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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, Czechoslovakla on 8- 13 September 1975

; The papers are belng publlshed ‘in this format because i
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 o
Director, Hydrologlc Research Laboratory crmus o]
National Weather Serv1ce, NOAA, Silver Spring, Md., .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 brlefly descrlbed.k Complete
‘1nformation on the system as it existed in 1972 was
publlshed.; However, since then the operatlonal system

has been expanded and revised frequently. Information

on new procedures will be published in the technical
literature. - ‘

A maJor rev131on has been made in the 5011 m01sture
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 orlglnal 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 hydrologic techniques needed by the NWS
River Forecast Centers to perform their operational functions. Each technlque
has been developed and/or evaluated by the Hydrologic Research Laboratory of
the National Weather Service. These hydrologlc technlques 1nclude, but are
not necessarlly 11m1ted to, the follow1ng

1. A catchment model ‘which, through the use of s01l moisture accounting formu-
lations and the mathematlcal modellng 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 efjthe catchment..

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

3. Channel routlng models which model the translation and attenuation of a
flood wave as 1t moves between two p01nts in a channel

"4, Techniques for modellng the areal distribution of prec1p1tat10n, to be
used for computing the m01sture 1nput to a catchment on the basis of
point values measured at raln gauges.

In addition to the hydrologlc technlques, the system 1ncludes 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

Addltlonal procedures are belng 1ncluded in the NWSRFS to expand the
flex1b111ty 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 dlstrlbutlon functlon from that
descrlbed in the or1g1nal Sacramento model

SOIL MDISTURE MODEL

The s01l m01sture models that have been used in NWSRFS’have been concep-
~tual in design. This resulted from a firm belief that a number of beneflts
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 varlables but in
unexperlenced comblnatlons. , s :

2. - Models of thlS type are: necessarlly complex and 1nvolve 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 obtalnlng
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 mltlgatlng
~the need to wait for a new data base. to be developed.

/. A conceptual model can~be applied t0‘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. ‘



5. A model that is conceptually based provides a more effectlve
structure for future. modlflcatlon ‘and research ,

The demonstration in the Workshop associated with this symposium will be
limited to the portions of the system pertaining to a single catchment area.
There would not be adequate time to demonstrate all of the flexibility of
NWSRFS. Therefore, only the significant hydrologic concepts of the catchment
(Sacramento) model and mlnor modlflcatlons as made for 1ts adoptlon 1n NWSRFS
are dlscussed.

Model CIaSSificatiOn. ‘The Sacramento 3011 m01sture model is of the deter—,
mlnlstlc, lumped input, lumped parameter type. The or1g1nators, while fully
cognizant of the variability of phys1cal characterlstlcs and hence parameters
within a catchment, did not feel that any existing method of modeling this
variation, or any they could devise at that time, was adequate or realistic.
They therefore opted to design :their model as ‘a lumped parameter technique.
They did, however, include a "variable impervious area' and an incrementation
of lower zone free water when tension water is not completely satisfied.

These -two features give the model some of the characterlstlcs of a probablllty
distributed parameter model. st I

Model Structure. Two zones, upper and lower, are defined. The upper zone
represents the upper ‘soil layer-and interception storage while the lower zone
represents the bulk of :the 3011 m01sture and longer groundwater storage.

M01sture Storage.  Each ‘zone is thought of -as storlng moisture in two forms,
"tension water' and ''free water.' Tension water is that which is closely
bound to ‘the soil particles in contrast: to the water that is free to move.
For any zone, the maximum amounts :of tension water and of free water which
the zone can hold are specified as model parameters. —The amount of water in
each of these storages at any time is a model variable. The basic storage
mechanics are that moisture entering a zone is stored as tension water until
the tension capacity is filled. In the lower zone, however, ‘a portion of the
water entering that zone may be diverted to free water storage before tension
water.is filled.. Once tension water capacities are filled, then additional
water will be stored as free water. Depletion :of free water occurs vertically
as percolation, horizontally as channel :inflow and non-channel groundwater
outflow or as evapotransplratlon.;aTension water is depleted only as
evapotranspiration. . - : : L

Channel Flow from Groundwater. In order for a continuous model to accurately
simulate extended periods of fair weather flow, it must have a ‘rather
complex groundwater flow withdrawal function.  In:this model, 'this is accom-
plished by defining two lower zone free water storages: primary, which is
slow draining and longer lasting, and supplementary, which is faster draining.
The outflow from each of these is, in each computational time period, the
product of the contents and a constant withdrawal parameter. The two param-
eters (primary and supplementary) are not equal to each other.  While the
depletion functions are simple, the total groundwater outflow is governed by
these functions acting in combination with some rather involved mechanics
which apportion inflow to the lower zone between the two free water storages,
and balance tension and free water storages. The originators of the model




believe the concept of two separate groundwater components to have some basis
in fact and have had a degree of success in identifying them from observed
streamflow records.

Percolation. The flow of water from the upper zone to the lower zone is
expressed by a formula considered to be the "heart'" of the model. In this
formula, a percolation rate "PBASE" is defined as the maximum lower zone flow-
through rate. This is numerically equal to the outflow from the lower zone
under saturated condltlons.

Under conditions of unlimited moisture availability in the upper zone,
the actual percolation rate may vary between "PBASE" when the lower zone is
full, and a maximum value which would occur if the lower zone were empty.
This maximum rate is defined by a percolation parameter, "ZPERC," such that
the maximum rate is equal to the product of "PBAS“" and "l+ZPERC."

The variation of percolatlon rate between the minimum and maximum values
thus defined occurs as a function of the lower zone deficiency ratio. This
ratio (DEFR) is simply the difference between lower zone contents and capacity
divided by the capacity. The ratio may vary from zero (lower zone full) to
unity (lower zone empty). In its computation, both tension and free water
are considered. - In order to permit the effect of the deficiency ratlo to be
non-linear and to vary among catchments, a parameter "REXP," which is
dependent upon soil type, is applied to the ratio as an exponent. Thus, the
actual percolation rate under condltlons of unllmlted mo1sture avallablllty
in the upper zone is:given by. : : ~

REXP,

- RATE = PBASE (l + ZPERC *. DEFR )

where:

RATE is the percolation rate as defined above.
DEFR 1s the lower zone def1c1ency ratio.

The true percolatlon rate is equal to the product of "RATE" and the
"upper zone driving force,'" which is the ratio of upper zone free water
contents to upper zone free water capacity. Thus, the percolation will be
zero if upper: zone free water is® empty and equal to "RATE" if the ‘upper zone
is full. : : : ~

The formula: involves. eight model parametetrs. Two of them, ZPERC and
REXP, appear only in this formula. The remaining six serve their primary
purpose in other parts of the model: Four model variables,; related to stor-=
ages in both zones, also appear. The formula interacts with other model
components in‘'such a'way that it controls:the movement of water in all parts
of the soil profile, ‘both above and below the percolation interface and is,
in turn, controlled by the movement in all parts of the proflle.

Variable Imperv1ous Area. A portion of the water- enterlng the ba31n is-
assumed to be deposited on impervious areas directly connected or adjacent to
the channel system and thus becomes channel flow. This portion is defined by
two. parameters: representing its minimum and maximum values. ~ The actual area




used in the computation varies between these: 11m1ts as a function of the
amount - of water in storage. : ~ :

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

1. Direct runoff, resultlng frOm m01sture 1nput belng applled to
the variable impervious area.

2. Surface runoff. When moisture input is supplled 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 dralnage from lower zone :

'~ supplementary free water. k L

5. Primary base flow, lateral dralnage from lower zone prlmary
free water. L

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 dis:
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 of 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 ehannel 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 computatlonal time step described above is a subdivision of the 6-hour
period and has mathematlcal significance only. The computations are accumu-
lated over a 6~hour perlod and applied to a unit hydrograph functlon
representing a 6-hour duratlon event. ; :

Calibration. A very difficult problem Whlch always accompanies the use of a
hydrologic model is that of calibration or "parameter optimization.'" A model
is 0bv1ously useless if its parameters cannot be evaluated. Yet, the deter-
mination of the optlmal values of flfteen to twenty 1nterrelated parameters
is a formldable task. The Natlonal 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. Automatlc technlques 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 functlon.‘ The method used is an application of the "Pattern
Search" technique descrlbed 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 attaln 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 unreal1st1c.

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. ‘ o -

Data requirements for the model are somewhat greater than for simpler
"event' type models; since-the model utilizes a contlnuous 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—cllmatlc characteristics of the catch—
ment and the amount of hydrologic activity durlng the perlod in questlon.
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 partlcular rlver ba51n are also 1ncluded in
the complete NWSRFS system. ~ ~

The modular form of the NWSRFS permits the 1ncorporat10n of additions
and improvements with a minimum of programming effort. A snow accumulatlon .
and ablation model (Anderson 1973) has been added to the original system.
Dynamic (implicit) routing techniques for use on major rivers where serloUS"
backwater problems are encountered due to interconnected river systems or
tldal effects (Fread 1973) are belng 1ncorporated 1nto the system.

It is not planned to publlsh the entire rev1sed 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 rev1sed
techniques will continue to be publlshed in the literature.
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CALIBRATION OF NATIONAL WEATHER SERVICE RIVER FORECAST SYSTEM:
INITTALIZING 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
hydrometeorologlcal data base of a catchment. The
- techniques utilize catchment maps, prec1p1tat10n*recordé;‘
~and streamflow records to estimate the magnitudes of
soil moisture storage components and appropriate dralnage‘
coefficients. Step by step demonstrations of the
~estimation procedure are included. As an example,
parameter estimates are obtained for 31mulatlon of the
South Yamhill River near Whlteson, Oregon.* '
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_ INTRODUCTION

The soil moisture accounting program of the catchment model
developed in the Natlonal Weather Serv1ce (NWS) Sacramento, California,
River Forecast Center by Burnash et al.;(1973), 1s presently used in
the Natlonal Weather Service River Forecast System (NWSRFS) (NOAA 1972).
A general descriptlon of the model 1s glven in the companion paper
prepared for this workshop (Peck 1975) ~F1gure~l is ‘a flowkd;agram
illustrating the various paths water takes in the model.mrAeiieting
of the NWSRFS subroutine for this model appears rn appendix~Di7

Calihration,ofithekcatchment[modei requires determinatibn,of
values for 16 parameters asSociated with SOi1~mcisture accounting.
This sectioh’descrihesimethqukfcr determihinghiﬁitiai 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 dey—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 addltlonal optlons for varying the shape of the

routing functlon if required.
SOIL MOISTURE PARAMETERS

- The patameters for the catchment model dealing Withkvsrions phases of

the soil moisture accounting are:

Direct runoff:

- PCTIM Fraction\of'impervious basin contiguous withfstreaﬁ channels.
~ ADIMP kThat fractlon of the ba31n which becomes 1mperv1ous as all

: tension water requirements are met.i : :

‘SARVA Fraction of basin covered by streams, lakes ‘and riparian

vegetation.

Upper soil:moisture zone

;,UZTWM‘ Max1mum capac1ty upper zone ten31on water in mm.
 USFWM ‘Max1mum capac1ty of upper zone free water in mm. -
UzZK Lateral dralnage rate of upper zone free water expressed as a

fraction of contents per day.
‘Percolation

ZPERC A factor nsed to define the propoftional increase in percolation
from saturated to dry lower zone soil noisture conditions. This
parameteryindicates, when used with other parameters, the maximum
percolation rate possible when npper zone storages are full and
the lower zone soil moisture is 100% def1c1ent

REXP An exponent determlnlng the rate of change of the percolatlon
rate as the lower zone def1c1ency ratio varies from 1 to;O

(1 = completely dry; 0 = lower zone storagecomple'ktelykfull)°




Lowér zone
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Maximum capacity of lower zone tensionkwater in mm.

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

Lateral dralnage rate of lower zone supplemental free water

expressed as a fractlon of contents per day.

Max1mum capac1ty of lower zone primary free water storage in mm.

Lateral dralnage rate of lower zone prlmary free water

expressed as a fractlon of contents per day.k‘

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 1s reallstlc for the ba51n, such that parameters

have phy31cal mean1ng, good flrst approx1mat10ns for some of the parameters

may be inferred from streamflow records, prec1p1tat1on records, and other

basin characterlst1cs. The chances of obtalnlng the most representative set

of parameters are 1ncreased w1th success1ve approx1mat10ns 1f the flrst

approx1mat1ons are reasonable.

' The soil moisture model parameters may be grouped accord1ng to the

methods for obta1ning first approx1mat10ns. The parameters and.thelr ‘

assoc1ated classif1cat1ons are:

1. Parameters readlly computed from observed hydrograph and prec1p1tat10n

 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 estlmated from maps of water area
SARVA | |
4. Relative values could possibly be estimated‘for:the following“
parameters from soil percblation eharaeteristics. However, the best
first estimate is to use values from similar nearby ba81ns that have
been prev1ously 31mu1ated B
’ ~ ZPERC
REXP
5. Nominal starting values used k
o ‘ . SIDE
ADIMP
RSERV

INITIAL PARAMETER DETERMINATION

The South Yamhill River near Whlteson Oregon, u.s. A.,khas been selected
for use as an example for this Workshop Appendlx A contalns sem110gar1thm1c
plots of the observed hydrograph for thlS rlver for the water years. 1963
(Oct. 1962 to Sept. 1963) and l965 (Oct 1964 to Sept. 1965) These plots .
contain sufficient varlatlons in observed flows for computlng those 1n1t1al
soil moisture values determlned from observed hydrographs ;

Hypothetical examples are dlscussed 1n thlS sectlon to gulde the work—
shop part1c1pant in selectlng 1n1t1al parameters for the South Yamhill Basin.
For comparison purposes, actual examples of determ1nat1on of 1n1t1al param-.
eter values for the South Yamhlll Ba51n w1ll be demonstrated 1n appendlx B.

The South Yamhlll Bas1n was selected for an example since it has a large
variation in hydrologic flow condltlong 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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Flgure 2.——-Semilogarithmic plotting of a hydrograph, showing
method of rece831on analy51s.
1975). The characteristicskof,theyhydrograph 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 perlod when the rece331on is the flattest (least decay W1th
time) with a minimum of prec1p1tat10n and calculate a slope durlng thls

period.



