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Preface

The enclosed papers were prepared for the International
Symposium and Workshop on the Application of Mathematical
Models in Hydrology and Water Resources Systems held in
Bratislava, Czechoslovakia, on 8-13 September 1975.

The papers are being published in this format because
the distribution of the original reports was extremely
limited. There is a need for this information to be
available to potential users of the catchment model of
the National Weather Service River Forecast System. This
system comprises a number of hydrologic models which are
being incorporated into an operational river forecasting
program. The system is being implemented by the Hydrologic
Services Division and the Hydrologic Research Laboratory
of the Office of Hydrology.

Robert A. Clark
Associate Director
National Weather Service (Hydrology)
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CATCHMENT MODELING WITH THE UNITED STATES NATIONAL WEATHER SERVICE
RIVER FORECAST SYSTEM

Eugene L. Peck
Director, Hydrologic Research Laboratory
National Weather Service, NOAA, Silver Spring, Md., U.S.A.

ABSTRACT. The system (NWSRFS) of conceptual hydrologic
models and other procedures, used in the operational
river forecasting program of the United States. National
Weather Service, is briefly described. Complete
information on the system as it existed in 1972 was
published. However, since then the operational system
has been expanded and revised frequently. Information
on new procedures will be published. in the technical
literature.

A major revision has been made.in the soil moisture
accounting for the catchment model. The components
for soil moisture accounting of the Sacramento Model
have replaced those of the modified Stanford Model

as used in the original system. The conceptual
features and characteristics of the Sacramento Model
are discussed. The demonstration in the workshop of
this symposium will be limited to the catchment model.



INTRODUCTION

In 1971, the United States National Weather Service decided to develop
and publish the National Weather Service River Forecast System (NWSRFS) (NOAA,
1972). This system is a comprehensive collection of the latest hydrologic
techniques and includes the basic hydrologiec techniques needed by the NWS ,
River Forecast Centers to perform their operational functions. Each technique
has been developed and/or evaluated by the Hydrologic Research Laboratory of
the National Weather Service. These hydrologic techniques include, but are
not necessarily limited to, the following:

1. A catchment model which, through the use of soil moisture accounting formu-
lations and the mathematical modeling of flow through and above the soil
mantle and within the channel, convert moisture input (rainfall or snow-
melt) to a hydrograph of channel discharge at the outlet of the catchment.

2. A mathematical model of the accumulation and ablation of snow.

3. Channel routing models which model the translation and attenuation of a
flood wave as it moves between two points in a channel.

4, Techniques for modeling the areal distribution of precipitation, to be
used for computing the moisture input to a catchment on the basis of
point values measured at rain gauges.

In addition to the hydrologic techniques, the system includes three
other categories of material.

A - Procedures for archiving, retrieving and processing the types of data
needed to apply the system.

B - Methods needed to calibrate the various hydrologic techniques, that
is, to evaluate the parameters to apply a hydrologic or hydraulic
model to a specific location.

C - Computer programs necessary to execute the hydrologic techniques and
support procedures described above, in both the development and
operational modes.

The system was begun in 1971, along the lines described above and pub-
lished as NOAA Technical Memorandum NWS HYDRO-14, National Weather Service
River Forecast System Forecast Procedures. As originally published, the
system included a modification of the Stanford Watershed Model IV, based on
the work of Crawford and Linsley (1966).

The nature and concept of the system are such that it may be expected to
be constantly changing. New hydrologic techniques become available from
time to time and, if they are judged to be superior to those in the system,
substitutions are made. Changes and increases in the needs of forecast users



may present a need for new hydrologic products and the techniques needed to
produce them. Advances in computing equipment and/or changes in the equip-
ment available to the service also require revisions to the computer programs.

NWSRFS MODIFICATIONS

~ Additional procedures are being included in the NWSRFS to expand the
flexibility of the system. A major change has been made in the basic soil
moisture accounting. The soil moisture accounting system of the catchment
model developed in the NWS Sacramento, California River Forecast Center by
Burnash, et al. (1973), is now included in the system. The method employed
includes a minor modification of the temporal distribution function from that
described in the original Sacramento model.

SOIL MOISTURE MODEL

The soil moisture models that have been used in NWSRFS’ have been concep~
tual in design. This resulted from a firm belief that a number of benefits
accrue from a strong physical base. Some of these are: ‘

1. The performance of the model in simulating the past is the only
available objective measure of the model's ability to predict
the future. It is, however, an indirect and imperfect measure.
Where accurate simulation of the past has been attained, a high
degree of conceptuality enhances the probability of adequately
predicting future events. This is especially true in the case of
extreme events involving values of variables not experienced in
historical data, or, experienced values of the variables but in
unexperienced combinations.

2. Models of this type are necessarily complex and involve a large
number of parameters. The evaluation of parameter values for a
specific catchment is a very serious problem, always involving
a number of successive approximations. The chances of obtaining
something close to the true values of the parameters are
increased if the first approximation is reasonable. If the
parameters have real physical meaning, good first approxima-
tions of their values may be inferred from streamflow records
and various observable basin characteristics.

3. Parameters based on conceptual considerations can sometimes be
subjectively altered to reflect changes made or to be made to
the physical characteristics of the catchment thereby mitigating
the need to wait for a new data base to be developed. ‘

4. A conceptual model can be applied to problems other than dis-
charge prediction. Some examples are, movement of pollutants
through the soil mantle, water temperature prediction and ‘

~determination, and prediction of soil moisture levels for
agricultural purposes. ~




used in the computation varies between these limits as a function of the
amount of water in storage.

Flow Components. The model recognizes and generates five components of flow:

1. Direct runoff, resulting from moisture input being applied to .
the variable impervious area. S

2. Surface runoff. When moisture input is supplied at a rate
faster than it can enter the upper zone, the excess appears
as surface runoff.

3. Interflow, lateral drainage from upper zone free water.

4. Supplementary base flow, lateral drainage from lower zone
supplementary free water. ‘

5. Primary base flow, lateral drainage from lower zone primary
free water. :

Evapotranspiration. Evapotranspiration rates in the Sacramento model may be
estimated from meteorological variables or from pan observations. Either day-
by-day or long-term values may be used to derive the demand curve. The
catchment evapotranspiration - demand curve is a product of the computed
evaporation index and a seasonal adjustment curve. - The seasonal adjustment
curve reflects the state of the vegetation.: The moisture accounting within
the model applies the evapotranspiration loss, directly or indirectly, to the
various storages and/or to the channel. The amount taken from each loca-
tion in the model is determined by a hierarchy of priorities and is

limited by the availability of the moisture as well as by the computed demand.

Computational Technique. The movement of moisture through the soil mantle is
a continuous process. The rate of flow at various points varies with the rate
of moisture supply and with the contents of various storages. This process
is modeled by a quasi-linear, open form computation. A single time step
computation ot the drainage and percolation loop involves the implicit
assumption that the movement of moisture during the time step is defined by
the conditions at the beginning of the time step. Since this assumption is
not valid, the resultant approximation can be made acceptable only by the use
of a short time step. In the model, the length of the step is volume
dependent. That is, it is selected in such a way that no more than 5 mm of
water may be involved in any single execution of the computational loop. The
5 mm limit is arbitrary. It was selected by the originators as being small
enough to logically fulfill its function, and not so small as to cause
excessively long execution times on the computer (IBM 1130) which was used to
develop the model. Sensitivity tests to determine the optimal size of this
limit should have a dependency upon soil type. The current limit represents
a compromise to eliminate the need for an additional parameter. :

Parameters. The soil moisture accounting portion of the Sacramento model,
exclusive of the evapotranspiration demand curve, involves seventeen param-.
eters. The demand curve can be defined by a series of ordinates, twelve in
number, or by a formula involving five parameters. The temporal distribution
function, which converts runoff volumes to a discharge hydrograph, involves

a unit hydrograph, and, in some applications, a channel routing function.




