O

G
C

CCOOO-...'OOOO0-...0.u..D..Q0.0.Q..'.IOO...IOQ..O'.ol’l....‘.l.....o....
RO(IRG.IP6,1DA) = TCI
..0.00..-.0..O‘QIOOOQODOOQCOOQODOO..O.CC0.0....Q.Q..00......!..0.0....0‘
SROT=SRNT+TCI .
PRINT SIX-HNUR ACCOUNTING VALUES IF REQUESTEH.
IFEIPRINTEQa1) PRINT 903.10AqIHvaZTwC,UZFWC.LZTquLZFSC.LZFPC,An
1IMC o SPERC eROIMP.SDRUSSURSIF eBFCCoTCIoEUMNEGTET s PXo
903 FORMAT(1H «213¢6F7.1+7FBe2+3F8.1)

IF((1UA.EQ.IU2).AND.(IP6.EO.IP2)) GO T 270
IP6=TP6+] '
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IF(IP6.LE.4) GO TO 205

IP6=1
INA=1DA+]
GO TO 205
¢
(C 3 sk e e o o e s e e 3 o o3 o o 4o 40 4 o oo X 0 0 R o 0 O 0 e o e o e e o ke ok o ke ke o e e e e o ke o o o e oK o ook s R
¢ .
E, END OF SIX HOUR AND DAY LUOP
(G, 3 o ke e e e i o e a3 o o 3 e e o e ke e ol o e b e a0 e ook o 0 S o o X0 o e e o ok o ke ok o e ko s o o ok ok ok e s o ok K kK
C
270 IF(IRGeNEJNGAGES) GO TO 271
IF((IPRINT.EQel) e ANDo ( ICOUNTSLTe8)) ICOUNT=ICOUNT+1
271 IPRINT=0
¢
% COMPUTE MONTHLY WATER BALANCE FOR AREAL SUIL MOISTURE ACCOUNTING.
BAL (IRG)=(UZTWC+UZFWC+LZTWC+LZFPC+LZFSC-UZTWC1-UZFWC1=-LZTWC1-LZFPC
c 11-LZFSC1)*PARFA+(ADIMC-ADIMCL ) *ADIMP+SROT+SRECHT+SETT=SPRT
C
C.....‘...I.............Q.......D......-..._.C'.'..........'.l....'....l.
C
SLEIRGe1)=SROT
SLIIRG#2)=SIMPVT
SLUIRG.3)=SRUDT
SL(IRGe4)=SRNST
SLOIRG+5)=SINTET
SLIIRGe6)=SGWFT
SLIIRGe7)=SRECHT
SLIRGe8)=SPRT
SL{TIRG+9)=SPET
SL(IRG+10)=SETT
VLIIRGe1)=UZTWC
VLIIRGe2)=UZFWC
VLIIRG+3)=LZTWC
VLIIRG+5)=LZFPC
VLIIRGs4)=LZFSC
c VLIIRGe6)=ADIMC
C
RETHRN
C
END
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