Example: -
Primary flow on August 1: 0.42 mm (QPZ)
Primary flow~on~June R 0 50 mm- (QP )
Prlmary dally recession rate (K ) (QP /QPl) 1/t
where: t is time in days

= (0.42/0.55161 = . 997

LZPK =1 - K =:0.003
A value for the maximum free~primary‘watet storage may ‘be obtained by
dividing the max1mum dlscharge under only prlmary flow condltlons by the

daily depletion rate (LZPK) ThlS calculatlon should be based on the largest

value of prlmary flow Whlch can be observed or estimated from the hydrograph
trace.

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

Supplemental (LZSK and LZFSM)

Computations similar to those used for the prlmary storage values are
uséd for the supplemental values. In this case, estimates of the prlmary
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 i ~ 8.10 mm 1.68 mm
Estimated‘primary k 0 0.10 mm 0.08 mm
Estimated supplemental  8.00 mm 1. 6? mm
1/40_

Supplemental daily recession rate‘(Ks) = (1.60/8.00) = 0.960
‘ '  LZSK =1 F‘KS =1 - 0.960 = 0.040

~and ‘

LZFSM = 8.00/0.040 = 200 mm

Percent Impervious (PCTIM)

A small tise on the hydrograph during ankextended dry period may be

used to compute a value for PCTIM. This is calculated as shown in figure 3.
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2 .

=z - OBSERVED DISCHARGE .
Z 0.2

gé,

Q Ol 0 ©ON

20 ESTIMATED BASEFLOW

1 2 3 4 5 6 7
DAY
~ Basin  Observed Estimated Estimated
" rain  discharge baseflow ‘direct R.O,
Day  (mm) (mm) (mm) (mm)
1 0.0 0.09 10.09 ©0.00
2:::30.0 .15 «12 : . .03
3  19.0 22 A3 ; .09
4 0.0 .23 .14 .09
5 0.0 .19 14 .05
6 0.0 .13 12 .01
7 _0.0 0.09 0.09 _.00
49.0 ‘ E : . 0.27
PCTIM estimate = IDiract R.0. = 0.27 = 0.0055

rRain 49
Figure 3.-— Calculation of PCTIM

Lower Zone Tension Water Maximum (LZTWM)

Select a period following an extended dry period, as indicated on
figure 4, where the discharges Ql and Q, represent only baseflow. A time ty
should be selected immediately prior to the occurrence of direct and/or

surface runoff and time tZ immediately féllowing akpériod ofkiﬁterflow.
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Figure‘4.¥;'HydrographkfOrkdetermination of LZTWM

The discharges Ql at t, and Q2 at t, can be separated into the supple-
mental and primary baseflow components by pro;ectlng primary baseflow

backwards from later periods.
At ty: Ql = QSl + QPl and at ty: Q2 = Q82 + QP2

Primary and supplemental free water storages (LZFPC and LZFSC) for each

of the two times are computed by dividing the storages by the appropriate
drainage rates. =

LZFPC
LZFSC

QP/LZPK
QS/LZSK

Assuming that UZTW is full and UZFWC is empty at times ti and ty, the water

balance for the period may be expressed as:
Px - RP - PE - ALZFSC - ALZFPC - ALZTWC = 0

where: Px is prec1p1tat10n durlng the storm in mm.

"R is the total runoff in mm.
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PE is the evaporation from the basin in mm (for most wet
periods, this would be small and can be neglected).

- ALZTIWC is the change in the lower zone tension water.
k A1l values except ALZTWC are measured or estimated. The ALZTWC.repre-
sents the increase in the LZTW during the time interval and not necessarily
LZTW being completely filled. This is an indication of the lower limit of
LZTWM. Since the LZTW would probably not have been entirely empty prior to
the storm, a small percentage (10% tok20%)xshould be added to ALZTWC for
small storages of LZTW, to arrive at an estimate for LZIWM. For large lower
zone tension storage the percentage to be -added should be larger (10-40%).
For cases where these ideal conditions following an extended dry period can
not be found then a water balance for ailarger‘pefiod of 3-to 4 months can be

used to compute LZTWM.

Upper Zone Tension Water Maximum (UZTWM)

An estimate of UZTWM from the~hydtograph is feasible. All periods of
rain following a dry period should be checked to determine the amount of
preCipitation the pervious area can hold without surface runoff occurring.
Where the prec1p1tat10n is assoc1ated with only the one perlod, the entlre
amount can be used in maklng the estlmate If prec1p1tat10n occurred over
several days, it is more dlfflcult to calculate the value s1nce evaporatlon
losses durlng the perlod must also be con51dered

For the Yamhill R1ver near Whlteson the follow1ng were observed to have

occurred.
Approximate date SO0 Remarks
17 oOct. 1958 3- day storm of 76 mm w1th surface runoff
o k k Low UZTW prlor to storm. k
4 Sept. 1959 3- day storm of 42 mm overflowed UZTW.
", k 'Condltlon of UZTW at start of storm not certain.
23 Oct. 1960 6— day storm of 76 mm. Produced some overflow‘
“ | ~ of UZTW. -
23 Aug. 1963 3-day storm of 23 mm and a 5-day storm of 31 mm.

Produced no overflow of UZTW.
13 Sept. 1973 4-day storm of 35 mm with no overflow of UZTW.



20

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

The UZFWM cannot be obtained directly fromfthe;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. - ’ k k

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 - UzK) = 0.10
where: N is the averageinumber of days that interflow is observed.

A value of UZFWM can be determlned us1ng the UZK computed above and the
dlscharge, corrected for supplemental and prlmary baseflow, at the t1me of
the hlghest 1nterflow Wlth ut surface water contrlbutlon. It must be recog—‘
nlzed that this is a rather rough estimate. The general range for UZFWM has‘

been found to be from 6 to 85 mm w1th an average of about 25 mm.

Percolatlon Water Percentage (PFREE)

An estimate of the relative importance of PFREE can be determlned from
1nvest1gat1ng storms follow1ng long dry spells that do produce runoff (UZTW
completely fllled) If the hydrograph returns to approximately ‘the same
baseflow as before (1nd1cat1ng 11ttle or no addltlon to the lower zone free
water storages), then PFREE 1s of 11tt1e slgnlflcance and has a very small
value ranglng from 0 to O 2 If there is a significant increase in baseflow
following thls type of storm, then PFREE can have a value aedhigh 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.

PercolatiOnkParameterS‘(ZPERC‘and'REXP)~;

An understanding of the important role played by the pereolatiOn 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 1n
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 fromﬁthe lower zones and under
steady conditions would reprééent the percolation to replace the amount ’
removed from the lower zone free water storages as baseflow. As the 1ower
zone soil moisture becomes def1c1ent, the percolation rate increases. When -
the lower free water storages are completely dry (1007 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
aelehOWn in figure 5. ‘

Initial values of ZPERC must be estimated using as a guideline some
evaluation of the possible maximum perc613tion?rateﬂtﬁat woﬁl&kbe“expeéted
for the ba31n when the upper zone free water storage is full. The ablllty to
estimate thls value would increase as addltlonal 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

RATE=‘PB~ASE‘[1+‘ZPERC(DEFR)REXP':|
"~ WITH UPPER ZONE STORAGES
- (UZTW AND UZFW)
AT MAXIMUM

/

REXP>1.0 ~— REXP=1.0

PBASE

100 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 simulatiOnbfit. 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 thé'lower zone édil 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 0.0l. 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.
2.

Input parameters and other initializing entries.
Summation sheet of the statistical summary for the 5-year

simulation (Oct. 1962-Sept. 1967).

Sample of yearly summary showing soil moisture accounting volumes

for each month and listing of soil moisture variables at the end
of each month. ‘ :

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

2o+ melt).
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. 0,000 11.141 52,3
. 0,000 22.207 1640
. 0.000° 33.499 15,0
. 0.000 22,584 0.0
. 0.000 15,809 4,6
. 0.000 10,087 0.0
. 0.000 6,945 3.
. 0,000 5.552 0.0
. 0.000 4.611 0.0
. 0,000 3.877 0.0
. 0.000 3.3¢9 1,8
. 0,000 3.068 4,6
. 0.000 2.R42 3,3
. 0,000 2.635 3,8
. 0.000 2.578 _1,5
. 0.000 2.4n9 19,6
. 0,000 3.764 8,4
. 0.000 4.667 6.3
. 0.000 44912 0,0
. 0,000 4.366 .3
. 0.000 3.R02 0,0
. 0.000 3.331 0.0
. 0.000 - 2.974 _0.0
. 0.000 2.748 15,0
. 0.000 3.915 3.6
. 0,000 3.933 0.0
. 0,000 3.463 4,6
e 0,000 3.275 7.4
. 0.000 3.519 9,7
. 0,000 3,990 0,0
. 0.000 3.613 0,0
. 0.000 3,331 0,0
. 0.000 3,030 0,0
. 0.000 2.7°9 0,0
. 0.000 2.465 0.0
. 0.000 2.277 0.0
. 0.000 2.089 1,0
. 0,000 1.938 4,8
. 0.000 1,957 0,0
. 0,000 1.784 .8
. 0.000 1,735 8,9
. 0.000 1.920 11,2
. 0.000 2.051 3,0
. 0,000 2.009 .3
. 0.000 1.957 1,0
. 0.000 1,901 0,0
: 0,000 1.863 0.0
. 0.000 1,797 3,0
. 0.000 1,731 3,6
. 0.000 1.724 12,4
. 0.000 2.070 .5
. 0.000 1,995 6,1
. 0.000 1.957 15.5
. 0.000 2.296 31,7
. 0.000 6.267 36,1
. 0.000 13,193 37.1
. 0.000 20.514 25,9
. 0.000 24.278 7.1

100,000 SIM.  OBS, RAINMELT
. 0,000 19.949 0,0
K 0.000 13.663 .8
. 0.000 B8.921 9.4
. 0.000 7453 .3
. 0.000 6.625 18,3
. 0.000 7.942 12.4
. 0.000 8,558 15,0
. 0,000 8.958 8,1
. 0.000 9,015 2.5
. 0,000 7.697 .5
. 0.000 65.361 0,0
. 0.000 S5.4720 6,9
. 0.000 4.893 3,0
. 0,000 4.9231 22.4
. 0.000 5.853 16,0
. 0.000 6,531 9.4
. 0,000 6.8R8 _2,0
. 0.000 64323 11,7
. 0,000 6.455 12,2
. 0.000 7.001 3,0
. 0.000 6.286 0,0
. 0.000 5.477 0.0
. 0.000 4,799 0,0
. 0,000 4.272 3,8
. 0.000 4,027 0,0
. 0.000 3.576 .5
. 0.000 3.1r2 0,0
. 0,000 - 2.842 0,0
. 0.000 2.635 S,1
. 0.000 2,572 4.8
. 0.000 2.4R4 13,5
. 0.000 3,049 7.4
. 0,000 3.237 _1,3
. 0.000 2.879 13,7
. 0.000 4.046 4l.1
. 0.000 B.977 14,0
. 0.000 10.9°6 4,6
. 0,000 9.937 .8
. 0,000  7.490 3.6
. 0.000 S.R34 1,8
. 0,000 4761 .5
. 0,000 3.990 .3
.. 0.000 3.519 0.0
. 0.000 3.086 0.0
. 0,000 2,748 1,5
. 0.000 2.478 0,0
. 0,000 2.164 0.0
. 0,000 1.957 0.0
. 0.000 1,758 0.0
. 0.000  1.592 0,0
. 0.000 1.459 .3
. 04000 1.3%5 5
. 0.000 1,277 0,0
. 0,000 1.199 0,0
. 0,000 1,131 0.0
. 0,000 1.071 0.0
. 0.000 .992 0,0
. 0.000 #9329 0.0
. 0,000 879 0,0
. 0.000 <834 .3
. 0.0

0.000

TV




SIMULATFD +=0BSERVED

#=

WATER YEAR 1963

SOUTH YAMHILL NR WHI

SEMI-LOG MEAN DATLY FLOW PLOT(MM)

RATN+MELT

SIM,. 0oBS.,

.100 1,000 10,000 100,000

010

0 8 8 0 85 0 0 8 6 6 9 0 L S P S & 0 0 B 0 S 5 0 S 0 8 P S 6. 9 6 0 5 0 0 0.8 0 0 & 0.0 0 5 0. 6 S0 0 5.+ 0 0 0 s 0 0 0 e
o N Moo COCOCOOOC OO Nim CCONFMANNOCOUEMO~MMhMNOOCOOoOOCOoOOOOINNCOOOOOCCOC
-
NCMOTMNINCONMO A DO~ ITXMNMOMEID~OOVOLIONUNMOLT~ O I~ ONON=ANINMEOTOONM M OGN
QR U R = L (O XL H GO E LA A GO GIE N 0L ORI C 0O TS a IS
MO OO NI OO OMOIONOOEEEOE OO ENNN OO  EO OG O et i (O (W 1t ] gt} ot gt o gomt
L O R I I I R I I R S R I T I R I I I S Y
-l A - - N - NN Y- - - N RN XN N RN Y- RN N-N-N-R-R- NN -N-F-R-W-F- N NN NN N-¥-
COOOOCOOCOOO0OCOOOCOOO000OCROCOoO00000OCCO0O0O00CO0RO00COOOOROCOOODOD:
ottt iR R = R N N - Y - R i R e N N N e - R KRR N - NN
PSS A I R I R R e Y
AR - - R R RN N NN - YRR NNy YN NN NN N NN NN NN NN N Y N-N-N-¥1
L e I I A T N N R e N L N e R T T T S S S S S Y W)

.
l...OO'.........I..I'......l....."..l.l....‘......Cl‘...‘..'
+
R
+ 4+
+
+
+ o+ o+
+ + + +
+ 4+ + + o+ o+ + + + +
CI.......‘..'.....Q"....'f.".'...'00'..0.’0............-......
+ o+ + +

Fok o ko ol ok ok d o ok w ok ok ok %k & & ok % % & o gk ok ok ok o % & o & & & & % % % & & & % & % ok & % & % % % & %k &K & & ok % &
~ANMOTVOFROCEE~NMINONDOD~NNINOMNDOQR-ANMNMINONDOC~NMINOSNDOO~AUMITNOND O G
el R R R e R I I I oV U A VI VI VI VI VI W A VW o} L B B B e B B I T I A U A VI AN A VI GV VR A U A R (VRSN o W o |