The original Sacramento model applied the unit hydrograph to only the
upper three components of flow. The two lower zone components were added to
the channel flow in the' time period in which they were released from the
lower zone. In the NWSRFS version, the unit hydrograph is applied to the sum
of all five components.

The application of the model in the NWSRFS involves moisture input in
6-hour time periods, and computed 6-hour runoff volumes. The short, repeti-
tive computationa] time step described above is a subdivision of the 6-hour
period and has mathematical significance only. The computations are accumu-
lated over a 6-hour period and applied to a unit hydrograph function
representing a 6-hour duration event.

Calibration. A very difficult problem which always accompanies the use of a
hydrologic model is that of calibration or "parameter optimization.'" A model
is obviously useless if its parameters cannot be evaluated. Yet, the deter-
mination of the optimal values of fifteen to twenty interrelated parameters
is a formidable task. The National Weather Service has used,a combination of
manual and automatic optimization techniques. The term "manual" refers here
to a procedure in which subjective adjustments to various parameters are made
on the basis of specific characteristics of the output of previous computer
runs. Automatic techniques are those in which the computer itself adjusts
parameters in a semi-random manner, based on changes in the value of a single
numerical error function. The method used is an application of the "Pattern
Search" technique described by Monro (1971).

There is no doubt that a good set of parameters can be obtained using
only manual methods. However, the procedure is time consuming in terms of
man-hours and requires a degree of interplay with the computer often not
available from larger systems. In addition, the hydrologist performing the
optimization must possess a considerable degree of skill acquired through
experience with the model. Automatic methods, on the other hand, are fast
and simple to use. Besides being expensive from a computer usage standpoint,
they have some inherent disadvantages. Some of these are: complete
dependency on one error function, failure to attain an optimal solution due
to non-convexity of the response surface in the vicinity of the starting
point, and failure to recognize the effect of perturbing a group of param-
eters simultaneously. At its worst, such a procedure can degenerate into pure
curve fitting and produce a set of parameters which fit the calibration data
reasonably well, but which are hydrologically unrealistic.

Experience in fitting the model to a large number of catchments under
operational conditions indicates that the procedure should be one involving
both manual and automatic fitting where the strong points of each compensate
the weak points of the other. Generally, much more is achieved by fitting
manually first, then using the automatic optimizer after a reasonable fit
has been obtained. :

Data requirements for the model are somewhat greater than for simpler
"event! type models, since the model utilizes a continuous record rather than
a fragmentary one covering selected periods. ‘




The length of the data base required for adequate calibration depends on
a number of factors including the hydro-climatic characteristics of the catch-
ment and the amount of hydrologic activity during the period in question.
Typically, however, it runs 8 to 10 years. -

COMPLETE NWSRFS

The National Weather Service River Forecast System is continually being
updated and expanded. It contains many models and procedures including the
catchment model. Routing and data handling and processing procedures re-
quired to adapt the system to a particular river basin are also included in
the complete NWSRFS system. ‘

The modular form of the NWSRFS permits the incorporation of additions
and improvements with a minimum of programming effort. A snow accumulation
and ‘ablation model (Anderson 1973) has been added to the original system.
Dynamic (implicit) routing techniques for use on major rivers where serious
backwater problems are encountered due to interconnected river systems or
tidal effects (Fread 1973) are being incorporated into the system.

It is not planned to publish the entire revised NWSRFS since it is an
operational system and subject to frequent modifications. The complete
system will be available only on the NOAA's central computer system for use
by the NWS River Forecast Centers. However, information on new and revised
techniques will continue to be published in the literature. ‘
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CALIBRATION OF NATIONAL WEATHER SERVICE RIVER FORECAST SYSTEM:
INITIALIZING PARAMETERS FOR THE CATCHMENT MODEL

Eugene L. Peck
Director, Hydrologic Research Laboratory
National Weather Service, NOAA, Silver Spring, Md., U.S.A.

ABSTRACT. Use of the catchment model in the National
Weather Service River Forecast System (NWSRFS) requires
the determination of 16 model parameters. The calibration
process is greatly enhanced if rational initial estimates
of model parameters can be found. Techniques are developed
to derive initial parameter estimates directly from the
hydrometeorological data base of a catchment. The
techniques utilize catchment maps, precipitation records,
and streamflow records to estimate the magnitudes of

soil moisture storage components and appropriate drainage
coefficients. Step by step demonstrations of the
estimation procedure are included. As an example,
parameter estimates are obtained for simulation of the
South Yamhill River near Whiteson, Oregon.
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INTRODUCTION

The soil moisture accounting program of the catchment model
developed in the National Weather Service (NWS) Sacramento, California,
River Forecast Center by Burnash, et al. (1973), is presently used in
the National Weather Service River Forecast System (NWSRFS) (NOAA 1972).
A general description of the model is given in the companion paper
prepared for this workshop (Peck 1975). Figure 1 is a flow diagram
illustrating the various paths water takes in the model. A listing
of the NWSRFS subroutine for this model appears in appendix D.

Calibration of the catchment model requires determination of
values for 16 parameters associated with soil moisture accounting.

This section describes methods for determining initial parameter

values. All the parameters are depicted in figure 1.
REQUIREMENTS FOR HYDROGRAPH SIMULATION

Simulation required to test the validity of the soil moisture
parameters involves three other elements. These are:

1. Mean Areal Precipitation (MAP). This includes all the
techniques and procedures necessary to arrive at basinwide estimates
of mean areal precipitation for use by the soil moisture accounting
portion of NWSRFS. Included are methods for estimating missing
precipitation amounts, distributing estimated or accumulated
precipitation, and adjusting precipitation data for orographic and/or
other effects, In basins in which snow occurs, input to the
catchment program consists of the liquid water reaching the soil
mantle from a combination of rainfall and snowmelt . The snowmelt
may be either estimated or computed from the NWSRFS snow

accumulation and ablation model (Anderson 1973).
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2. Estimates of potential evapotranspiration for the basin. These values
can be estimated from meteorological variables or from pan evaporation
observations. They can be either day-by—-day or long-term averages.

3. Channel routing function. This may be developed using standard unit
hydrograph (UHG) techniques. The UHG can be used to determine a time-delay
histogram which provides additional options for varying the shape of the

routing function if required.
SOIL MOISTURE PARAMETERS

The parameters for the catchment model dealing with various phases of
the soil moisture accounting are:

Direct runoff

PCTIM Fraction of impervious basin contiguous with stream channels.

ADIMP That fraction of the basin which becomes impervious as all
tension water requirements are met.

SARVA Fraction of basin covered by streams, lakes and riparian

vegetation.

Upper soil moisture zone

UZTWM Maximum capacity upper zone tension water in mm.
USFWM Maximum capacity of upper zone free water in mm.
UZK Lateral drainage rate of upper zone free water expressed as a

fraction of contents per day.
Percolation

ZPERC A factor used to define the proportional increase in percolation
from saturated to dry lower zone soil moisture conditions. This
parameter indicates, when used with other parameters, the maximum
percolation rate possible when upper zone storages are full and
the lower zone soil moisture is 100% deficient.

REXP An exponent determining the rate of change of the percolation
rate as the lower zone deficiency ratio varies fromkl to O

(1 = completely dry; 0 = lower zone storage completely full).