100,000

RATN+MELT

SIM,

010 «100 1.000 10.000

G-SEP

=
<

0BS,

A-3

.
00000000005000000358306550000008000000083086636“6000000000000
LA I R R R o R A A A A R A A L A N I N A A N R e A ) ® O 0 & 9 & S 0 & & 0 e 0 e e N 0w
cCcoocococe coocoCcon S AV o Tal cocoocooco CCOCOCOmmMOmTUYVIMHFNOOOOMOOCCOCOOO
o - . - -
FONOCOOMMet O~ ONOCNYOINNCNTR VO VOLNOONTIOVOTANNONSINMN O~ OO VRO =" CrOOSO
OO UG G G CC 0 O G Cimd IR T A CA MR MACC O C 000 0CriCHmr LIMmAE el 0 N
it e ] e et gt et o ot ] o et © D et et s gt g et (U (N il o gt gl et gt o ! il ot e St € G D S et g gt O (7 (A e g gt g gt (V) o} et g gt g et
......Q.........l......C....'I...b.'.‘.l.‘....................
0000000000000000000000000000000000000000000000000000000000000
COCOOOOCOOOOOCOOCOOCOOOOOCOOCOO0COOCOOOCO0RO0CODOOOCOOO0Oe OO0
e - = e e R N R N e o N N N o N N N N R R R R o - R - ===
S % 8 0 0 0.5 .5 5 0.0 0 9 5 2 0 0 0 8 0 0 2 L L S P S VG S S S S S O G S L S B S S G S .60 0 0 0 0 s e e e
RS Rl R R R e N N N N - N R NN N N N N - - - - - - - -
0..0.....0..'..'.0....II...’Q‘l."l.....h..0..'...'0...".0.!.
'.l...‘..Q...C...I.'.......l..............‘.......0.‘..‘.....
.'..IO'..'...O..O‘.‘O...l..‘..Q....O‘.'..'....l..............
....0...'...........0....'.".I....‘.....'.'.....‘0........'.
‘.l..O.Q..I.I...O...."'O..l.......'....l.'........"'....'..
+
"...................O..l...0............'..I......l"'......
+ +
+
+ + +
+
+ + +

+ + + + + +* +* + ¢+ +* + ¢+ 4+

+ 4+ + + LR N K R B 4 + + +
+ + +
LA O I A A R A I I I I I I I T I R R I I S I o N I T T T S S Y
+ + + 4+

LR A R O I B O O I R I I I I R 2 I I S S S R S T S I I T S S S S ST T Y ST N Y S SN SPUPURPAP A
....0..........“.........'.....‘..'.......OIQ.........'.....
'.....‘.'."0..‘.............O......'...O'O....’...........'O
X% ko ok ok o o & k& X X o ok % % & % % % & % % % % E % o & % % & ok & % &% & & ok & % ok & % & & & ok & & & % Xk & & & &
1234567899123456789912345678991123456789012345678901234567890
(e e kel Eeaianka ke Rl o KoV SUN QNN NI VK GV AV VIN VN o o) il N R il e Ko ol AN AU AV (NI o VIR VIN A VN AV N Vo E i o0



***ﬂl##*###*##*t*###ﬁ###***#**#**ﬂ###****###t«*####**#4*#*####*

###***##*###*#***##*'*####**##**#*###*#####**#######***#*##*#v*

A A L A e e I I I T T T T . e

A A A A I I I S T T T T S * o o o

SEMI-LOG MEAN DATLY FLOW PLOT(MM)
OCT-NOV

«010

L A A e I I I I I I T T T * o ¢ 0 o

D A A O A A e T I I T

LA A A I I I I I I T T S S ® o o o o

A A A A e e I I I T T T I T T .

® 0 2 0 6 0 0 0 0 @ P O O L e e 0 e s e e e O S BT O G e @

ot

+eo 0 0
+

® @ 6 0 0 e 0" 0 0 0 0 0 e
+

e e 0 o o o o
LN R TR R 1
+ +

SOUTH YAMHILL NR WHT
<100

+ + 0 0 0 00 0.0 0 0 5 0 0 00 I 0 P L e e s e e 6 PO 6 G 0 e e e G e e e s e

¢ ¢+ 0 0 0 9 ¢ 6 6 e o 0

® 4 0 9 5,0 4 00 0.0 0.0 00 2 0 P L G L G O L C O LS G 0 I L G E e S S L e e e e e e * o o o

WATER YEAR 1965

1.900

A A O T T T T T e o o o

L A I T T T e o o

L R L I T I T T T U ® o ¢ o 0o o o

+
.
.
.
.
.
- +
ot
¥
ot
'S
s +
. +*
o +
. +
.
.
.
° +
ot
e
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
-
.
.
.
.
.
.
. +
° +*
. +
. +
.
.
.
.
.
.
.
.
.
.

#=SIMULATED  +=0BSERVED , .
10.000 100,700  SIM.  OBS, RATNsMELT
. . . 0,000 115 .5
. . . 0,000 +218 1.3
o . . 0.000 2151 0.0
. . . 0,000  .136 0.0
. . . 0.000 117 0.0
. . . 0.000  ,098 0.0
. . . 0,000~ .090 6.6
. . . 0.000 2004 4.3
. . . 0.000 o172 2.8
. . . 0,000  .149 .3
. . . 0.000 0158 0.0
. . . 0.000  .139 0.0
. . . 04000 W122 L5
. . . 0.000 117 3,3
. . . 0.000  .174 5.6
. . . 0.000  .149 3.3
. . . 0.000 0171 0.0
. . . 0.000 173 0,0
. . . 0.000 158 0.0
. . . 0.000 «137 0,0
. . . 0.000  .130 0.0
. . . 0.000 1722 0,0
. . . 0.000 G117 0.0
. . . 0.000  .113- 0.0
. . . 0.000 <111 0.0
o . . 0.000 111 0.0
. . . 0.000 «199 7.1
. . . 0.000 «117 0.0
. . . 0.000 «139 6.1
. . . 0.000 <147 2,0
. . it 0.000 .13 . .3
. . . 0.000 «226 14,7
. . . 0,000 209 2,5
. . . 0.000 +378  20.3
. . . 0.000 «640 13,5
. . . 0.000 «RP8 0,0
. . . 0.000  J5R7 0,0
.. . . 0.000 «435 R
. . . 0,000  .361 2.0
. . . 0,000  .3%4 2.8
. . . 0.000 «301 11,7
. . - 0.000 « 344 6.1

. . . 04000 <469 27.2 .
. . . 0,000  .802 4.8
. . . 0.000  .794 0.0
. . . 0.000 «610 o3
. . . 0.000 .40l 0.0 °
. . . 0,000  .439 0.0
. . . 0.000 .397 0.0
. . . 0,000 «3A3 0,0
. . . 0.000 339 0.0
. . . 0.000 4322 .3
. . . 0.000 «316 16,3
. . . 0.000  .798 31.7
. . . 0.000 4.705 39.1
+ . . 0.000 10,313 26,7
.. . . 0.000 84187 23.4
+ . . . 0.000 Te679 15,2
. . - 0.000 5947 10,7
. . X 0,000 5.740 13.2
+ . . . 0.000 Te810 46,7
10.000 100,000  SIM.  O0BS. RAINMELT
o *+ . . 0.000 l3o?§8 - 19,3
. . . 04000 17.446 4.8
. . ; 0.000 15.255 .5
. . . 0.000 9.673 8.9
. . . 0.000 6.229 0.0
B . . 0.000 4,667 1.0
. . . 0.000 3.745 6.1
. . . 0.000 3.388. 6,3
. . . 0.000 3.388 7.9
o . . 0.000 3.632 10,7
. . . 0.000 44140 6.6
. . . 0.000 4e.201 S.1
. . . 0.000 4.197 1.3
. . . 0.000 4.272 19.3
. . . : 0.000 6.775 6.9
. . : 0,000 6.478 0,0
. . . 0.000 4.803 0.0
. . . 0.000 3.764 3.6
. . . 0.000 3.576 27.7
. . . 0.000 3.576 24.6 .
+ . . . 0.000 80017 97.3
. . . 0.000 46.673 93,2
. . .., 0,000 B82.996 46.0
. . . 0.000 56,272 26,2
. . . 0.000 41.9648 13,2
. . . 0.000 32,370 31,0
. + . 0.000 30.112 17.3
. + . . 0.000 24,842 16,5
. . . 0.000 19.573 18.0
. . . 0.000 14.981 11,4
. . . 0.000 10.652 2.8
+t . . . 0.000 T+697 7.9
. . . 0.000 9.178 26.9
. . . 0.000 13.701 9.1
. . . 0.000 12.346 8.6
+ . -~ 0.000 9.956 ?21.8
. . . 0.000 12.082 11,7
. + . . 0.000 12.910 3.3
. . . 0.000 10,069 4.8
.. . . 0.000 8,017 _6.3
.. . . 0.000 7.641 13,7
+ . . 0.000 9.448 3
*+e . . 0,000 BQ6Q1 3
+ . . . 0.000 T.227 3
. . . 0.000 6.098 0,0
. . . 0.000 5.608 0.0
. . . 0.000 5.495 0.0
. . . 0.000 5.175 0.0
. . . 0.000 44724 0.0
. . . 0,000  4.441 R
. . . 0.000 4.366 3.6
. . . 0.000 4.636 5.8
. . . 0,000 54119 4,1
+t . . . 0.000 6.794 69,6
. . . 0.000 17.446 18,3
. . . 0.000 21.831 20.6
. . . 0 000 21.078 17.0
. . . 0.0 21.455 75,0
. . . <000 49.496 51,1
. . . 1«000 S2.319 15,0
. ot . J.OQO 35.3R1 6.3
. + . . 0.000 25.783 0.0
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T7.773 1,8
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5.665- 12,2
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INITIAL VALUES OF SOIL MOISTURE PARAMETERS

APPENDIX B

FOR

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

Parameters

Primary Parameters

Supplemental Parameters

Percent Impervious

Lower Zomne .

Upper Zomne
Upper Zomne
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

-SSOUT

SIDE
ADIMP
RSERV

" ZPERC

REXP

0.
-0

Initial
values

0.003
33 mm

0.054
180 mm

0.01
140 mm
35 mm
0.3
25 mm
0.3

01
.00

[N e Nl
w o o



DAILY FLOW PLOT(MM) SOUTH YAMHILL NR WHI WATER YEAR 1965 #=SIMULATED  +=OBSERVED

2010 «100 1,000 10,000 108,000 SIM.  0BS. RAIN®MELT
s O . L, - . . . . . « . 0,000 «060 0.0
. 5-——-» . . N . . . . 0.000 «063 0,0

AUG-SEP «010 +100 B 14000 -~ 10.000 o 100,000 ~° SIM. 0BSe RAIN#MELT
1 e . . . B v . . i 3 e 84000 «649 .3
2. . . . - . e . P . . 0.000 <055 o3
3 . . 0 - . . . . . . . 0.060 ~e051 3
4 . . . + . . . . . N . 04000 <056 0.0
5 * . . . v+ . . . . . . . 0,006 4060 0.0
6 * . . . + . . . . . . . 8.000 +058 0.0
7 * . . o ¢ . . . . . . . 0.000 1049 o3
8 * . . . 4 . . B . . . . 04000 047 145
I . . . . . ‘ - Wi . . 0,000 2049 0.0
10 + . . e . . 3 e o Te . 0,000 e 043 3
11 * . . . . . . ‘e . v e 0.000 w045 443
12 * . . B Ce A . o . . 0,000 4053 5.1
13 = . . . + . o 5 B . . . 0,000 0058 0.0
14 ® . . . v . - . . .. . 04080 4070 0.0
15 * . f . L 0.000 L062 0.0
16 * . . . + .O”g ghg [t:]‘ = 0.000 060 040
17 * . . . + ‘ - E. R O = - - - g 04,000 2053 0.0
18 * . . YR . S8 8 E N OO - w = 04000 045 040
19 * . . 5e . R om ; " " pt 0.000 +045 3.9
20 * . . 3 + . E% o B ' 04030  ,055 5
2L+ . . e t e 4 - o 7 o~ ~ c g 04000 L073 0.0
22 * . . . N N om . 8 P 1o = = 7 0,000 4085 0.0
23 * . . o, v+ . = 80 g . . olo ~ = o.000 LesL .3

o g g oo s E 5
24 * . N 2. v+ o 2 o e 1L BE S ~vo 0,000 W068° 040
25 * . . = L B . e R e 70,000 066 040
26 * . . . + _— I R o g g ° b 0,000 «656 0.0
27 * . . . + « olo 5 3.7 600 o AR L g R gn.uon 4056 0.0
28 * . . . * ol 5 Hg Do = < g 0.000 2049 040
29 * . . . + « Slo 45 [ = ~ [ I ) 0,000 « 043 0.0
30 * . . I SRS B o = Vv o o 0,000 W049 0.0
3. . . o e . E V&g, e 3 0.000 +043 0.0
10 . . .+ 5 E S OB © I 2 0,000 W04l 040
2 * . . .t . RiE 8ot © o , D 0,000 4038 0.0
3. . . .t . R HL 4o o . I - 04000 041 0.0
N I3 B o

4 * o . . ¥ < W R®\WE g Rz b4 4 0.0080 2040 0,0
5 « . . M . W g -hBo e [N o 0.000 «045 0.0
6 * . . . N 5 Q o+ E% O' g 0.000 e 045 G.0
7 . . . . : - o= . 0,000 2045 0,0
8 * . . . 4 . : & G eg g 04000 040 0.0
9 = . . ot . 9 . Bm|m & 0.000 2036 0.0
1 - . . . ¥ . & B3 04000 W00 040
11 = . . . 4 . =g 0,000 L0640 04D
12 » . . . H . - @ 0.000 e Oel 0.0
13 + . . o e . : . . B . 04009 047 1.8
14 * . . o |* . . . e . . . 04000 - auu7 o8
15 = . . ) . . . . . . . 04000 045 .5
16 * . . « |+ . . v N . . 8,000 $047 0.0
17 * . . . . . . o . ] . 0,000 JO0L9 0.0
18 = . . PO . E . . . . e 0.000 »053 0.0
19 * . . o] . . . . . B . 0.000 2049 0.0
20 * . . . . . . . B . . 0,000 049 0.0
21 . . o) . . . . . . . 0,000 L0647 Qb
2 = . . o e . . . . . . . 04000 347 040
23 = . . N . . . . . . . 0.000 W47 040
24 * . . . e . . . . . . . 0.030 043 040
25 * . . . . . . . . . o 7D.033 040 0.0
26.% . . . . . . . ‘ e 0,000 Wil 040
27 ¢ . . . . . . “e o . . 0,008 040 0.0
28 * . . o . . . . . . . . 0,000 £043 0.0
29 * . . m—t . . . . . . . 8,000 J0ul- 0.0
30 ¢ . . - . . K . . . . 3.600 TS S
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§‘EfI~LOG MEAN DAILY FLOW PLOT(MM) . SOUTH YAMHILL NR WHI . WATER YEAR 1965 *=SIMULATED +=0BSERVED . .
JAN .010 <100 1.000 10.000 100,000 SIM. 08Ss RAIN#MELT

1w . . . . . . + . . . 0,000 7.637 7.9
2. . . . . . . . . . 0,000 9.128 26.9
3. . 2 k g . . B . 0,000 13.701° 9.1
4 -* « = = + N [ w . .+ o . 04000 124346 3.6
5 LN ® Qleg  © ©° 2 e . + . . 0,000 9,956 21.8
6 * o =" [T | [ [ =] . PO . . 0,000 12,G82 11.7
7 * < e v g g rd . .t . . 0,000 12.910 3.3
8 * . S © - = - . + . . 0,000 10.063 .8
g9 * « II—' :DN &m wio o S S"U E . L) . . 0,000 8.017 663

10 * . N DR . + . . . 04080 T7.661 13.7-
11 = on 25 S S8 & Tak % . . . . 0,000 Sewtsd .3

12 % . » ®oo S . + . . 04000 3.601° 43

13 » . " BIE ° a8 2 . LI . . 34000 7.227° &3

14 * oo — & . o . T . . 0,000 €,098. 0490

15 * . ~ , . * . . . 0,000  S5.088. 040

16 = S 2L U . v . . 04000 . 5.495 0.0

17 * . © S =R=R .+ . . . 04000 £4175° 0.0

18 * - P[RR a LA 5 . o® . . . 0,000 o724 0.0

19 * . I 3 - . . . 06000 el 48"

20 % . o L AU o = .+ . . . 04000 =.366 3.6

21 % . O \_Lg NjO N \Iﬂo a th . ¥ o° . . 0,000 Le586° 5.8

22 * . el S R . . 04000 £4119  wel-

23 * NS NS &S . . . +xe . . 0,000 c.79% " 698

24 ¥ .o B ooy O . . . . O + . . 0000 17,446 1.3

25+ . - . . . . e [ . 0,000 21.831 2046

26 * . = | . . . . I, v . 04000 214078 17,0

27 * . o N e . . . g. + . . 0,000 21,455 75,9 .

2e & . o} = . . . . e b 04000 99,496 5141

29 * . g =0 .k . 0,000 52,319 15.0

30 % . g B . . . ot . 04000 35,981 643

31 * . B . . . e . 04000 25,783 0,90

- — ® : - - ; .

FEB-MAR B 5 5 100 1.000 . 000 100.000 SIH.'  ©BS. RA.IN*';ELT
1= . wn w0 R . . . . . + . .« 0,000 194573 .

2 .. . = = o . . . . M . . 0,000 " 13.419 = 0.0

-3 . I 1 % . . . . +, e . 0,000 B8.714 " 1.0
b * . . . ‘. . S . . 0,000 ° 6.361 .3
5 % ole |F B ' . . 0,000 5.571° 32.5

. o fe 0 . . . . . .

6 * . olwe o) 2] . . . . LI . . 0.000 74773 1.8
7. . 0o g' g . . . . . i . 0,000 64399 .3
8+ . %o £ 2 . . o . . . . 0,000 54665 1242

KR . L & N . . . . . . 0.000° 6,436 040
(IR 3 ) . . 04,000 Se046 1.3

ii . . o S 3 . . . - . : . 0.000° 5,025 .3

12 * . R ] o . . . . . . . 0,000 o460 - o8

13 + . g wl= © . . . . . . . 0,000 ~ 4,046 3.0

14 * . ~8 . . p . . . . 0.000° 3.802 8.6 °

15 * . . ® S;‘ . . . . . . . 0.000  3.839 1.5 -

* 2 = ' : % . 0,000 3.500 040

16 . 2 . . . o ! :

17 ¢ . B . . . 79 . . . 5.000 3.181 0.0

18 * . = o . . . + . . . 0.000  2.955 0.0

. N Q . N 0,000 24767 0.0

19 . Fh ) . . . £ 0 D : 3 :

20 * . = ol. . . e . . . 0,000 Z.578 0.0

21 * . g Pl ) . e . . . 0.000  2.eb7 7.1

22 * . . . ol . . Y . . . o1 04000 24635 7.9

23 * . . . ol . . RKf . . . 0.000 2.804 145

24 * . . . 4 I ‘o . ; . e . . 0,000 Z2.503 0.0

25 * . . . . . . . 0.000 24296 0.0

26 * . . . . . . ' . . . 0,000 2+183 2340
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SEMI-LOG MEAN DAILY FLOW PLOT(MM) . 'SOUTH YAMHILL NR WHI WATER YEAR 1963 ‘*=STMULATED _ +=0BSERVED : ] o
AUG-SEP «010 : 2100 1.000 , 10.000 100,000 SIM.  0BSe. RAIN#MELT
1 s . . . .t . . . . . o 0000 s161 0 D.0
{2 . . . - . . . . . ¢ 0.000 o136 0.0
e P S S . - . . . . 0,000 132 0.0
Coke . . . 0,000 «130 0,0
— 5= e . . - ° 0.000 4136 0.0
= . . . O e e e o 5 0.000 ‘e126 0.0
l, - e e . LoNousrwn dO<9e [ us000 113 - 0.6
L3 . . . _ . o o 0.000 «107 0.0
l 9 * . et i . o C — W 0.000 “el11 0,0
10 * . . . ; o © 04000 4109 0.0
LLL s . . T . E COfpromm FRE o 04000 L1098 .5
12 » . ‘ . o . Sowaoomw “F . p N 0.000 W111 0.0
l_13 * . £) . + . i i O o 0.000 #100 - 0.0
T . . . + . ' o B 04000  .105 0.0
A5 e . LI * . g o= B (2] 0,000 4100 - 0.0
16 * . . . ¥ . hrd ; P e & g 8.000 «098 0.0
Az . . . * . Mg e e e e s o B39 ] 1B 0.000 4092 0.0
18 . . . + . Bl ohegyzeeg \E,,?,‘g ® 04000 4,096 2.3
F 19 . . . AT . Bl SR J0o RS e "D o % 0,000 4100 .5
| 20 « . . . + . Bl I~ [ 0.080 1046 4.8
| L S . ot —a : 0 [H. . 0000 117 1,3
22 * . . . . * . = o 19 0,000 © .145 2,0
q_23.e . .. P EE . : 58 8 g 04000 130 7.6
Taw s . . . — . i ° garn - |8 0.000 o165 15,5
.25 % . . . . PN SN I I . 0.000 J224 ‘5
TR . . . . . g° GLhORERESR \E,EE’ -~ 8,000  .288 0.0
1 2L a e A . .. R IR R N S RGN YN g aon Y 0,000 186 0.0
28 * . . . e+ . s 2L I8 0,000 W151 0.0
29 = . . . PR . © g 0.000 #139 0.0
30+ . . . . . i a w12 04000 4126 ° 0.0
3t . . . st . o e oo 0,000 4120 0.0
1. . . . o + . 'o e e e e .OOO Ag '(g ?1- 'g.gﬂﬂ »126 8
L2, % e B SR M W S Y : . <000 +132 0.0
3 . . e .+ . S 22538Re 53% - 04000 «130 0,0
o * . . . . ¥ . ConuN N ~ o 0.000 «120 040
5« o . . o+ . " N 04000 4107 0.0
6 * ’ . e + . O A 04000 - 4104 0.0
7+ . . . + . . . . . 0,000 .09 0.0
8.+ . . . A IS . . . . 0.000 «100 0.0
9 s . . . oo . . . . . - 04000 «09% 1.8
10 * . . . . 2 . . . . . 0.000 092 1.3
11+ . . . . m . . . . « . 0.000 «092 0.0
12 * . . . . 2 . . . . . 0.000 2096 1.8
13 » . . . . oomo . . . . 04000 +102 846
14 % . . o B3N .2 . . . . 0,000 4134 B,
15 ® . . B 7 = TSN - . e . . 04000 ©192 13,3
16 * . . S Mz N o H . . . . . 0.000 2267 3.6
17 » . . . r'ﬂg . 1 g . . . . . 104000 - ,346 1,0
18 * . . o om . . B e . . . . <0000 - -.211 0,0
19 * . . . 2O, | . o . . . . . 04000 . °4166 0.0
20 » . . . . 8 . . . . . 0,000 - .1%3 0.0
21 » . ‘ e . . . s e . 0.000 «136 0,0
22 . . . . ‘ . . . . . 0.000 «128 1340
23 * . . . . 3 . . . . . 04000 «139 040
24 * . . . . . . . . . .

G030 0201 040
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e410
oS4

a9

303

«817
1.07%
1eu60
70453
84055
5.514
neudl
34501
Goalkl
3.877
- 34482
34089
84017
21.643
26514
134437

7.415 7

13061
+5356
2%.735
224019
15.545
11.518

.
69
5¢6

5.

5.3
3.0
43.2
1540
2141
Bat
31.5
33.5
7.6
646
2.3
040 -
0.0
0.0
0.0
0.0

0.0

0.0
0.0
0.0
0.0
1.3
8.0
[ RY]
6.0
0.0
0.0
80"
Q.0
0.0
9.9
17.0
0.0
8ats

2457

746
5143

5.6
1244

2.5

2186
1.0
10,7

2844
47.8
1.5

1.0 -

ko8
5048
8346
114
4eb
.8
i1.9
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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. ' o ‘ '

UPPER ZONE FREE WATER DRAINAGE RATE (UZK)

Interflow;for thekSouth Yamﬁill‘appears tbflastkabout’7;days;
Using N = 7 in the following equation:
(1 - vzr)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. In
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‘wquld 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 0.0l 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
B-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 1007 deficient), the
maximum rate is defined as:

. Maximum rate (1 + ZPERC) * PBASE

90 mm = (1 + ZPERC) * 9.819
4 90 - 9,819 _
ZPERC = S = 817

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

DAILY

1007
 ZPERC = 8
90 1 REXP = 1.80
 PBASE =(.003)(33)+
(o549 (180)
80 - = 9.819 o
RATE = PBASE|IHZPERCIEFR il
TE S LTS sty
= 9.819|1+8(DEF
WITH UPPER ZONE STORAGES
(UZTW AND UZFW)
60, AT MAXIMUM
50
40
-30-
20
101
PBASE
0 T T - T M
100 80 60 40 20 0

LZ SOIL MOISTURE DEFICIENCY IN PERCENT (DEFR)

Figure B-1l,--Percolation representation for South Yamhill,




SOUTH YAMHILL NEAR WHITESONeOREGON

'RUN REGINS OCT 1962 RUN ENDS SEPT 1967

SOIL-MOISTURE ACCOUNTING: PARAMETERS . - - - SOUTH ‘YAMHILL NEAR WHITESON.OREGON -
UeS. NATTONAL WEATHER SERVICE RIVER FORECAST SYSTEM - MANUAL CALIBRATION,PROGRAM
CONTENT AND CAPACITY VALUES ARF IN MM,

UPPER 70ONE AND IMPERVIOUS AREA PARAMETFRS

AREA NO.  AREA T.D. AREA NAME  PX=ADJ PE-ADJ  UZTWM  UZFuM UZK  PCTIM  ADIMP  cARVA
1 14194000 YAMHILL NR  MRP 14000 1.000 35, 25,  .300  .010  .013d  .010
PERCOLATION AND LOWFR ZONE PARAMFTERS
AREA NO.  PBASE  ZPERC ~ REXP  LZTWM L7FSM LZFPM  L7SK  LZPK PFREF  RSERV  SIDE 5
1 9.8 8.0  1.80  140. 180, 33, L0540 .0030 .50 <30 0400 -
PE-ADJUSTMENT OR FT=DEMAND FOR THE 16TH OF EACH MONTH ; =)
AREA NO. 1 2 3 4 5 6 7 8 9 1. 11 12 1.D. OF PE DATA
© 1 ET-DEMANN=-MM/DAY 5 e5 1.0 1.8 2.5 2.8 3.0 3.0 2,8 2.3 2.0 1.0 o
‘ , INITIAL STORAGE CONTENTS
AREA NO.  UZTWC ~ UZFWC LZTWC LZFSC  L7FPC  ADIMC
R 25, - 0. 2%, 0. 0. 25, ‘
SOUTH YAMHILL NFAR WHITESON+OREGON
UsSe NATTONAL WEATHER SERVICE RIVER FORECAST SYSTEM - MANUAL CALIRRATION PROGRAM
FLOW=POINT PARAMETERS
NO. FLOW=POTNT NAMF ARFA-5Q KM K SSOUT 0BSFR COMPAR SIXIN HISTNGRAMS
1 SOUTH YAMHILL NR WHI 130000 3,01  0.00 0 1 9 TIME-DELAY .008 .033 .082 .142 .181 4173 ,116 4081 .057 .044
031 ,023 L0102 ,011
GAGE ARFA 11 11 1 1 1
1 1 1 .