Lower zone

LZTWM
LZFSM

LZSK

LZFPM
LZPK

PFREE

RSERV

SIDE
SSOUT
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Maximum capacity of lower zone tension water in mm.

Maximum capacity of lower zone supplemental free water
storage in mm.

Lateral drainage rate of lower zone supplemental free water
expressed as a fraction of contents per day.

Maximum capacity of lower zone primary free water storage in mm.
Lateral drainage rate of lower zone primary free water
expressed as a fraction of contents per day.

The percentage of percolation water which directly enters
the lower zone free water without a prior claim by lower
zone tension water.

Fraction of lower zone free water not available for
transpiration purposes (incapable of resupplying lower

zone tension water).

The ratio of unobserved to observed baseflow.

A fixed rate of discharge lost from the total channel flow.

PARAMETER GROUPINGS

If the conceptual model is realistic for the basin, such that parameters

have physical meaning, good first approximations for some of the parameters

may be inferred from streamflow records, precipitation records, and other

basin characteristics. The chances of obtaining the most representative set

of parameters are increased with successive approximations if the first

approximations are reasonable.

The soil moisture model parameters may be grouped according to the

methods for obtaining first approximations. The parameters and their

associated classifications are:

1. Parameters readily computed from observed hydrograph and precipitation

LZFPM LZSK
LZPK PCTIM
LZFSM
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2. Parameters more difficult to estimate from observed hydrograph

LZTWM SSOUT
UZTWM UZFWM*
UZK PFREE*

*Relative size only,
3. Parameters estimated from maps of water area
SARVA
4. Relative values could possibly be estimated for the following
parameters from soil percolationkcharacteristics. However, the best
first estimate is to use values from similar nearby basins that have
been previously simulated.
ZPERC
REXP
5. Nominal starting values used
SIDE
ADIMP
RSERV

INITIAL PARAMETER DETERMINATION

The South Yamhill River near Whiteson, Oregon, U.S.A., has been selected
for use as an example for this workshop. Appendix A contains semilogarithmic
plots of the observed hydrograph for this river for the water years 1963
(Oct. 1962 to Sept. 1963) and 1965 (Oct. 1964 to Sept. 1965). These plots
contain sufficient variations in observed flows for computing those initial
soil moisture values determined from dbserved hydrographs.

Hypothetical examples are discussed in this section to guide the work-
shop participant in selecting initial parameters for the South Yamhill Basin.
For comparison purposes, actual examples of determination of initial param-
eter values for the South Yamhill Basin will be demonstrated in appendix B.
The South Yamhill Basin was selected for an example since it has a large
variation in hydrologic flow conditions, which makes it ideal for demonstrating
determination of initial parameters.

Semilogarithmic hydrograph plots have commonly been used to separate
hydrographs into principal flow components of surface runoff, interflow, and

groundwater recession as shown in figure 2 (Linsley, Kohler, and Paulhus
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Figure 2.--Semilogarithmic plotting of a hydrograph, showing
method of recession analysis.
1975). The characteristics of the hydrograph recession may be used to obtain
initial values for the maximum capacities and depletion coefficients for the
lower zone free water storages (LZFPM, LZFSM, LZPK, and LZSK).

If a groundwater recession continues for some time, the recession is
characterized by two distinct slopes, with a much flatter recession occurring
after a prolonged dry period. The developers of the soil moisture model
believe the base flow can be modeled with two slopes representing two separate
sources of base flow with separate exponential decaying functions. For the
model being used, these are the supplemental and primary free water storages
of the lower zone. Analyses of the recession provide methods for estimating
the depletion rates and storages for the two zones. This is accomplished for
each free water storage as follows:

Primary (LZPK and LZFPM)

Select a period when the recession is the flattest (least decay with
time) with a minimum of precipitation and calculate a slope during this

period.




16

Example:

Primary flow on August 1: 0.42 mm (QPZ)

Primary flow on June 1: 0.50 mm (QPl)
Primary daily recession rate (Kp) = (QPZ/QPl)l/t
where: t is time in days

K, = 0.42/0.5y1/61 = (. 997

LZPK = 1 - K = 0.003

A value for the maximum free primary water storage may be obtained by
dividing the maximum discharge under only primary flow conditions by the
daily depletion rate (LZPK). This calculation should be based on the largest

value of primary flow which can be observed or estimated from the hydrograph

trace.

LZFPM = QP,/LZPK = 0.42/0.003 = 140 um

Supplemental (LZSK and LZFSM)

Computations similar to those used for the primary storage values are
used for the supplemental values. 1In this case, estimates of the primary
baseflow contribution to the observed flow must be subtracted before the

slope representing the supplemental baseflow is computed.

Example:
Period selected: March 1 to April 9
Discharge March 1 April 9
Observed 8.10 mm 1.68 mm
Estimated primary 0.10 mm 0.08 mm
Estimated supplemental 8.00 mm 1.60 mm

1/40_ 4 960

Supplemental daily recession rate (KS) = (1.60/8.00)
LZSK = 1 - Ks =1 - 0.960 = 0.040
and
LZFSM = 8.00/0.040 = 200 mm

Percent Impervious (PCTIM)

A small rise on the hydrograph during an extended dry period may be

used to compute a value for PCTIM. This is calculated as shown in figure 3.
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Figure 3.-- Calculation of PCTIM

Lower Zone Tension Water Maximum (LZTWM)
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Select a period following an extended dry period, as indicated on

figure 4, where the discharges Q1 and Q2 represent only baseflow.

A time t

should be selected immediately prior to the occurrence of direct and/or

surface runoff and time ty immediately following a period of interflow.

1
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Upper Zone Free Water Maximum (UZFWM) and Drainage Rate (UZK)

The UZFWM cannot be obtained directly from the interflow recession as
can be done for the lower zone storages since it does not produce a straight
line on semi-log hydrographs. The upper zone free water storage must satisfy
percolation and evaporation demand requirements before any water is discharged
to the channel. Thus, it is not a simple depletion as for the lower zone
free water storages.

Although UZK cannot be obtained directly from analysis of the hydro-
graph, it is roughly related to the amount of time that interflow occurs
following a period with major direct and surface runoff. The longer the
period of interflow, the smaller the value of UZK. If we assume that inter-
flow becomes insignificant when its contribution reduces to about 10% of what
it is at maximum rate, then the following simple relation can be used to

compute a value for UZK:
N
(1 - UzZR)" = 0.10
where: N is the average number of days that interflow is observed.

A value of UZFWM can be determined using the UZK computed above and the
discharge, corrected for supplemental and primary baseflow, at the time of
the highest interflow with ut surface water contribution. It must be recog-
nized that this is a rather rough estimate. The general range for UZFWM has

been found to be from 6 to 85 mm with an average of about 25 mm.

Percolation Water Percentage (PFREE)

Anestimate of the relative importance of PFREE can be determined from
investigating storms following long dry spells that do produce runoff (UZTW
completely filled). If the hydrograph returns to approximately the same
baseflow as before (indicating little or no addition to the lower zone free
water storages), then PFREE is of little significance and has a very small
value ranging from 0 to 0.2. If there is a significant increase in baseflow
following this type of storm, then PFREE can have a value as high as 0.5.
The nominal value for PFREE is 0.3.

Sub-surface Outflow Along Stream Channel (SSOUT)

It is recommended that the value of zero be used. A value for SSOUT

other than zero can be applied only if the Q log plot requires a constant
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addition to the baseflow in order to achieve a valid recession characteristic.

Fraction of Basin Covered by Streams, Etc. (SARVA)

This factor is determined directly from maps showing water and riparian
vegetation areas. SARVA can also be inferred from changes in baseflow asso-

ciated with changes in ET.