10




MUL.TIYEAR STATISTICAL SUMMARY

FLOWP~INT = SOUTH YAMHILL NR WHI WATER YEARS 1963 T0 1967

BIAS 1ST MOMENT PERCENT BEST FIT LINE
, SIMULATED OBSERVED (SIM MEAN PERCFNT  (SIM)=1ST  MAXIMUM STANDARD STANDARD CORRE{ o OBS = A + R #SIM

MONTH MEAN MEAN  =0BS MEAN) BIAS MOMENT(0BS)  FRROR FRROP FRROR COEFF A R
l..'...................'....’.,....Q.Q",..........Q....'...l...........I...........".....Q..'...O..............'.'...I
OCTOBER 9,186 7.642 1.544 20,711 1,536  ~=14,613 3,975 52,021 .957 +055 _.825
NOVEMBER 56,895 61,096 -4,201 -6.876 -.794 ~156.641 2R.853 47.226 947 -2.234 1.113
DECEMBER 121,384 127,250 -5.866 ~44610 <380 -211.356 45.523 35.774 W962  210.201 1.137
JANUARY 156,830 166,336 -9,506 -5,715 -.678 233,231 509413 30,627 947 -6,176 1.100
FEBRUARY 87,163 78.126 9,037 11.568 1,206 =-155,589 26,791 34,293 ,900 46,835 1,434
MARCH 85,714 80944 4,771 5,894 -.249 =104.397 224398 274670 «960 113,896 1.106
APRIL 47,436 42,682 4,754 11,139 «590 =110.329 144407 33,755 .929 -9.269 1,095
MAY 19,681 19,187 G494 i 2,573 W127 =24.018 64290 33,306 .963 ~1.011 1,026
JUNE 4,306 5,094 -.788  -15.471 ~1,039 7.979 1.232 24,189 $792 3.265 a425
JULY 1,320 2,069 -, 749 =36.183° 066 =2,926 . 749 35,753 . 775 622 1,094
AUGUST .749 1.092 ~o344  =31,445 <491 -2.890 .705 644559 +557 -.261 1,781
SEPTEMBER 4908 14143 =236 -20.597 1.093 1.951 4539 47,155  .684 o466 $T46
..’.....’.....'.!’.'.......‘.....'.l.'..'........‘....l'.'l..."..'.'....'.....O!'.......0.....".‘.,.'s‘.“..’.....0..1’...
WATER YEAR 49,247 49,408 -.160 -.325 27.924 233,231 25,180 50.964 964 -4.185 1,088

20000000000 00000008 00000000000 000000060C000060000000000600000a60000000000CE000O00C0CCOC000000006Ce0o000C080060a00s0e000000000000G0CS.

##NOTEeo ,SUM OF (SIM=0BS)##p =

FLow
INTFRVAL ORSERVED

(=
)

1

w

8

22

50

99

179

304
AROVE

PERCENT

i PERCENT: . MAXIMUM. . STANDARD STANDARD CORRF1 »

MEAN BIAS RTAS ERROP ERROP ERROR COEF+

00 O SON PP OO RPeP00 00000 0000000000 0000%0 5000000000800 00000Vt RNICRCEPIVCCOEIOSEOROOSIOEBPCPOERPOCERIOETYS wruwweoeldlover

« 763 «N23 3.103 1.951 « 200 404583 4009
1.198 ~eR04 =40.170 =2.366 0448 226371 +378
S.613 +181 3.329 11.050 1.317 24,753 484
18,761 3.715 244,692 32.568 24931 19,481 «639
47,867 11.912 33,131 37.841 4,934 13.722 o770
80,758 10923 15.640 58.822 10.878 15,577 o641

© 121,537 -8,463 =-6,510 102.832 18,555 14,273 o44?
18R,286  =36,R37 =16.,363  233.231 3A.966 16,420 «230
306,406 -h4,715 -17.438  =211.356 454433 12,242 o432
570,085 -03.870 -14,138 =-188.418 67.861 10.227 910

00000000 0000000000000000000000c00000000%0 0060000000000 0000 0060000000006 0000000000000000000000000008060000cs%c0ctsscsocssnonsccsy
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ABOVE _
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489
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'NUMBER
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287
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235
277
272
133

€0

33

19
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MEAN

$740
2.002
5,432
154045
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130,000
225,123
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663,954

144,400

136,114
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-5,738

233,231

12574194 e0eeeRNOT MEAN OF SUM OF (SIM=0BS)##2 =
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31.353, 947

264242, 4 %%
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0RS =
A
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1.653
44504
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. =7.058
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B
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MONTH  TOTAL-RO

ocT 56,5
NOvV 202.6
DEC 138,1
JAN 79.8
FEB 168,.8
MAR 144,9
" APR 175.1
MAY 104.7
JUNE 19,1
Jury 5.0
AUG 2.1
SEPT 3.2
TOTAL 1099.9

AREAL WATER YEAR SUMMARY

AREA NUMBER 1

SOIL MOISTURE ACCOUNTING VOLUMES

YAMHILL NR

MBP

UNITS 'ARE MM,

WATER YEAR 1963

IMPV=RO DIRECT=-RO

et et DN} pet bt et [N s
® o 0 e s 0 @

fONWNNVNWO

o o
o IR S W]

L]

1760

MONTH
nCT
NOV
DEC
JAN
FEB
MAR
APR
MAY
JUNF
JULY
AUG
SEPT

BASFFLOW ,
SURF=RO INTERFLOW CHANNEL NON-CHANNE{ RAIN+MELT POTFENTIAL-ET
b 0.0 1641 3R.8 0.0 192,3 72.0
3.1 8043 53.9 6145 0.0 431.5 58.3
«9 0.0 2749 108,3 0.0 123.4 33.2
1.0 8.0 14,7 55.1 0.0 115,.1 17.4
1.6 23.5 42,1 100.0 0.0 174.0 -15.4
2.0 17.9 45,0 7R.1 0.0 227.1 31.9
1.2 0.0 39.8 132.9 0.0 168.1 53.0
oR 00 20.8 82.9 0.0 104.9 T6.7
0.0 0.0 0.0 19.5 0.0 37.8 83.6
00 0.0 0.0 Seb 0.0 34,0 93.2
0.0 0.0 0.0 2e7 0,0 35,1 93.3
o0 0.0 2 3.2 0.0 56.6 82.9
10.9 129.7 260,5 688.7 0.0 1700.0 710.9
SOIL MOISTURE VARIABLFS AT END OF MONTH
UzZTwC UZFWC LZTWC LZFsC LZFPC |_ZDEFR ADIMC RALANCF
172 Do Rb4o 17, 19, «69 115. =.00
3S. 15. 1400 85. 26 .29 173, ~+00
34, 4 140, Y9N 28, 39 173, =00
35. 250 150. 42, 28, 40 174, ~.00
35. 3. 140, 57, 30. 37 175. ~.00
35. 9, 140. 95. 32. 20 174, -.00
32. 00 1380 51. 31. 038 169, -.00
8e 0. 121. 21, 29, «51 128, =+00
20, 0. . R7. Lo 27. «67 106, ’000
Te O AT Te ?40 074 73, "000
17. Ce 45, 0o 22, «8] 62 -+00
19. 40, le 2le «83 61, -.00

O

L7DEFR IS THFE LOWER 7ONE SOIL MOTSTURFE DFFICIENCY RATIO.

ACTUA|-ET
63,0
54.9
32,8
17.3
15.3
31,7
52.4
70.2
60.4
67,2
47.3
57.6

570.2

2=







SEMI-LOG MEAN DAILY FLOW PLOT(MM) SOUTH YAMHILL NR WHI WATER YEAR 1963 .  #=SIMULATED  +=0BSERVED

0CT=-NOV : +010 <100 +00 0.000 100.000 SIM,  0BS. RATINSMELT
1= . . . . ot . . . . . 0.000 #3135 .5
2., =* . . . . ‘. . . . . . «002 250 6,9
3. . . #, . . . . B . . . <029 278 5.6
4 . . . . ® . o . . . . . «040 »335 s5
S . . . ® . . +e . . . . . «013 294 5,3
6 . . . * « . .. . . . . . +017 248 3.0
7. . . . .o o® .. . e . . . 166 © 43,2
8 . . . . B . . rm 7 . . . 1.887 15.0
9 . . . . . . . L . . . 2.770 21,1
10 . . . . . . . ® . . . 3.160 8.4
1 . . . . . . . LI N . . . 2.397 31,5
12 . . . . . . . s . . . 3.510 33,5
13 . . . . . . . . e . . . 4,776 7,6
14 . . . . . . . P . . . 54365 6,6
15 . . . . . . . oet . . . 3.955 2.3
16 . . . . . . . s, . . . 2.921 0.0
17 . . . . . . . . e, . . . 2.402 0,0
18 . . . . . . N . . . 2.183 0.0
19 . . . . . . ) . . . 24050 0,0
20 . . . . . . o &, . . . 1,938 0,0
21 . . . . . . + » . . . . 1.836 0,0
22 . . . . . . +. # . . . . 1.735 0,0
23 . . . . . . . % . . . . 1.642 0.0
24 . . . . . . # . . . . 1.554 0,0
25 . . . . . . . . . . . . 1.470 0.0
26 . . . . . . + . ® . . . » 1.393 1,3
27 . . . . . . . . ® . . . . 1.324 0.0
28 . . . . . . + .8 . . . . 1.248 0,0
29 . . . . . . . o . . . . 1.179 0.0
30 . . . . . . o . . . . 1.115 0.0
31 . . . . . .« e # . . . . 1.055 0,0
1. . . . . . ot i . . . , «999° 0.0
2. . . . . . . @ . . . . +945 0,0
3. . . . . . =, . . . . <894 0,0
4 . . . . . . #, . . . . .852 _9,9
5. . . . . P #,y . . . . +860 17,0
6 . . . . . . we . . . . «889 0,0
7. . . . . B *a, . . . . .778 8,6
8 . . . . . . L3 . . . . .808 2.5
9 . . . . . . o . . . . 1.080 146
10 . . . . . . . e . . . . 1.230 51,3
11, . . . . . . o . . . . 3.722 5,6
12 . N . . . . . N . . 5.150 12,4
13 . . N . N . . I . N . 3,685 2,5
14 . . . . . . . e . . . 24905 _.sR
15 . . . . . . . LS . . . 24179 ?1.6
16 , . . . . . . 2, o+ . . . 2.768 _1,0
17 . . . . . . . s . . . e 3.159 10,7
18, . . . . . N #ee . . . 2.745 .3
19 . . . . . . . . . . . 2.513 28,4
20 . . . . . . . R . . _5.066 47.8
21 . . . . . . . . A . 16.534 1,5
22 . . . . . . . . # . . . 104103 1,0
23 . . . . . . . . @ .. . . 54100 4,8
24 . . . . . . . ® o . . . _3.181 50,8
25 . . . . . . . B o e . . 13.684 89,4
26 . . . . . . . . . . ® . 44,655 .4
27 . . . . . . . . . L . 28.828 446
28 . . . . . . . . P N . 13.457 .8
29 . . . . . . . . L . . 6.793 1.9
30 . . . . . . . . # o . . 5.822 27.4
DEC-JAN «010 <100 1.000 10.000 0 M
1. . . . . . . . LA . . s9
2. . . . . . . N e . . .3
3., . . . . . . . #, . . . 1
4, . . . . . . . #,. . . )
5 . . . . . . . . * 4, . . 6
6 . . . . . . . N #e . . 0
7. . . . . . .. . *e . . . 8
8 . . . . . . . A . . . 3
9 . . . . N . . .o . . . L3
10 . . . . . . . o # . . . 0,0
11 . . . . . . . . n . . . 0.0
12 . . . . . . . ot . . , 4,3
13 . . . . . . . son . . . 1.4
14 . . . . . . . . . N . 6.3
15 . . . . . . . PO A4 . . . 9,7
16 . . . o . . . . O N . . 2.0
17 . . . . . . . o vw . . 0,0
18 . . . . . . . 2 . . . 2,0
19 . . . . . . . otn . . . 3,6
20 . . . N . . . wen N . . 0,0
21 . . . . . . N B3 . . . 0,0
22 . . . . . . . I . . . 34254 3
23 . . . . . . . . s . . . 3.056 0,0
24 . . . . . . . . o, . . . 2.872 0.0
25 . . . . . . . . 2, . . . 2.715 0.0
26 . . . . . . . ., . . . 24571 0,0
27 . . . . . B . .o, . . . 244236 .5
28 , . . . . . . .n, . . . 24311 1.5
29 . . . . . . . L . . . 2.202 12,4
3 . . . . . . . -, . . . 2.426 14,0
31, . . . . . . . ® . . . 3.958 6.3
1. . . . . B . . o . . . 44592 _1,9
2. . . . . . . . #e . . . 44156 12,7
3. . . . . . . . #e . . . 44655 1.0
4 . . . . . . . . He . . . 4.622 0,0
S . . . . . . . ot . . . 3.752 0,0
6 ¢ . . . . . . . . . . 3.112 0,0
7. . . . . . . e . . .. 2.782 0.0
8 . . . . . . . ey . . . 24595 S
9 . . . . . . . LT . . . 24457 3.6
10 . . . . . . . A . . , 24345 0,0
1., . . . . . . &, . . . 2.217 0,0.
12 . . . . . . . 8 . . . . 24091 0.0
13 . . . . . . . LI . . . 1.977 'S
14 . . . . . . . # . . . . 1.877 2,3
15 o . . . ' . . 3 . . . . 1.799 8
16 . . . . B B . e . B . . 1.762 1,3
17 o . . . . . . R . . . , 1.688 1,3
18 . . . . . . . e . . . . 1.634 .5
19 . . . . . . . ¥ . . . . 1.609 0
20 . . . . . . PRI . . . » 1.505 0
21 . . . . . . . e® . . . . 1.396 0
22 . . . . . . o . . . . 1.310 [
23, . . . . . ots . . . . 1.260 0
24 . . . . . o .. . . . 1.176 +3
25 . . . . . . o . . . . 1.118 .3
26 . . . . . . * . . . . 14062

27 . . . . . . ® . . . . 1.008 +3
28 . . . . . . * . . . . 966 7
29 . . . . . . . # . . . . 1.198 0
30 . . . . . . .. ., . . . 1.685 6
31 . . . . . . o* “ . . . 3.318 s
FEB~-MAR «010 +100 1.000 10.000 0

1. . . . . . . . + 8 . .

2. . . . . . . . e . .

3. . . . . . . . . #* e .