Percolation Parameters (ZPERC and REXP)

An understanding of the important role played by the percolation parameters
is essential to understanding the model and gaining an ability to properly
fit the model. Figure 5 demonstrates the part played by the parameters in
determining the maximum rate of percolation in relation to the lower zone
soil moisture deficiency (DEFR). This curve represents the rate if the upper
zone free water is full.

If the lower zone free water storages are full (and the upper zone free
water is also at its maximum), then the rate of percolation is equal to PBASE,

which is defined by:
PBASE = (LZFPM * LZPK + LZFSM * LZSK)

This is the maximum outflow that can occur from the lower zones and under
steady conditions would represent the percolation to replace the amount
removed from the lower zone free water storages as baseflow. As the lower
zone soil moisture becomes deficient, the percolation rate increases. When
the lower free water storages are completely dry (100% deficient), the perco-
lation rate (assuming UZFW full) occurs at its maximum rate. This is equal

to:
Maximum percolation rate = (1 + ZPERC) * PBASE

The shape of the percolation curve is determined by the parameter REXP
as shown in figure 5.

Initial values of ZPERC must be estimated using as a guideline some
evaluation of the poésible maximum percolation rate that would be expected
for the basin when the upper zone free water storage is full. The ability to
estimate this value would increase as additional basins in an area are fitted.
With no other means of estimating REXP, a nominal starting value of 1.80 is
suggested.

Once an initial simulation is made, the four parameters controlling the
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DAILY PERCOLATION RATE IN MM

100

RATE=PBASE [1+2PERC (DEFRIREXP |

WITH UPPER ZONE STORAGES
(UZTW AND UZFW)
AT MAXIMUM

/

REXP>1.0

PBASE

80 60 40 20 0
LOWER ZONE SOIL MOISTURE DEFICIENCY IN PERCENT (DEFR)

Figure 5,--Percolation representation,
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percolation curve are very important for improving the simulation fit. For
example, if following an extended dry period the simulated runoff is much less
than observed, the percolation curve may be too high for large deficiencies

in lower. zone storages. Similar analyses of simulated versus observed runoff
for periods when tHe lower zone moisture deficiency would be small will indi-
cate if the curve should be raised or lowered for these conditions. The
raising and lowering of the curve can be accomplished by changing ZPERC and/or
the value of PBASE. PBASE is related to the maximum values for the lower

zone free water storages (LZFSM and LZFPM). The relative values of the
supplemental and primary storages are important for the division of the free
water contribution to the recession. However, the total value of the storages
is primarily important in positioning the percolation curve and may be changed
for this purpose. Thus, you should not change the value of ZPERC without
considering the necessity to also alter the total capacities of the lower

zone free water. The value of REXP allows flexibility in the change in slope
over the different values of the lower zone soil moisture deficiency. The
fitting of the percolation curve to insure proper initiation of runoff under
various lower soil moisture conditions is generally the most important fitting

requirement after the first simulation if the volume of runoff is reasonable.

Parameters Requiring Nominal Starting Values (SIDE, ADIMP, and RSERV)

Initial value for SIDE is zero. Where it is known from geological or
hydrological studies that considerable groundwater bypassed the surface
channel, a value other than zero should be used.

The initial value for RSERV is 0.30 and this parameter is generally not
optimized.

The additional area of the basin which becomes impervious as all tension
water requirements are met (ADIMP) is generally given a nominal starting
value of 0.01. Recent investigations suggest that remote sensing techniques
using radiation measurements (infrared) can define areas as are indicated by

ADIMP. -Such measurements may be a means of providing future input for this
parameter.
SIMULATION FOR SOUTH YAMHILL RIVER

Copies of the worksheets for determination of initial parameters for the

South Yamhill River near Whiteson, Oregon, are shown in appendix B. These
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may be used to compare with those obtained in the workshop.

Appendix C contains the copies of the following printouts of the

initial simulation.

1. Input parameters and other initializing entries,

2. Summation sheet of the statistical summary for the 5-year
simulation (Oct. 1962-Sept. 1967).

3. Sample of yearly summary showing soil moisture accounting volumes
for each month and listing of soil moisture variables at the end
of each month.

4. Semilogarithmic hydrographs for all 5 years of observed and
simulated discharges with daily numerical values of the observed
discharges, simulated discharges, and liquid water reaching the
soil mantle from a combination of rainfall and/or snowmelt (rain

+ melt).
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B-5

B-6

B-8

INITIAL VALUES OF SOIL MOISTURE PARAMETERS

SOUTH YAMHILL RIVER NEAR WHITESON, OREGON, U.S.A.

APPENDIX B

FOR

Parameters

Primary Parameters

Supplemental Parameters

Percent Impervious

Lower Zone

Upper Zomne
Upper Zone
Upper Zone
Percentage
Percentage

Streams,
Loss Along
Parameters

Tension Water Maximum

Tension Water Maximum
Free Water Drainage Rate
Free Water Maximum
Division of Percolation
of Basin Covered by

Etc.

Stream Channel

with Nominal

Initial Values

Percolation Parameters

Percolation Representation

LZPK
LZFPM

LZSK
LZFSM

PCTIM
LZTWM

UZTWM
UZX

UZFWM
PFREE

SARVA
SSOuUT

SIDE
ADIMP
RSERV

ZPERC
REXP

Initial

values

0.003
33 mm

0.054
180 mm

0.01

140 mm

35 mm
0.3
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Since LZTW was probably not empty on 7 Oct
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UPPER ZONE TENSION WATER MAXIMUM (UZTWM)

From a review of small storms following dry periods (data listed in text of
report), a value of 35 mm was selected as representing the lower limit of the
maximum amount required by upper zone tension water before overflow occurs,
from the upper zone.

UPPER ZONE FREE WATER DRAINAGE RATE (UZK)

Interflow for the South Yamhill appears to last about 7 days.

Using N = 7 in the following equation:

(1 - vzv)N = 0.10
an approximate value of 0.3 is obtained for UZK.

UPPER ZONE FREE WATER MAXIMUM (UZFWM)

The unit hydrograph for the basin indicates a fair delay in water actually
reaching the channel. Thus, a considerable portion of the water during the
interflow period originally developed as direct and surface runoff. 1In
reviewing the storm period of 22 Jan to 3 Feb 1965, the flow on 31 Jan was
about 25 mm, of which about 10 mm would be baseflow and about half of the
remainder delayed surface and direct runoff. (See page B-3.) With a UZK
value of 0.3, we would obtain a value of about 25 mm for UZFWM (8/0.3).

PERCENTAGE DIVISION OF PERCOLATION (PFREE)

Hydrographs of storms having surface runoff following long dry periods were
analyzed. For these conditions, UZFW was completely filled and some water
could have been available for percolation. For the South Yamhill, the base-
flow after such storms appeared to be much higher than prior to the storm.
Therefore, a rather large value (0.5) was assigned for PFREE as compared to
the average value of 0.3.

PERCENTAGE OF BASIN COVERED BY STREAMS, ETC. (SARVA)

From maps, this was estimated to be 0.01 of the basin.

LOSS ALONG STREAM CHANNEL (SSOUT)

No evidence of loss from baseflow hydrograph. Use zero.

SIDE, ADIMP, and RSERV

Nominal starting values were used for these parameters:

(SIDE = 0.0; ADIMP = 0.01; and RSERV = 0.30)
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PERCOLATION PARAMETERS (ZPERC and REXP)

A daily maximum percolation rate curve (with upper zone storages UZTW and
UZFW at maximum) was developed for the basin (fig. B-1). PBASE was computed
as 9.819 mm from the equation:

PBASE = LZFPM * LZPK + LZFSM * LZSK
Calculations of parameters used in this equation were developed on pages
-2 and B-3. Based on experience with other basins, a value of approximately

90 was selected for the maximum percolation rate (for the conditions as stated).

For completely dry lower zone conditions (lower zone 100% deficient), the
maximum rate is defined as:

Maximum rate (1 + ZPERC) * PBASE

90 mm = (1 + ZPERC) * 9.819
_ 90 - 9,819 _
ZPERC = M9.819 = 8,17

A value of eight was selected for ZPERC and the nominal initial value of
1.80 was used for REXP.
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PERCOLATION RATE IN MM

DAILY

1004
ZPERC = 8
90 1 REXP = 1.80
PBASE = (.003)(33)+
(.054)(180)
80 - = 9.819
RATE = PBASE{H*ZPERC@EFR)‘ mﬂ
1.80
= 9.819|1+8
70 - [ PEFR J
WITH UPPER ZONE STORAGES
(UZTW AND UZFW)
40 AT MAXIMUM
50 -
40 -
-301
201
10
PBASE
0 r T T T -
100 80 60 40 20 0

LZ SOIL MOISTURE DEFICIENCY IN PERCENT (DEFR)

Figure B-1.--Percolation representation for South Yamhill,
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APPENDIX D

LISTING OF THE NWSRFS SOIL MOISTURE ACCOUNTING SUBROUTINE

SURRNUTINE LAND(IDL+IPL.ID2+I1P2+MUSM, ICUOUNT, IRG)

C

C

C************#*****************************#***************a‘:*********:‘.t:k:‘;:‘.:"

C

C

C IWSRFS SOIL MOISTURE ACCUHUUNTING PRUCEDURE

E BASED ON SOIL MOISTURE ACCUUNTING IN THE SACRAMENTO MODEL

C

(s e s o e e e e e 3 3 e oK R oK R R oK R R o o 3 0 R OR R N K 3 3 30 30 st sk kol ok Kk e s e 3k ok 3k e RO

C

C

g LAND VARIABLES
1RE?%KLZTWC-LZFPC'LZFSCoLZTwClcLlFPClqLZFSClvLZTWM.LLFPM.LZFSM.LZPK

* N

C

c DIMENSION MOSM{B842)EPDIST(4)

% GENFRAL PROGRAM VARIABLFS

’ INTEGER ROUTE ¢ SNUWeSNOWAGYRIN¢YRLoSTUREYEAR.PLTOHR, SAVEFW . COMPAK
1PTESTWPLOT, CTFQT SIXINGUBSER, S DASSTPEIYRZ2ySTAT W PEG

c REAL INFRO
COMMNON /G/ MONTHeMOINoLASTeKUUTE o NGAGES y SNOW ¢ SNUWA(12) s YRIN G WPEGS,
1YR1.NPTSoSTURE.HASIN(ZO).YFAR.SSF(bolZ)qSﬂk(B,12)9PLT6HR.SAVEFW9
2CHMPAR(3)oPTEST,PLUT(B).LINtP»INFRU(ZO).PLHTMX(B).CTtST,FSELUW(3)'
3PEG(5).STAT.YR2.AREA(6)vbIXIN(3).HHSER(3).STDA(Zle)qSTPb(Z.lO)v

c 4IYFAR1(3)'IPT.METRIC(3).NUZ4.N069NPTSUP'IUZQIN(B)vluhIN(B)

% SOIL MOISTURF ACCOUNTING VARIABL=S.

c CAMMON/SOIL/BALIS) +PLIS5s18) 4 VL({5¢6)eSLI5410)4E(5412431)

% TIME SERIES INDENTIFICATIONS AND DESCRIPTINONS.

COMMON /TSID/ AID(S5¢3) s ANAME(545)WPEID(3,3),FPNAME(3,5),FPIDI3, 3)
10241N(343) «Q6ID1343),UPFWID(343),PXID(5,3)

G
E RASIC DATA ARRAYS

COMMON /RD/ PX(54¢4431) 47
1+SFWA(3,4431)UFWH(344,31

C
C SNOW AND LAND COMMON BLOCK

b=
0

?qﬁl)qR)(B s 4e31)WUFRH(3,4,31)

C
CﬂMMUN/SL/CUVER(S;Bl)9FFC(5)'PXADJ(b)oNTAh.NNEb
c NDATA EPNDIST/O0. e3340e6740.0/
C************************************************ e 3l e Sk 3ie 3ok e e Sk Sieooleooi SR e R il
C
C
IPRINT=C
IF((MHNTH.EQ.MOSM(ICUUNT.I)).AND.(YEAR.EQ.MUSM(ICUUNTvZ)))IPRINT=1
c IF(IPRINT.EQ.0) GO TO 200
PRINT 900 MONTH . YEAR v (ANAME(TIRGYT )9 I=1,5) i
900 FORMAT(1H1+33HSIX-HOUR SOIL MOISTURE OQUTPUT FUR, I1XeI201H/ e 1442Xe5A
¢ 14.20Xy39HUNITS OF ALL QUANTITIES ARE MILLIMETERS)
PRINT 902
902 FORMATI(1H +5X+19HPERC IS PERCULATIUN,S5X,31HBASEFW IS THE CHANNEL C
1OMPONENT +5X s 6THTOTAL=RU IS CHANNEL INFLOW MINUS ET FRUM THE AREA D
c 2EFINED HKBY SARVAL)
PRINT 901
901 FORMAT(1H ;3HDAY91X12HPDqZXQSHUZTWC’?XySHUZFWC»2X95HLZTWC92X95HLZF
1SCe2XeBHLZFPC «2XeSHADIMC 44X ¢ 4HPERC » 1Xy THIMPV - RO 2Xy6HDIRECTS2X, 6HS
2UR=ROD e IX e THINTERFW2X s 6HBASEFW s 1 Xy BHTUTAL-RO, I1Xy THET=-DEMD 1 Xy6HACT
3-FT42Xs 9HRAIN+MFLT)

o
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‘
8 REGINNING OF 6 HOUR AND DAY LUOP
C********************************#****#*#**********‘r*—e#***********
c
L 205 IF(IP6LNELL) GO TO 210
. 204 IF(IGPELGT.0) GO TN 206
% NGO PE INPUT. THUS PE IS OBTAIN FROM MEAN SEASUNAL CURVE.
FP=F(IRG,MONTH, IDA)
. BN Eh15%Y
g DAILY PE TIME SERIES IS AVAILABLF
" 206 EP=PE(IGPE.IDA)
FP=EP%E( IRGyMONTH,IDA)
207 EP=EP*PEADJ
c SPET=SPET+FP
IF(SNOWsEQel) EP=EFCT*EP+(140-EFCT >(1.0—CUVER(IRG'IDA))*EP
210 IF((SNOW.FNel)aANDW(SNUWA(MONTH) «EQ.1)) GO TO 219
PX6 = PX{IRGIP6sINA)®PPADY
) 6O TO 215
g IF SNOW 1S BEING CONSIDEREDs PXADJ HAS ALRFADY REEN APPLIED
219 PX6 = PX(IKGeIPHIDA)
. 215 SPRT=SPRT+PX6
% PX6 IS THE SIX HOUR RAINFALL UR SNOW COVER OUTFLOW
C******************—»****—r*****'ﬁ**'ﬁ*’v**3‘«-*—0*’5****—»*%** *«»*‘t*»*‘ﬁr 3R
o
o
E EDMND 1S SIX=HOUR EVAPORATION DEMAND
. FOMND=EP®XEPDIST(IP6)
C.............’...O....‘............‘..'.l.......‘.....".. * e o8 & 00
o

F1=EDMND*(UZTWC/UZTWM)
RED=EDMND-E1

RED IS RESIDUAL EVAP DEMAND

UéTWCBUZTWC-El
IF{UZTWC «GF«0.) GO TO 220

C
% E1 CAN NOT EXCEED uUZTwC

El=F 1+UZTWC

JZTWC=0.0

REN=EDMAID-E]
IFIUZFWC.GELRED) G TO 221

lelnle)

w=m

—

)

..0.00.00Io"to.ol.o.cl..oo'o..l.....c.oooc-oooo‘ooo.c..oooo-ooot

F2 IS EVAP FROM UZFWC.