4 . . . . . . . . . @ . . 15.0
S . . . . . . . . . + . . 0,0
6 . . . . . - . . *, + - . 4.6
7. . . . . . . . LR . . 0.0
8 . . . . . . . . L . . 3
9 . . . . . . . . Be . . , 0,0
10 . . . . . . . .o N . . 0.0
1, . . . . . . . . . . 0,0
12 . . . . . . . ot . . » 1,8
13, . . . . . . . . . . 4,6
14 . . . . . . e . . . 553
15 . . . . . . . e . . . 3.8
16 . . . . . . . T . . . _1,5
17 ., . . . L. . . . B . 19,6
18 . . . . . . . N . . 8,4
19 . . . . H . . .. . . 6,3
20 , . . . . . . . . . 0,0,
21 . . . o . . . . . . .3
22 . . . . . . . . . . 0,0
23 . . . . . . . . B . 0,0
264 . . . . . . . . . _0,0
25 . . . . . . . . . . 15,0
26 . . . . . N . . . . 3.6
21 . . . . . . . . , 0,0
28 , . . o . . . . . . 4,6
1. . ‘. o . . . . . . Tot
2., . . . . . . . A , 9,7
3. . . . . . . . . 0.0
4 . . . . . . . . . 0,0
S . . . . . . . . . 0,0
6 . . . . . . . . . R 0,0
7. . . . . . . . . . 0,0
8 . . . . . . . . . » 0,0
9 . . . . . . . . . . 0,0
10 . . . . . . . . . . 1,0
1 . . . . . . . . . . 4,8
12 . . . . . . . . . . 0,0
13 . . N N . . . . . . ,8
1% . . . . . . . . . . 8,9
15 . . . . . . . . . s 11,2
16 . . . . . . . . . . 3,0
17° . . . . . . . . . a3
18 , . . . . . . . #, . . , 1,0
19 .. . . . N . . P . . . 0,0
20 . . . . . . . -, . . . 0,0
21 . . . . . . . -, . . . - 3,0
22 . . . . . . . - . . . . _3.6
23 . . . . . N . e, . . . 12,4
264 . . . . . . . .., . . . »5
25 . . . . . . . v B, . . . 641
26 . . . . . . . . B, . . . 15,5
27 . . . . N . . . o» B . . 31,7
28 , . . . . . . . L . , 36,1
29 . . . . . . . . . " . . 37,1
30 . e . . . . . . . * . . 14 25,9
3. . . . . . . . . * e . - 184125 24.278 7.1
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SEMI-LOG MEAN DATLY FLOW PLOT(MM) SOUTH YAMHILL NR WHI WATER YEAR 1964 =SIMULATED £=QB<€RVEU§

0CT-NOV 010 «100 1.000 10,000 100,000 SIM, RATN+MFLT
1. . . . #e . . . . . . «096 9 . 0,0
2. . . . e . . . . . . .092 10,0
3. . . . L0 . o . . . . .089 9 0,0
4, . . . *, . . . . . . «087 3 1,0
5 . . . . . . . . . . #9093 3 2,5
6 . . . . . . N . . . .098 0 1,5
7. . . . . . . . . . .092 26 0,0
8 . . . . . . . . . . .083 0 0,0
9 . . . . . . . . . . +077 26 1,0
10 . . . . . . . . N . 078 19 1.3
1. . . . . . . . . . .078 17 2,5
12 . . . . . . . . . . .090 20 .5
13 . . . . LI . . . . N . .082 16 4,)
14 . . . . ., . . N . . . . <092 a7 1,0 -
15 . . . . &, . . . . . . . .080 &2 1,5
16 . . . . 2, . . N . . . . .076 23 0,0
17 .« . . . d .« ¢ . . . . . » <064 39 0,0
18 . . . . # .o . . . . . . +059 28,3
19 . : N . LI . . . . . . +058 26 0,0
20 . . . . &, . . . . . . . <063 28 _T.4
21 . . . . #* . . . . . . . 101 36 16,5
22 . . . . . o .. . . . . «351 +753 29,5
23 . . . . N . . LN . . . 1.776 2,748 16,0
24 o . . . . B . LI . . . 24426 2,108 19,0
25 . . . . . . . L . . . 2.447 3.6 .
26 . o . . . . . L . . N 2.145 1.3
27 . . . . . . . . . . . 1.529 .5
28 . . . . . * . . . . 1.317 »7
29 . . . . . . .+ ® . . . . 1.576 .3
30 . . . ‘. . . . o® . . . . 1.476 o
3, . . . . . .vo® . . . . 1.726 »0
1. . . . . . P . . . . 1.512 5 5
2. . . . o . R . . . . 1.645 3
3. . . . . . A . . . 2.063 1
4 o . . . . . . . . . . 2339 2
5 . . . . . . . .o . N . 3,453 4
6 . . . . . . . .o . . . 3.063 o1
7. . . . . . . .o . . \ 3.152 1
8 . . . . . . . . LI . . 64197 o1
9 . . . o . . . - s, N . 84302 A
10 . . . . . . . . » . . . 5.667 +0
., . . . N . N . o . . .- 44700 A
12 . N . . . . N oo . . . 3.692

13, . . . . . - #, . . . 2.939

14 . . . . . . . s . . . 3.159

15 , . . . . . . . LR . . 5.723

16 . . N . . N . . e ., N . 70164

17 . . . . . . . . LI . . 6.596

18 . . . . . . . . LIRS . . 6.704

19 . . . . . . . . .., . . 5.947

26 . . . . . . . . LN . . 64355

21 . . . . . . . . .. . . 5.569

22 . . . . . . . - . . . 4,880

23 . . . . . . . . B . . 5.093

24 . . . . . . . . » ., . . 6,555

25 . K . . . . . . LN . . 64559

26 . . . . . . N . e, N . 5.641

27 . . . . . . . . @ . . . 5.113

28 . . . . . . . . o® . . . 5.024

29 . . . . . . . . o® . . .

30 . . . . . . . e . . .

DEC=-JAN 010 +100 1.000 10.000 100.0

1. . . . . . .o . .

2 . . . . . . " . .

3. . . . . . + @ . .

4 . . . . . . . m, . .

5 . . . . . . + H, . .

6 . . . . . . . o . .

7. . . . . . . % . .

8 . . . . . . R . .

9 . . . . . . . + . .

10 . . . . . . .+ ® . .

11 . . . - . . . ¥ . .

12 . . . . . . Al . .

13 ., . . ‘e . . ‘o . .

14 . . . . . . ® . .

15 .« . . . . . + . .

16 . . . . . . B, . .

17 . . . . . . + #, . .

18 . . . - . . ., . .

19 . . . . . . ‘@, . .

20 . . . . . . . . .

21 . . . . . . . * ., .

22 . . . . . . . e . .
23 . . . . . . . e, . 3
24 o . . . . . . #e . . >0l
25 . . . . . . o * e . . [\
26 o . . . . . . L . . .2
27 . . . . . . . L3 . . 7
28 . . . N . . . . . .5
29 . . . . . . . * . . 5
30 . . . . . B . - . . _0.0
31 . . . . . . . e . . 11,4
1. . . - . . . # . . 28,7
2 . . . . . . . e ., . 1,0
3. . . . . . . ® ., . 5,8
4 . . . . . . . 2 . . . 1,5
S . . . . . . . * . . . 27,9
6 . . . . . . . e . 10,125 24,4
7. . . . . . . . W . 16,277 17.503 .5
8. . . o . . . . . 10,665 15.112 _8.6
9 . . . . N . . LI . 7.372 11.028 14,5
16 . . . . . . . Ll . T«633 10.050 6.9
1 . . . . . . N e, . 84160 8,921 0,0
12 . . . . . . . L . 74092 7,377 L3
13 . . . . . . . e, . .

14 . . . . . . . e, . .

15 . . . . N . . e, . .

16 . . . . N . . ae . .

17 . . . . . . . . . .

18 . . . N . . . . . .

19 . . . . . . . . . .

20 & . . . . . . . ® . .

21 . . . . . . . . . .

22 ., . . . . . . . . .

23 . . . . . . . . . .

26 . . . . . . . . .

25 . . . . . . . . -

26 . . . . . . . . . ®e

27 . . . . . . . . .

28 ., . . . . . . . .

29 . . . . . . . = .

30 . . N . . . . . N .

31 . . . . . . . s . .

FEB~MAR 0lo 100 000 10.000 100,10 SIM, OBS. RATNSMFLT
1. . . . . . . . P2 . 94457  8.732 3.6
2. . . . . . . . o, . 9.090 7,509 0,0
3. . . ° . . . . . R, . 7.938 6.267 0,0
4 o . . . . . . . C . 6.852 Se420 1,5
S . . . . . . . « +o® . . 64146 - 4,705 0.0
6 o . . . . . . .+ . . S5.676 44103 0,0
7. . . . . . . . * . . 5.320 3.632 0,0
8 . . . . . . . * i - . - 54017 3.775 0,0
9 . . . . . . . ‘e * . . . 44743 2,936 0,0
10 . . . . . . . v, ® . . . 4,506 2,710 10,9
11 . . . . . . . ‘e ® . . . 4,710 2,976 .3
12 . . . . . . . + . hd . . , 5.078 24675 6,9
13 . . . . . . . .. ® . . . 4,901  2.635 2,0
14 . . . . . . . e @ . . . 5.056 2.541 5.1
15 . . . . . . . e ® . N . 4,931  2.8s1 18,8
16 . . . . . N N R . . 64309 6.3
17 . . . . . . . . v . . 6,918 1.8
18 . . . . . . . P . . 6.186 0,0
19 . . . . . . . . . o . 5,073 0,0,
20 . . . . . . . ot ® . . . 44327 0,0
21 . . . . . . + 8 . . . 3.905 0,0
22 . N . . “ . . ‘o . . . 3.638 0,0
23 . . . . v . . . .® . . . 3.427 0,0
24 . o . . . . . . @ . . . 3,241 0
25 » . . . . . . . ® . . . 3.069 a,
26 . . . . . . . + . . . 2.907 0.0
27 ., . . . . . . + e . - . 24755 4 5
28 . . . . o . . + R, . . . 2.614 ? .23
29 . . . . . . . o+ E . . . 24496 14656 24,6
1, . . ° . ° . L . . . 3.203 2,823 12,4
2. . . . ., . . -+ # . . . 5.698 3.764 Be6
3. . . . . . . N . 64449 44066 8.6
4 . . . . . . . A . 6,001 4,479 21,3
5. . - . . N . . 4., - . 64593  8.074 15,7
6 . . . . . . . . %, . . 4,1
7. . . . . . . . * . . .5
8 . . . . . . . . . . . _9,9
9. . . . . . . . LT . . 1440
10 . . . . . . . . *e . N 15,0
1 . . . . . . . . »s . . 33,8
12 . . . . . . . . B . » 9,9
13 . . . . . . . . . . . 1.0
14 . . . N o . . ", . . 8,6
15, . . . . . . . e . . 2.8
16 . . . . . N . . ae . . .3
177, . . . . . . . s, N . 3,3
18 ., . . . . . . . I3 . . . .8
19 . . . . . . . . aw . . , 0,0
20 . . . . . . . oB . . N 7.6
2l . . . N . . . o on N . . 2,5
22 . . . . . . ot ® . . N 1,8
23 . . . . . . . .o . . . 7.4
24 . N . N . . . @ . . . 0,0
25 , . . . . o . e ® . . . 3,6
26 . . . . . . . ‘o # . . . 3,6
27 . . N . . . . ‘. . . . 0,0
28 . . . . . . +on . . . 0,0
29 . . . . . . . L . . . 0.0
30 . . . . . . . ¢ @ . . . 0,0
31 . . . . B . . o . . . 2.0,

90
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SEMI-LOG MEAN DATLY FLOW PLOT(MM) SOUTH YAMHTLL NR WHI WATER YEAR 1965 #=STMULATED BSERVED .o R
0CT=-NOV . .010 «100 1.000 . 10,000 1004000 SIM,  OBS. RATNSMELT
1. . . . ot . . . . . » 13 _+S
2. . . . LI . . . . . . . 8 1,3
3. . . . ® . * .. . . . . . 5 0,0
4 . . . ot .+ . . . . . . 36 0.0
S . . . d s . . . . . . 1 0,0
6 . . . # + . . . . . . 0.0
7. . . ® *e . . . . . . 6.6
8 . . . ‘e LR . . . . . . 4,3
9, . . . w, + . . . . . . 2,8
10 . . . . e * . D . . . . 23
1, . . R PO . . . . . . 0,0
12 . . . - P . . . . . . 040
13 . . . - . . . . . . . .5
14 o . . o . . . . . . , 3,3
15 . . . . @ . . . . . . . 5.6
16 . . . . =, . . . - . . . 3,3
17 . . . . LN . . . . . . . 0,0
18 . . . . ® . > . . . . . . 0.0
19 . . . ® —_— . . . . . . 0.0
20 . . . ® . . . . . . . . 0,0
21 ., . . . .. N . . . . . 0,0
22 . . . » . B . . . . . 0.0
23 . . . s o . . . . . . 0,0
24 . . ' o . . . . . . 0,0
25 . . . e o . . . . . . 0.0
26 . . . EN o . . . . . . 0,0
27 . . . et o . . . . . . 7.1
28 , . . . LI N . . . . . 0.0
29 . . . . ® .« . . . . . . 6,1
30 . . . . LN . N . . . .
3., . . . # . + . . . . . . a3
1. . . . ® . + . . . . . . 14,7
2. . . . ot . . e . . . . 2,5
3. . . . . ., . . . . . . 20,3
4 o . . . . . . 8 . . . . 13,5
5 . . . . . . +.o® . . . . 0.0
6 . . . . . . . s . . . . 0,0
7. . . . . P . . . . .8
8 . . e . . o L . . . . 2.0
9 . . . . . * LI . . . . 2,8
10 . . . . . . ® . . . . . 11,7
1 ., . . . . o+ LI . . . . 6,1
12 . . . . . . # . . . . 27,2
13 . . . . . ‘. * . . . , 448
14 . . . . . . .. s, . . . 0.0
15 . . . . . . + . # . . . . o3
16 . . . . . .« e o . . . . 0.0
17 . . . . . . ot N . . . . 0,0
18 .. . N . . . * . . . . 0.0
19 . . . . . .t # . . . . 0,0
20 . . . . . o #, . . . . 0.0
21, . . . . + #, . . . . )
22 . . . . . . #, . . . . 16,3
23 . . . . . . o, . . . . 31,7
24 o . . . . . B . . . . . 39,1
25 . . N . . . . . L . . 26,7
26 . . . . . . . . ® ., . . 23.4
27 . . . . . . . . LN . . 15,2
28 . . . . . . . . ) . . 10,7
29 . . . . . . . . - . . . 13,2
30 . . . . . . . . L Y . . 4647
DEC~-JUAN 010 100 1.000 10.000 !0!'.?!00 SIM, _0BS. RAIN#MELT
1, . . . . . . . e, . R 94240 13,248 19,3
2 . . - . . . . . o + . » 10862 17.446 4,8
3. . . . . . . . # . + . . R.40NB  15.72725 5
4 . . - . . . . * + . . 5.908 9,673 8,9
S . . . . . - . . #* . . . . 4,773 64279 0.0
6 . . . . . . . . o® . . , 44,521 4,667 1,0
7. . . . . . . et . . » 3.960 34745 6,1
8, . . . . . . o . . . 3.657 3,398 6,3
9 . . . . . . . o . . . _7.9
10 . . . . . . . e . . . 10,7
1 . . . . . . . .4 ® . . . 6.6
12 . . . . . . . . ew . . . Sel
13 . . . . . . . .« 4w . . . _1,3
14, . . . . . . .o . . . 19,3
15 . . . . . . . . LI . . 649
16 . . . . . . . . LN . » 0,0
17 . . . N . . . . ew . N . 0,0
18 . . . . . . . . 4% . . » 3,6
19 . . . ‘ . . . ote . . . 27,7
20 . . . . . . . .t ® . . . 24,6
21 . . . . . . . . L . , 97,3
22 . . . M . N . . . P— . 93,2
23 . . . . . . B . . . #e 46,0
24 . . . . . . . . . e . 2642
25 . . . . . . . . « L . 13,2
26 . . . . . . . . . LR . 0
27 . . . . . . . . . » + , 3
28 . . . . . . . . . A . » 5
29 . . . . . . . . PO S . 0
30 . . . . . . . . . e . . 4
31 . . M . . . . . o+ . . 8
1. . . . . . . . . . . +9
2. . . . . . . . ror . . .9
3., . N N . . . . . #e . . o1
4 o . . . . . . . . . . 6
5 . . . . . N . . .w . . 8
6. . . . . . . . . . . .7
7. . . . . . . . . ¥ . . 3
8 . . . . . . . . .n . . 8
9. . . . . . . . . @ . . 3
10 . . . . B . . . ., . . .7
11 . . . . . . . . » . . 3
12 . . . N . . . N . . . .3
13 . . . . . . . . LY . » e 3
14 . . . . . . . . PUIN . . 0,0
15 . . . . . . . . [ I . . 0.0
16 . . . . L. . . . = . . . 0,0
17 .o, . . . . . . o em . . . 0,0
18 . . . . . . . . ow . . . 0,0
19 . . . . . . . - . . . .8
20 . . . . . . . . ® . . . 3,6
21, . . . . . B .o . . . 5.8
22 . . . . . . . .« B . . . 441
23 . . . . . . . . L . . 69,6
24 o . . . . . ‘ . . e . 18.3
25 . . . . . . . . . =, . 20,6
26 o . . . . . . . . 8 . ’ 17.0
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APPENDIX D e

LISTING OF THE NWSRFS SOIL MOISTURE ACCOUNTING SUBROUTINE

SUBROUTINE LAND(IDLlsIP1eID2+IP2+4MUSM,ICUUNT, IRG)

C

C

C*»**********»5*4*******************4************ﬁ»n* 340 3 3k o 3 A 3 AR 3 0 3l SN R ok s
C

o ey

C NWSRFS SOIL MOISTURE ACCOUNTING PROCEDURE ‘

E RASED ON S]I MOISTURE ACCUUNTING IN THE SACRAMENTU“MUDEL

G :
C********************************m*¢»¢**¥s*###xo»**n<»*4»m*%*‘*44*#4%a»4%
C

C

E LAND VARIABLES

IREQ% LZTWCoLZFPCoLZFSCoLZTWCLoLZFPCLoLZFSCL,LZTWM .LZFPMoLZFSM LZPK
L]

DIMENSION MOSM(842) «EPDIST(4)
% GENERAL PROGRAM VARIABLES

-

INTEGER RUUTE W SNOWs SNOWA Y YRINGYRL o STURE s YEAR s PLTOHR o SAVEFW, COMPAK 4
LPTEST o PLOTSCTESToSIXINGURSERySTDALSTP6,YR2 s STAT, PEG

c REAL INFRO Sl i
COMMON _/G/ MONTHaMOINsLASToROUTE ¢NGAGES s SNOWy SNOWA(12) , YRIN,HPEGS,
1YRLyNPTSoSTORE2RASTIN(20) 3 YEARGSSF(3412) 4 SUF(3,12) 4 PLTOHR y SAVEFW ,
2C0UMPAR(3) o PTEST PLOTU3) 4 LINEP, INFRO(20) « PLNTMX(3) yCTEST, FSELOW (3),
3PEGI5)a STAT YR24AREA(6) «SIXIN(3) 4 URSER(3),STDA(2,10),5TP612,10)5

c S4TYFARL(3) 4 IPToMETRIC(3)4,NO244NQ6NPTSUP, TO24IN(3) , TU6IN(3)

C  SDIL MOISTURE ACCOUNTING VARTABLES.

c COMMON/SOIL/BALI5) s RLI5,18) aVLI546)4SLI5,10)4E(5,12,31)

C TIME SERIES IDENTIFICATIUNS AND DESCRIPTIONS.

COMMUN /TSID/ AID(5, 3).ANAME(5-5)-PEID(3,3),FPNAMt(jqb)okPIU(j 3),.
1024ID(3+3)+061D(3, 3)9UPFWID(3 3)4PXID(S,3)

E RASIC DATA ARRAYS

COMMON /BD/ PX(544431)4TA(544431),
105FW6(304931)!UFW6(394031)OOF 4(

C
% SNOW AND LAND COMMON BLOCK

CDMMDN/SL/CDVER(5931)'FFC(S).PXADJ(&).NTAG'NWEG
DATA EPDIST/040+90e33+,046740.0/

.—a

Pg ?qjl)qHU(B PN 31).UFW6(314 31)
03

C
(C 3 sk sk 350 30 e 3 3 3 3 34 35 3¢ 3k 3 3k % e 34 oi 3k 3 ok o 3k 3 e 3ok 3 3 3 3 sk ol 3 3 e e e sl Sl sl i S st ofe s sk sl sl sl e ste e s sk o sl sk e sk ok sl sl ook
C Gy
C L
IPRINT=0 SIS
IF((MUNTH.EO.MOSM(ICUUNTvl)).AND.(YEAR EQeMOSM{TICUUNT42)))IPRINT=1
c IF(IPRINT.EQ.0) GO TO 200 :
PRINT 900 sy MONTH ¢ YEAR« {ANAME(CIRG I )% I=1%5) AR e
900 FORMAT(1H1,33HSIX-HOUR SOIL MOISTURE OQUTPUT FORG1XeI2¢1H/41442X45A
¢ 14,20X,39HUNITS OF ALL QUANTITIES ARE MILLIMETERS)
PRINT 902

902 FORMATI(1IH +5Xs19HPERC IS PERCULATIUN,S5Xs31HBASEFW IS THE CHANNEL ¢

10MPONENT 45X 67THTOTAL=-RO IS CHANNFEL INFLOW MINUS ET FROM THE AREA D
¢ 2EFINED BY SARVAL.)
PRINT 901 _

901 FORMAT(1H 2 3HDAY 9 1X 9 2HPD 4 2X 9 SHUZTWC ¢ 2X 9 SHUZFWC s 2X ¢ SHLZTWC 9 2X 4 SHLZF
1SCe2Xe5HLZFPC ¢ 2X e 5HADIMC o4 X ¢ 4HPERC « LX 9 THIMPV=RO42X 4y 6HDIRECT 42X 9 6HS
ZUR“RDQ1Xc7HINTERFWsZX96HBASEFW'1X'8HTUTAL”RDQIXQ7HET"UEMUolXQ6HALT
3-ET+2Xes 9HRAIN+MELT)

o
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OF VARIABLES

VALUES

INTIAL

(G165

I s P~ o P~ o,

COCOEOLL

XX YXXRE
P g g b g 1
e e e NI N
= - el T
>>S>>>>1 )
LTI L T I T R ]
LOOLOLLLO
RIRANMSERZE

LU N o € N I g i

NNNNNONN

To At

[S1S]&]
=22wn
=t
NNN
=
Wi
rod =t gt
[S1SIS)
=zawv
T
NINN
)

()F PARAMETERS

=ADIMC
INTTTAL VALUES

ADIMC1

L 00w

o~ —
s s o () (] D) P~
123/4. P OLCP~E i = G~ = OO
P I O LY. o ar

L~ —

L LCOONT «SCEOOUL » « 20O ¢

YAXY X OXX XXX X EOXTD

e [ L T L RO s e e 1o 4

e ..L.I..LI\L e e g
PPPP(PLPPPPPPLLPPL
T LY [ o = W I T [ T I T MW [ R TR
DT ETACHNTALSTES N >N
COZRHNXAmI>RAIVNY YWioyw
AATFKFXT.IRTFFPSRED
AT SN g Jd 1 d 10 oD

SARVA
O ..O

WATSF
SARRA

GO TO 201

-PCTIM

LE«PCTIM)
M
RVA

ARVA .
F=pCT
A=SAR

[%0)%1'4

IF{
AT
SAR

LZFPM+LZFSM)
IM=-AD IMP

o~

04

WAL o el et
AW Hao
HnNLo<<——C
SR SUNNEAIN T RN [ g
aL>xed
DLl adaOg

o .
N

C

C****************************#*******************************************




BREGINNING OF 6 HOUR AND DAY LUOOP - )
e e o o ok sk 3R oK 3 K e s sk R ok e o s o o sk i R o ok 3 oK 303K 3 3 3 3 i 30 ok o ok 3 ok e 3 3 o 3 3 3 3K 3k S s 3K 8 3 Sk K

205 IF(IP6.NEL.1) GO TO 210
204 IF(IGPE.GT.0) GO TO 206°

NGO PE INPUT, THUS PE IS OBTAIN FROM MEAN SEASONAL CURVE.,

E(IvaMONTHolDA)
GU T0 207

QOO+ OO0

C ;
g DAILY PE TIME SERIES IS AVAILARLE
206 EP=PE(IGPEIDA).
EP=EPXE(IRG, MONTH'IDA)
207 EP=EP*PEADJ
¢ SPET=SPET+EP
IFISNOWsEQel) EP=EFCT*EP+(1.0~EFCT (1 0- CUVER(IRb,IDA))4tP
210 IF((SNOWWFNel) e AND&(SNUWA(MOMTH) WE J 1)) 60 TO 219
PX6 = PX{IRG+IP6L,IDA)I*PPADJ
c GO TO 215
g IF SNOW IS BEING CONSIDERED, PXADJ HAS ALREADY BEEN APPLIED
219 PX6 = PX(IRGsIPHLIDA)
c 215 SPRT=SPRT+PX6"
% PX6 IS THE SIX HOUR RAINFALL UOR. SNOW COVER DUTFLOW :
(e 3k e s e e oo ook e ok Rk % 3k ¥ 3% 3 % 3K % 3 5K 3 3 3 % 36 3% 3 e 3¢ 38 5K 33 3 346 3K 5 3 3 3% 3k 38k s ik s sk ot 3k e 3k e ik ol sk ok e kol ook
C ‘ ‘ .
C ’ . T :
g EDMND IS SIX~HOUWUR EVAPORATION DEMAND
c FDOMND=EPXEPDIST(IP6) o
C.I....ll.l‘.._’.0.0..l....l..il....I..;l.‘.....;;;tc..00.;0...;l..
C

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

o
% RED IS RESIDUAL EVAP DEMAND
UZTWC UZTWC—-E1
E2=0.0
c [F(UZTWC.GE.0.) GO TO 220
% “El GAN NOT EXCEED UZTWC -
E1=F1+UZTWC
UZTWC=0.0 v o
REN=EDMND-E] -
c IF(UZFWCGELRED) GU TO 221
C..’.‘..........,....‘.’....'.k'...'-.k‘k.~..~.........,.'..k."....‘\..'.‘..
g E2 IS EVAP FROM UZFWC.
E2=UZFWC
UZFWC=0.0
REN=REN-E?
c GO TN 225
221 E2=RED
UZFWC=UZFWC-E2

c RED=0.0
r 220 IF((UZTWC/UZTWM) ¢GEW (UZFWC/UZFWM)) GO TO 225
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C..........'..C........................'......I.Q."......‘..I...........
¢
C UPPER ZONE FREE WATER RATIO EXCEEDS UPPER ZON
¢ TENSTON WATER RATIOs THUS TRANSFER FREE WATERETO TENSION
UZRAT=(UZTWCH+UZFWC ) / (UZTWH+UZFWM)
UZTWC=UZ TWMHUZRAT
VZFWC=0ZFWMkUZRAT
COMPUTE ET FROM ADIMP AREA.—E5
225 E5=E1+(RED+E2)*((ADIMC=E1=UZTWC)/(UZTWM+LZTWM) )
COMPUTE ET FROM LZTWC (E3) - : R
F3ZREDH (LZTWC / (UZTWMALZTWM) )
LZTWC=LZTUC~-E3
. IF(LZTWC.GE.0.0) GO TO 226
¢ ‘E3 CAN NOT EXCEED LZTWC
E3=E34+L ZTWC
LZTWC=040
%......‘..........'.....‘.....‘..........'.....;..;.;Q.;;;......“........
226 RATLZT=LZTWC/LZTHM
RATLZ=(LZTWE+LZFPC+LZFSC~ SAVtO)/(LZTWM+LZFPM+LZFSW SAVED)
. CIF(RATLZTWGELRATLZ) GO TO 230 .
C RESUPPLY LOWER ZONF TENSION WATER FROM LOWER
¢ ZONE FREE WATER IF MORE WATER AVAILABLE THERE,
c DEL=(RATLZ=-RATLZT) %L ZTWM
¢ TRANSFER FROM LZFSC TO LZTWC.
LZTWC=LZTwC+DEL
LZFSC=LZFSC-DE
5 TE(LZFSC.BE.0.0) 6O TO 230
¢ IF TRANSFER EXCEEDS LZFSC THEN REMAINDER C)MES FRUM LZFPC
LZFPC=LZFPC+LZFSC
LZFSC=0.0
230 ROIMP=PX6%PCTIM Ry
ROIMP IS RUNOFF EROM THE MINIMUM TMPERV [UUS AR&A.j ‘
SIMPVT=S IMPVT+ROIMP
ADJUST ADIMC,ADDITIONAL IMPERVIOUS AREA STORAGE, FUR EVAPORATIUN.
ADIMC=ADIMC- FS o h B :
. IF(ADIMC.GE.0.0) GO TO 231
E.......‘....‘...........“..............“.....“......‘....;...:'....‘..
¢ FS CAN NOT EXCEED ADIMC.
EB=E5+ADIMC
ADIMC=0.0
231 ES=ESXADIMP
c ; ~ o
¢ FS IS ET FROM THE AREA ADIMP.