E2=UZFW(
UZFWC=0.
REN=RED-E2
GO TN 225

221 EZ2=
UZFWC UZFWC-E2
RED=0.0

220 IF((UZTWC/UZTWM) JGEL(UZFWC/UZFWM)) GO TO 225

afelnliale]
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PFR ZONE FREE WATER RATIO EXCEEDS UPPER ZUNE
ON WATER RATIO, THUS TRANSFER FREE WATER TO TENSTION

SLUZTWCHUZFWC ) / (UZTWM+UZFWM)
=UZTWMEUZRAT
=UZFWMXUZRAT

o
NN Mo
n—

EE

OO,
X ZT
> M

1
T
C
C
COMPUTE ET FROM ADIMP AREA.-F5
225 ES=E1+(RED+E2)*((ADIMC-EI—UZTWC)/(UZTWM+LZTWM))
COMPUTF ET FRUOM LZTWC (F3)
F3=RED*(LZTWC/(UZTWM+LZTWM) )
LZTWC=LZTuWC-F3
c IF(LZTWC.6F.0.0) GO TO 226
C E3 CAN NOT EXCEED LZTWC

E3=E3+LZ2TWC
LZTWC=0.0

QOO0 OO0

226 RATL

TWC/7LZTWM )
& [ g+ L C+LZFSC~SAVEJ)/lLZTWM+LZFPM+LZFSM~SAVED)

LZFP
RATLZ) 6GU T 230
R ZONF TENSION

. bt X
oM M
=

Zn
m<

LOWE W
EE WATER [F MORF WATER

LZ=RATLZT)*L/TwWM

z

Y AT
F A
T
ER FROM LZFSC TO LZTWC.
z

Z

C

ER FRUOM LOWER
VAILABLE THERE,

N
m

OO OO0n
[0}

LZTWC+DEL
LZFSC-DFL ,

SCeGEL0L0) GO TO 230

FROEXCEENS LZFSC THEN REMAINDER COMES FRUM LZFPC

PC+LZFSC

—
~Tey >
—nE Z
~NOO

> Ty

'T't

NS

wlelel
—

Oco.oottcooc.ocoo..oogo.....n--.oloou--tooouaocnco.-ooo-ooo-.oooootootl

230 ROIMP=pPX6%PCTIM
ROTIMP IS RUNOFF FROM THE MINIMUM IMPERVIOUS AREA,.
SIMPVT=S IMPVYT+ROIMP
ADJUST ADIMC ADDITIONAL IMPERVIOUS AREA STURAGE, FOR EVAPORATIUN,

DIMC=ADIMC-ES
FIADIMC.GE.0.0) GO T 231

OO OO0 00N

— D>

F5 CAN NUT FXCEED ADIMC.
ES=FES5+ANIMC
ANDIMC=0,0

231 ES5=FES%ANIMp
ES IS ET FROM THE ARFA ADIMP,
PAV=PX6+UZTWC-UZTWM

PAV IS THE PERIOD. AVAILABLE MOISTURE IN EXCESS
OF UZTW RFQUIREMENTS,

SOOO DO



[aiie)

[alalel

lelnlalix

SOOOOO OO0 OOOOO0O0 O

O OO0 0

OO0

O

IF(PAV.GE«0.0) GO TO 232

ALL MOISTURE HELD IN UZTW=-=-NO EXCESS.
U%TWC“%?TWC+PX6
G0N TO 233
MOISTURE AVAILABLE IN EXCESS OF UZTwW STORAGE.

232 UZTWC=UZTWM

233 ADIMC=ADIMC+PX6-PAV

s s e s s e s o e i ok ok ok e e o i ok ok i 3 ok i sk 3 e 3 ok oK o o o e 3 oK ol o i sl ok ok ok oK 3 K R e K e
SRF=0.0
SSUR=0.,0
SIF=0.0
SDRNO=0.0
NINC=1e0+0e2%(UZFWC+PAV)
NINC=NUMBER QOF TIME INCREMENTS THAT THE SIX
HOUR PERIOD IS DIVIDED INTO FUR FURTHER
SOIL-MOISTURE ACCOUNTINGes NUO ONE PERIOD
WILL EXCEFD 5.0 MILLIMETERS OF UZFWC+PAV
DINC={1.0/NINC)*0425
NDINC=LENGTH OF FACH INCREMENT IN DAYS,
PINC=PAV/NINC
PINC=AMOUNT OF AVAILABLE MOISTURE FOR EACH INCREMENT.
COMPUTE FREE WATER DEPLETION FRACTIONS FOR
THE TIMF INTERVAL BEING USED-BASIC DEPLETIONS
ARE FOR ONE DAY

DUZ=1e0-({1s0-UZK)*x%xNINC)
DLZP=1+0-((140-LZPK)}**DINC)
DLZS=10-({10-LZSK)**DINC)
DO 240 IC=1.NINC
PAV=PINC
ADSUR=0.0
RATION=(ADIMC-UZTWC) /1L ZTWM
ADDRO=PINC®(RATIO%*%2)
SNRA=SNRO+ADDRO*xADIMP
ADDRN IS THE AMOUNT 0OF DIRECT RUNOFF FROM
THE ARFA ADIMP=-SDRO IS THF SIX HOUR SUMMATION
COMPUTE BASEFLOW AND KEFP TRACK OF SIX-HUUR SUM.
BFE=LZFPC*DLZP
LZFPC=LZFPC-BF
IF (LZFPC.GTW40.0001) GO TO 234
BF=RF+L ZFPC
LZFPC=0.0

234 SRF=S8F+BF
BF=LZFSC*DLZS
LZFSC=LZFSC-BF
IF(LZFSCGT«0e0001) GO TO 235

D-5
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BFE=BF+LZFSC
LZFSC=0.0

235 SBF=SBF+RF

C
g....-‘......Q'...........Q....‘.‘.......'..".0‘......0.“.'.....‘.
g COMPUTE PERCOLATION=IF NO WATER AVAILABLE THEM SKIP
) IF((PINC+UZFWC) «GT0.01) GO TO 251
: HZFWC=UZFWC+PINC
GO TO 249
251 PERCM=LZFPM*DLZP+LZFSM*DLZS
PERC=PERCM*(UZFWC/UZFWM)
c DEFR=140=((LZTWC+LZFPCHLZFSC) / (LZTWM+LZEPM+LZESM) )
% DEFR IS THE LOWER ZONE MOISTURF NDEFICIENCY RATIU
. PERC=PERC*(14.0+ZPERC*(DEFR*%REXP ) )
% NOTF..oPERCOLATION OCCURS FROM UZFWC BEFORE PAV IS ADDED.
é IF(PERC.LTLUZFWG) GN TU 241
% PERCOLATION RATE EXCEEDS UZFWC.
PERC=UZFWC
UZFWC=040
c GO TO 247
g PERCOLATION RATE IS LESS THAT UZFWC.
c 241 ZFWC=U1ZFWC-PEKC
% CHECK T0O SEE IF PERCOLATION EXCEEDS LOWER ZUNE DEFICIENCY.
c CHFCK=LZTwC+LZFPC+LZv’—'SC+PERC—LZTWM-LZFPM-LZFSM
[F(CHECK «LE«0.0) GO TO 242
PERC=PFRC-CHECK
UZFWC“U?FWC+LHECK
¢ 242 SPERC=SPERC+PERC
(C:: SPERC IS THE SIX HOWUR SUMMATION (OF PERC
E‘.'.'.'.........‘....................‘..l.‘.QI.......C‘.O....I....
C COMPUTFE INTERFLMOW AND KEEP TRACK 0OF SIX HOUR SUM,
% NOTEesoPAV HAS NOT YET KEEN ADDED,
NEL=UZFWC*DUYZ
SIF=STF+DEL
¢ 0ZFWC=UZFWC-DFL
(C:....‘........I..‘..I....‘.I.I...."..O.“.....‘.....I.....‘....‘..
o DISTRIRF PERCOLATED WATER INTO THE LOWER ZONES
g TENSTON WATER MUST 3E FILLED FIRST EXCEPT FOR THE PFREE ARFA.
" 247 VPERC=PERC
c PERC=PERC*(1.0-PFREE)
IF((PERC+LZTWC).GT LZTWM) GO TO 243
LZTWC=L ZTWC+P
PERC=0,0
. GN T0 244
243 PERC=PFRC+LZTWC=LZTWM
c LZTWC=LZTWM
C DISTRIRUTE PERCOLATION IN EXCESS OF TENSION
¢ REQUIREMENTS "AMONG THE FREFE WATER STORAGES .



244 PERC=PERC+VPERC*PFREE
IF(PERC.EQ.0.0) GO Til 245
c HPL=LZFPM/ (LZFPM+L ZFSM)
¢ HRL IS THE RELATIVE SIZE OF THE PRIMARY STORAGE
% AS COMPARED WITH TOTAL LOWER ZONE FREE WATER STORAGE.,
RATLP=LZEPC/LZFPM
¢ RATLS=LZFSC/LZFSM
C RATLP AND RATLS ARE CONTENT TO CAPACITY RATIOS. OR
% IN OTHER WURDSe THE RELATIVE FULLNESS 0OF EACH STORAGE
o
PERCP=PERC*( (HPL%2 0% (140=RATLP))/{{1.0~RATLP)+(1.0-RATLS)))
¢ PERCS=PERC=PERCP
o PERCP AND PERCS ARE THE AMUUNT UF THE EXCESS
¢ PERCOLATION GOING T0 PRIMARY AND SUPPLEMENTAL
% STORGES +RESPECTIVELY.
c LZFSC=LZFSC+PERCS
IF(LZFSC.LELLZESM) GO TO 246
PERCS=PFRCS-LZFSC+LZFSM
c LZFSC=LZFSM
c 246 LZIFPC=L7FPC+(PERC-PERCS)
CCQ....’.'...............I..Q...‘........l.....-l....‘........O‘..O
% DISTRIRUTE PAV BETWEEN UZFWC AND SUKRFACE RUNOFF.
é 245 IF(PAV.FQ.0.0) GO TO 249
% CHECK IF PAV EXCEEDS UZFWM
c [F((PAV+UZFWC) «GTJUZFEWM) GO TO 248
% NO SURFACE RUNOFF
UZFWC=UZFWC+PAV
GO TO 249
o
g...’l‘....'I‘..0‘......O...................O..Q.l....“‘....l..'.
g COMPUTE SURFACE RUNODFF AND KEFP TRACK OF SIX HOUR SUM
" 248 PAV=PAVH+UZFWC-UZFWM
WZFWC=U7FWM
SSUR=SSUR+PAV*PAREA
c ADSUR=PAVH(140-ADDRO/FINC)
C ADSUR IS THE AMOUNT OF SURFACE RUNOFF WHICH CDMES
C FROM THAT PORTION OF ADIMP WHICH IS NOT
¢ CURRENTLY GENERATING DIRECT RUNUFF. ADDRU/PINC
C IS THE ERACTION OF ADIMP CURRENTLY GENERATING
% DIRECT RUNOFF.
’ SSUR=SSUR+ADSUR®ADT MP
! 249 ADIMC=ANDIMC+PINC-ADDRO-ADSUR
C

240 CONTINUF
YRR R R R R Ry A SO ST SN BT RY SO B R B AR SN R B B A I AR B B A B L B B A A S

FND 0OF INCREMENTAL DO LOOP.

~ s 3¢ e e e ok e 3K ok o o o oK e sk K oK o 3 o e o R e R R 0 R 3 R 3 3 R % R 3 Ol ke skok ok s stk sl ol R 3Rk
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COMPHTE SUMS AND ADJUS
WHICH THEY ARE GENFRAT

FUSFD=F1+E2+F3
EUSED IS THE ET FROM PAREA WHICH IS 1.0-ADIMP=-PCTIM
SIF=SIF%®PAREA

SEPARATE CHANNEL COMPONENT OF BASEFLUMW
FROM THE NON-CHANNEL COMPUNENT

TBF=SBF*PAREA
TBF IS TOTAL BASEFLOW
BFCC=TRF*(1.0/(1.0+SIDE))

BECC IS BASEFLOWs CHANNEL COMPONENT
BENCC=TRF=-BFCC

BENCC IS BRASEFLOWNON-CHANNEL COMPONENT

grRUNUFF AMUUNTS RY THE AREA OVER
Je

c‘000-00000..OOOI..Q'.c‘oooo..u.‘.'.-o.locooo‘t._o..oooc.oooooqoo.tcoo'

ADD TO MONTHLY SUMS,

SINTET=SINTFT+SIF
SGWFT=SGWFT+BFCC

OOOODOO0 o0 OO0 OO0e 0o laialiel

SRECHT=SRECHT+RENCC

SROST=SROST+SSUR

SRODT=SRODT+SDRM)
¢
% COMPUTE TOTAL CHANNEL INFLOW FOR THE SIX-HOUR PERIOD.
c TCI=ROIMP+SDRO+SSUR+S IF+BFCC
o COMPUTE E4-ET FROM STREAM SURFACES AND RIPARIAN VEGETATIUN.
c EQ=FDMND*NATSF+(EDMND—EUSED)*SARRA
E SUBTRACT £4 FROM CHANNEL INFLOW

TCI=TCI-F4

IF(TCT.GE.0.0) 60 T 250

E4=F4+TC |
) TCI=0.0
¢ COMPUTE TOTAL EVAPUTKANSPIRATION=TET
C

250 FUSFN=FUSED®PAREA

TET=FUSED+ES+F 4
] SETT=SETT+TET
g
(:....QI...OI......Q..I.‘.'......Q............I.‘..‘“.O.....‘.Q..‘.....O
¢
) ROCIRGsIP6,IDA) = TCI
CC.......‘.."........l‘.............'......'.‘...........C.“‘l.......l
¢
c SROT=SROT+TCI
? PRINT SIX=HOUR ACCOUNTING VALUES If REQUESTED.
’ IECIPRINTLEQul) PRINT 90340IDAIP6sUZTWC s UZFWC oL ZTWC oL ZFSC ol ZEPCaAD

LIMCySPERC oROTMP o SDRUWSSURSSIFoBFCCATCTy EDMNDL G TET ) PXb
¢ 90% FORMAT(IH W21346F7.1,7F8.2,3FA.1)

IF(CIDACEQ.TID2) ANDW (IP6.EQLIP2)) GO TO 270

IP6=1P6+1
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IF(IP6.LE.4) GO TO 205