PAV=PX6+UZTWC-UZTWM

PAV IS THE PERIOD, AVAILARLE MOISTURE IN EXCESS
OF UZTW REQUIREMENTS,

SO OO
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IF(PAV.GE.0.0) GO TO 232
ALL MOISTURE HELD IN UZTW~-=NO EXCESS.
UZTwC 82Twc+Pxe

Gﬂ TD 233

MOISTURE AVAILABLE IN EXCESS OF UZTW STORAGE.
232 YITHC=UZTHM '
233 ADIMC=ADIMC+PX6-PAV
************m*********************************%‘ "(‘%’n*q 3R NN ek
SRF=0.0
SSUR=040
SIF=0.0
SPERCZ0.0
SDRN=0.0
NINC=140+042%(UZFWC+PAV).
NINC=NUMBER OF TIME INCREMENTS THAT THE SIX
HOUR PERIOD IS DIVIDED INTO FOR FURTHER
SOTL-MOISTURE ACCOUNTING. NO ONE PERIOD
WILL EXCEFD 5.0 MILLIMETERS OF UZFWC+PAV
DINC=(1.0/NINC) %0425
DINC=LENGTH OF EACH INCREMENT IN DAYS.
PINC=PAV/NINC N ' ;
PINC=AMOUNT OF AVAILABLE MUISTURE FOR EACH INCREMENT.
COMPUTFE FREE WATER DEPLETION FRACTIONS FOR
THE TIMF INTERVAL BEING USED=-HKASIC DEPLETIONS
ARE FOR ONE DAY . oo it A
DUZ=140=((1,0=UZK)*%DINC)
DLZP=140-({1+0-LZPK)*%DINC)
DLZS=140=((140-LZSK)*%DINC)
.....‘...........'...“.k.:..k....‘....‘.‘....’.‘.'.‘.;;."‘..k..".‘..."‘
DO 240 I1C=1,NINC
PAV=PINC ‘ '
ADSUR=020
RATIN=(ADIMC-UZTWC) /LZTWM
ADDRO=P INC*(RAT D% %2)
SDRO=SDRO+ADDRO%AD [ Mp
ADDRO IS THE AMOUNT OF DIRECT RUNUEE FROM
THE ARFA ADIMP=SORO IS THE_SIX HOUR SUMMATION
COMPUTE BASEFLOW AND KEEP TRACK OF SIX=HUUR SUM.
BE=LZFPC*DL ZP -
LZFPC=L 7FPC-RF
IF (LZFPC.GT.0.0001) GO TO 234
BE=RF+L ZFPC ‘
LZFPC=0.0
234 SBE=SBF+BF
BF=LZESC*DLZS
LZFSC=LZFSC-BF
IF(LZFSC.GT.0.

0001) GO TO 235

D-5
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BF=RF+LZFSC
LZFSC=0.0

C
235 SBF=SBF+BF
C
g...........‘................'...‘.........‘...‘..‘....'...Q....."'.
¢ COMPUTE PERCOLATION-IF NO WATER AVAILABLE THEN SKIP
C
;i TE((PINCHUZFWC) «GTo0.01) GO TO 251
UZFWC=UZFWC+PINC
. GO TO 249
251 PERCM=LZEPMEDLZPLLZESHEDLZS.
PERC=PERCM%* (UZFWC/UZFWM)
. R T S FERCE ) 2rsch /L zTwms LzEPIeLZESM) )
¢ DEFR IS THE LOWER ZONE MOISTURE DEFICIENCY RATIU“‘
. PERC=PERC*(1.0+ZPERC*(DEFR*%*REXP) )
¢ NOTE.+oPERCOLATION OCCURS FROM UZFWC BEFORE PAV IS ADDED.
é IF(PERC.LT<UZFWC) G TQ 241
¢ PERCOLATION RATE EXCEEDS UZFWC.
PERC=UZFWC
UZFWC=0 .0
¢ GO TO 247 -
¢ PERCOLATION RATE IS LESS THAT UZFWC.
¢ 241 ZFUC=UZFHC=PERC
% CHECK TO SEE. 1F PERCOLATIUN EXCEEDS LOWFR ZONE DEiICIENCY.
. CHECK=LZTWC+LZFPC+LZFSC+PERC-LZTWM=LZFPM=LZFSM

IF(CHECK.LE+0s0) GO TO 242
PERC=PFRC-CHECK
YZFWC=U7ZFWC+CHECK

242 SPERC=SPERC+PERC

C
E SPERC IS THE SIX HOUR SUMMATION. QF. PERC.
go-oo---ooootooono‘-oohcaoacocooooocoooc.ooca-ooooo-og.oooo.n.ooo..
C COMPUTE INTERFL“W AND_KEEP TRACK OF SIX HOUR QUM. ’
DEL=JZFWC*DUZ
SIF=SIF+DEL
c UZFWC=UZFWC~DEL
%oooooo-»oooooo.ooo.o.-c-o.-oocooo-ooooooo.ooooonooooooonoo.ooooooo
C DISTRIRF PERCOLATED WATER INTQ THE LOWER ZONE
g TENSION WATER MUST 3& FILLED FIRST EXCEPT FUR THE PFREE AREA,
247 VPERC=PFERC
¢ PERC=PERC*(1.0-PFREE) - ;
IF((PERCHLZTWC) « GToLZTWM) GO TO 243
LZTWC=LZTWC+PERC
PERC=0.0
c GO TO 244
243 PERC=PERC+LZTWC-LZTWM
c LZTWC=LZTWM
C DISTRIRUTE PERCOLATION IN EXCESS ‘OF TENSION
C REQUIREMENTS AMONG THE FREE WATER STORAGES.
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Pl

244 PERC=PERC+VPERC*PFREE
IE(PERC.FQ.0.0) GO T0O 245
HPL=LZFPM/ (LZFPM+L ZFSM)
HRL IS THE RELATIVE SIZE OF THE PRIMARY STORAGE
AS COMPARED WITH TOTAL LOWER ZONE FREE WATER STORAGE.
RATLP=LZFPC/LZFPM
. RATLS=LZFSC/LZFSM ; |
¢ RATLP AND RATLS ARE CONTENT TO CAPACITY RATIOS. OR
¢ IN OTHER WURDS, THE RELATIVE FULLNESS OF EACH STORAGE
C
, PERCP=PERC*( (HPL¥2 . 0% (1 40— RATLP))/((l 0- RATLP)+(1 0- HATLS)))
¢ PERCS=PERC=-PERCP
C PERCP AND PERCS ARE THE AMOUNT UF THE EXCESS
¢ PERCOLATION GOING T0D PRIMARY AND SUPPLEMENTAL
¢ STORGES +RESPECTIVELY .
. LZFSC=LZFSC+PERCS
, IF(LZFSC.LELLZESM) GO TO 246
PERCS=PERCS-LZFSC+LZFSM
c LZFSC=LZFSM
o 246 LIFPC=LZFPC+(PERC-PERCS)
%.'..............'..............I'....'..........‘..’....k..‘.......'
¢ DISTRIRUTE PAV BETWEEN UZFWC AND SUKFACE RUNOFF.
¢ 245 IF(PAV.F0.0.0) GO TO 249
¢ CHECK IF PAV EXCEEDS UZFWM
. IF((PAV+UZFWC) «GTLUZFWM) GO TO 248
% 'NO SURFACE RUNOFF ‘
UZFWC=UZFWC+PAV
G0 TO 249
c
g.'.....'.,.'.'........................y.......’....‘“Q’.'.'.'y’...'..
¢ COMPUTE SURFACE RUNOFF AND KEEP TRACK OF SIX HOUR SUM
248 PAV=PAV+UZFWC-UZFWM
UZFWC=UZFWM
SSUR=SSUR+PAV*PARE A
; ADSUR=PAVH#(1.0-ADDRO/FING) s ,
C ADSUR IS THE AMOUNT OF SURFACE RUNOFF WHICH GOMES
¢ FROM THAT PORTION OF ADTIMP WHICH 1S5 NOT
¢ CURRENTLY GENERATING DIRECT RUNUFF. ADDRU/PINC
c 1S THE FRACTION OF ADIMP CURRENTLY GENERATING .
% DIRECT RUNOFF.
’ SSUR=SSUR+ADSURXADIMP
249 ADIMC=ADIMC+PINC-ADDRO-ADSUK
240 CONTINUE

$ 0000000000000 0000000080000000000000000sc00ss0oessssosceosnsscossnonoe

END .OF INCREMENTAL DO LOOP. .

**********************************************#*****************
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COMPUTE SUMS AND ADJUST RUNOFF AMUUNTS RY THF AREA DVER
WHICH THEY ARE GENERATED.

FUSED=F1+E2+F3
EUSED IS THE ET FRUM PARFA NHICH IS 1.0 ADIMP= PCTIM
SIF=SIF*PAREA

SEPARATE CHANNEL COMPONENT OF BASEFLUW
FROM THF MNON- CHANNEL CDMPUNtNT

TBF=SRE*PAREA

TBF IS TOTAL BASEFLOW
BECC=TBF*(1.0/(1.0+SIDE))

BECC IS BASEFLOW, CHANNEL COMPONENT
BENCC=TRF-BFCC = o
RENCC IS BASEFLOWeNON=CHANNEL COMPONENT

® 00 0000 000000000000000000000000000000C0000000s00s0000s0s0000000s00csscscecascs

ADD TO MONTHLY SUMS.
SINTFT=SINTFT+SIF

SGWFT=SGWFT+BFCC
SRECHT=SRECHT+RENCC
SROST=SROST+SSUR
SRODT=SRONDT+SDRO-
¢ COMPUTE TOTAL CHANNEL INFLOW FOR THE SIX-HOUR PERIOD.
¢ TCI=ROIMP+SDRO+SSUR+SIF+BFCC ”
¢ COMPUTE E4-ET FROM STREAM SURFACES AND RIPARIAN VEGETATIUN.
. E4=EDMND*WATSF+( EDMND=EUSED ) *SARRA
E SUBTRACT E4 FROM CHANNEL INFLOW
TCI=TCI-F4 o
IF(TCI.GEL0.0) 60 TO 250
F4=E4+TCT ‘ .
) TC12040
¢ COMPUTE TOTAL EVAPOTRANSPIRATION-TET

250 FUSED=EUSED*PAREA
TET=EUSED+ES+E4
SETT=SETT+TET =

C
C . : : : ,
C-..--on.oo...o.o.mooio({oowo..ob.‘ooo‘.?ccouoii;oo.oé(doqidc“ooooo..oa
C RO(IRG.IP6,IDA)Y = TCI
%000-00000000-oo.oo"’.o...oolo0..0..0”0.‘0‘.....".0‘.‘..o-.’o’.’-oo’;ok“oko‘.ooo..o-
é SRNT=SROT+TCI
% PRINT SIX=HOUR ACCOUNTING -VALYES IF -REQUESTED,. -
’ IF(IPRINT.EQel) PRINT 90&.IDA~IP60UZTWC UZFWCaLZT C LZFSC+LZFPC,AD

IIMCvSPFRCqROIMP SDRO¢SSURGSIFWBFCC+TCIsEDMNIZSTET X) :
c 903 FURMAT(IH 9?13.6F7 1v7F8 2»3F8 1) o v

IFC(IDALEQ. lDZ).AND.(IPb EO IPZ)) GU TO 270

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

@}

1P6=1
IDA=1DA+1
, GO TO 205
E RS SRS gy NN B
C***********************************************************************
& : okt fuko X : ‘
g END OF SIX HOUR AND DAY LOOP ; ,
C**********#************************************************************
o
270 IF(IRG.NEJNGAGES) GO TO 271 o
TF((IPRINTeEQel) e ANDs (ICOUNTSLT8)) ICOUNT=ICOUNT#+1
271 IPRINT=0
¢ COMPUTE MONTHLY WATER BALANCE FUR AREAL SUIL MOISTURE ACCOUNTING. -
BAL (IRG)=(UZTWC+UZ FWC+LZTWC+LZFPC+LZFSC JZTWCL1-UZFWC1- LZTwCl LZFPC
c L-LZFSC1)*PAREA+{ADTHC-ADINCT)*ADIMP+SRO THSRECHT+SETT-SPRT
C
C........'..‘........‘..“............r..;..,.......‘...‘..k".‘.'........I.....
SL{IRGs1)=SROT
SLIIRGe2)=SIMPVT
SL(IRGs3)=SRODT
SL(IRGe4)=SRNST
SL(IRGs5)=SINTFT
SL(IRGs6)=SGWFT
SU(IRGe7)=SRECHT
SLIRGe8)=SPRT
SL(IRG+9)=SPET
SL(IRGe10)=SETT
VL{IRGs1)=UZTWC
VL(IRG»2)=UZFWC
VL(IRGs3)=LZTWC
VL(IRG+5)=LZFPC
VL (IRG+4)=LZFSC
. VL IRG,6)=ADIMC
¢
RETURN
C

END
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