C
IP6=1
INA=TDA+1
GO TO 205
(@, ;
(G e e e e s s o R ke 0o e R R R R R o R o R R R R o R ol o o o e sk ok o o oK 3 K oK e e o o o o R
C
((:: END OF SIX HOUR AND DAY LOOP
(e e e e s ool o oo 3o o 3o e R oK K R R e e o R R R R R o 3 o o o o o oK oK K oK o 3 sk ko K
C
270 TF({IRGNFJNGAGES) GO TO 271
IF((IPRINTeEQel) « ANDW (ICOUNT LTS8 ICOUNT=ICOUNT+1
271 IPRINT=0
€
% COMPUTE MONTHLY WATER BALANCE FOR AREAL SUIL MOISTURE ACCOUNTING.
RAL(IRG)=(UZTNC+UZFWC+LZTWC+LZFPC+LZFSC—UZTWCl“UZFWCl‘LZTWCl—LZFPC
c ll—LZFSCl)*PARFA+(ADIMC—AUIMC1)*AUIMP+SRUT+SRECHT+SETf*SPRT
C
C.......‘.‘O....l....'..’........O.“...O.C.‘.O'Ol....0"0....‘..'."..‘
C
SLIIRG+1)=SROT
SLITIRG2)=SIMPVT
SLIIRG3)=SRUDT
SLIIRG4)=SRNST
SLIIRG+5)=SINTFT
SLUIRGs6)=SGWFT
SLIIRGs7)=SRECHT
SLIIRGe8)=SPRT
SLIIRG+9)=SPET
SLIIRG10)Y=SETT
VLIIRGs1)=UZTWC
VLIIRG.2)=UZFWC
VLIIRG3)=LZTWC
VLIIRG+S)=LZFPC
VLUIRG+4)=LZFSC
c VLIIRG+6)=ADIMC
C
RETIIRN
C

END
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SYMBOL eee EXPLAINATION

F eee MEAN SEASONAL PUT-FVAP CURVE ARRAY

I L INDEX

BF eee BASE FLOW

FP eee DAILY EVAPDRATIUN

E1l ese EVAP FROM UPPER ZOME TENSION WATER

F2 eee EVAP FROM UPPER ZUNE FREE WATER

F3 eee EVAP FROM LOWER ZUNE TENSIUN WATER

B4 ees EVAP FROM STREAM SURFACES AND RIPARIAN VEGETATIUN
F5 eee FVAP FROM ADDITIONAL IMPERVIOUS ARFA

1C ees INDEX

PFE ese POTENTIAL EVAPORATIUN ARKRAY

PL eee INITIAL PARAMETER VALUE ARRAY

P X eee PRECIPITATION AKRRAY

RO eeoe RUNDFF ARRAY ]
SL eee ARRAY CONTAINING MONTHLY TOTALS UF VARIOUS CUMPONENTS
TA eee VARIABLE IN COMMON ‘ A ]
VL ess ARRAY CONTAINING SOIL MOISTURE STORAGE VOLUMES
AID eoe ARFA IDENTIFICATION

BAL see WATFR BALANCE

NEL eee INCREMENTAL VOLUME OF WATER

puz eee UPPER ZONE FREE WATFR DEPLETIUNM COEFFICIENT
EFC eee FVAP ADJUSTMENT FACTOR

HPL eee RATIO LZFPM/LLZFPH + LZESM)

I1DA ees DAY INDEX

ID1 eee FIRST DAY

Ine eees LLAST DAY

IPT ees VARIABLE IN CUMMON BLOCK ONLY

1Pl eee FIRST PERIND OF FIRST DAY

P2 ese LAST PERIOD OF LAST DAY

IP6 seee SIX HOUR PERIOD INDEX

IRG eas INDEX

NQ6 ese VARTABLE IN COMMUN BLOCK ONLY

PAV eee MOISTURE IN EXCFSS OF UZTw REQUIREMENTS

PEG eee PODTENTIAL EVAPORATION OPTION VARIABLE

PX6 LI SIX‘HUUR PRECIPITATIUN

RED ees RESIDUAL EVAPORATION DEMANH

SKF ves SUPPLEMENTAL RASE FLO

SIF eee INTERFLOW

SOF eee VARIABLE IN COMMON ONLY

SSF ese VARIABLFE IN COMMON ONLY

TRF sse TOTAL BASE FLOW

TC1I eee TOTAL CHANNEL INFLOW

TFT eoe TOTAL EVAPUTRANSPIRATION

UzZK ese UPPER ZONE DRAINAGE PARAMETER

YR1 eee FIRST YFEAR

YRZ ese LAST YFAR
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ces AREA NAME ,

eee BASE FLUW CHANNEL COMPUNENT

see LOWER ZONE MOISTURE DEFICIENCY RATIC

eee LENGTH OF SOIL MOISTURE ACCOUNTING TIME INTERVAL IN DAYS

ees LOWER ZONE PRIMARY STURAGE DEPLETION COEFFICIENT -

eee LOWER ZONE SUPPLEMENTAL STORAGE DEPLETION CUEFFICIENT

eee EVAPORATION ADJUSTMENT FACTIIR

sse VARIABLE IN COMMON BLOCK —--- FLOW POINT .0.

eee POTENTIAL EVAP DATA OPTION VARIABLE

ees SUBROUTINE NAME

eee VARIABLE IN COMMON BLOCK ONLY

ees LOWER ZONE PRIMARY STORAGE DRAINMAGE PARAMETER

eee LOWER ZONE SUPPLEMENTAL STORAGE DRAINAGE PARAMETER

eee VARIABLE IN COMMON ONLY

cee MONTHS FOR WHICH A DETAILED SUIL MOISTURE UUTPUT IS REQUESTED

eoe NUMBER OF TNTERVALS IN ONE 6-HR PERIUD USED FUR SOLL MOISTURE
ACCOUNT ING

eee VARIABLE IN COMMON ONLY .

e+ VARIABLE IN COMMON ONLY -== NUMBER UF DAILY FLOW TIME SERIES

--« VARIABLE IN CUMMON ONLY-NUMBER UF ATR TEMPERATURE TIME SERIES

eee VARIABLE IN COMMON ONLY -=NUMBER OF WATER EQUIV. TIME SERIES

eee VARIABLE IN COMMON ONLY

ees VARIARLE IN CUMMON ONLY

ees PERCOLATION RATE

ees AMOUNT OF AVAILABLE MOISTURE FOR EACH INCREMENT

ees VARIARLE IN COMMON ONLY

ees VARIABLE IN COMMON ONLY

eee VARIABLE IN CUMMON ONLY

eee EXPUNENT IN PERCOLATION FQUATION

eee 6=HR SUMMATION OF DIRECT RUNOFF

eee MONTHLY SUMMATION OF EVAPOTRANSPIRATION

eee VARIABLE IN COMMON ONLY

eee PARAMETER SEPARATING CHANNEL AND NON-CHANNEL INFLUW

eee SNOW OPTION VARIARLE

eee MONTHLY SUM OF POTENTIAL EVAPORATIUN

ees MONMTHLY SUM OF PRECIPITATION

eee MONTHLY SUM OF RUNOFE OR TOTAL CHANNEL INFLOW

eee MONTHLY SUM OF SURFACE RUNOFF

eee VARIABLE IN COMMON (INLY

eee VARIABLE IN COMMON ONLY

ees VARIARLE IN COMMON ONLY

veo VARTABLE IN COMMON ONLY

ese CUHRRENT YFAR

eee VARIABLE IN COMMON DNLY
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