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IMPROVEMENT OF HYDROLOGIC SIMULATION BY UTILIZING OBSERVED
DISCHARCE AS AN INDIRECT INPUT

(COMPUTED HYDROGRAPH ADJUSTMENT TECHNIQUE--CHAT)

Walter T. Sittner and Kay M. Krouse
Office of Hydrology
National Weather Service, NOAA

ABSTRACT. A computerized technique is presented
whereby the output of a continuous conceptual hydrologic
model 1s adjusted in real time to agree with the obser-
vations of discharge. Since the discharge generated by
the model in response to a meolsture input 1s dependent
upon the current values of the state variables of the
mcdel, the procedure also adjusts the state variables
to correspond to the output. The technique is appli-
cable to outflow from headwater catchments during
runoff events that result from liquid precipitation.
Its approach is to make adjusiments, iteratively and
simultaneously, to the precipitation and the shape of
the unit graph until the model produces a simulation
that agrees, within reasonable limits, with the
discharge observations. Examples of the performance

of the procedure under a variety of hydrologic condi-
tions are included.

1. INTRODUCTION AND BACKGROUND

River forecasting is a process in which hydrologic models, using
meteorological variables as thelr inputs, are used to compute streamflow
hydrographs for a period into the future. Such a computed hydrograph,
or simulation, 1s continuous from the time the meteorological observa-
tions are made up to, and probably beyond, some critical time in
the future. In flood forecasting that critical time may be the time
of the crest or the time some lesser but significant stage is reached.
During the Iinterim, which may be as short as a few hours, or as long
an several weeks, the forecaster normally has available a number
of observations of the quantity he has computed, stage or discharge.
He has the opportunity to compare the observed quantities with the
values indicated by his simulation at the times the observations
vere made. The comparison almost always discloses differences, some-
times very large ones. The next step in the forecasting process
is to somehow revise, or adjust, the simulation so that it agrees
with the observations, and such an adjustment normally has some effect



on the portion of the simulation that defines the response of the
river during the critical time period in the future. The hydrologic
gimulation, revised on the basis of observed river stage or discharge,
is what constitutes the forecast. Thus, observed river stage is
normally one of the inputs to a forecast, but it is not an input

to the hydrologic model since it has no effect on the output of that
model.

The problem of adjusting computed hydrographs to agree with river
observations has existed ever gince river forecasting activities
began. Prior to the early 1960's, the computations involved in river
forecasting were done manually. The computed hydrograph was normally
displayed as a hand-drawn curve on a sheet of cross-section paper.
The observations were plotted on the same sheet and the adjustment
process consisted of sketching in a revised hydrograph that ceoincided
with the observations. The portion of the revised hydrograph subsequent
to the time of the latest observation was based in part on the computed
graph but could not, of course, be exactly equal to it. While the
making of the adjustment was a very simple procedure, the decision
as to how to make the adjustment was not simple. It was, of necessity,
a highly asubjective process and in cases where the discrepancies
were large, demanded a high degree of skill and judgment froa the
forecaster.

When the practice of having computers perform the mathematical
computations involved in forecasting began, the adjustment problem
became a bit more complicated. There appeared to be two alternatives
available. The first, which has come to be known as "manual" adjust-
ment, consists of the forecaster viewing some sort of machine-produced
display, which shows both the computed hydrograph and the observations,
then making a subjective decision as to how the hydrograph should
be adjusted, and instructing the computer to make such an adjustment,
Thus, with this alternative, the decisions concerning adjustments
are made in precisely the same manner as in a wholly manual operation,
and the only additional programming required is a relatively simple
routine to permit the forecaster to input his adjustment decision
and have it executed.

The second altermative, called "automatic" adjustment, consists
of programming the computer to make the adjustment decisions and
then carry them out. This invelves no human intervention whatsoever.
The question of whether or not a computer can be programmed to satis-
factorily model the human thought process involved in such decisions
is highly debatable and has been debated at length over the years.
Suffice it to say that the adjustment routines that have been devised
and used for this purpose have been, almost without exception, rather
simple "blending"” procedures that gradually merged the partial observed
hydrograph into the computed graph in a pre-determined manner and
without any regard for the conditior that caused them to differ
in the first place.

ln computerizing a river forecast operation, the decision as to
whether to make the adjustments manually or automatically must be
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based on the answers to two questioms. First, can a suitable automatic
technique be devised and programmed; second, should this be done

by computer rather than manually. With the type of hydrologic models
used by the National Weather Service (NWS) prior to the early 1970's
(A.P.I.-type rainfall-runcff analysis), the answer to the first question
was probably "no," thereby rendering the second question superfluous,
If the answer to the first question were in fact "yes," the second
question might be difficult to answer. The making of such decisions
manually Involves rather complex mental processes, but they are not
very time consuming. There is no question that any computerized
forecast operation must be designed in such a way as to permit the
forecaster to monitor various steps in the process rather than simply
observe the fimal result. Such menitoring helps him to assess the
nature of the situation at hand and to interpret the simulations

that the computer produces. Since provision for such monitoring

must be made, there is nc compelling reason not to also provide for
actual intervention by the forecaster at any step in the process,

The adoption by the NWS in 1971 of continuous conceptual hydrolegic
models as the standard for forecasting casts an entirely different
light on this matter. The decision to make the change was based
on a number of factonrs, one of the most important being that che
conceptual models provide an accuracy advantage over the API method.
This advantage, when judged on the basis of statistical error summaries
of long simulations, appears to be slight, Closer examination, however,
reveals that the overall improvement results from vastly better accuracy
being achieved in certain small portions of the simulation. That
is, there are some hydrologic regimes and some types of events ia
which the conceptual models yield errors at least an order of magnitude
smaller than those obtained with “PI., Thus, the adoption of conceptual
models can be expected to make only a small difference in the average
size of the discrepancy between computed and observed streamflow.

The maximum, or extreme discrepancies a forecaster may expect to
encounter, however, should be greatly reduced. Since the making of
hydrograph adjustments is ~ot particularly difficult when the dis-
crepancies are small, the adoption of a model that greatly reduces
the extreme simulation errors also simplifies the adjustment process.
For this reason, it seems logical to conclude that while an acceptable
computerized decision-making algorithm may have been an impossibility
when the raw simulations were being made with an API-type model,

it may well be possible to accomplish this when the adjustments

are to be applied to the output of a conceptual model. Thus, in

the present era of river forecasting, the answer to the first of

the two questions is probably "yes."

In regard to the second question, the picture is also different
since the adjustment of the simulated hydrograph to agree with the
observations 1s no longer the only thing to be accomplished. The
nature of the accuracy advantage achieved with a conceptual model
has been explained. The reascn for it has not, but that reason is
that the conceptual model has a longer "hydrologic memory” than does
the APl system. That is, the state variables involved in an API-
type rainfall-runoff relationship are virtually unaffected by any
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hydrologic activity occurring more than about 1 month prior to the

time in question and so the model cannot duplicate the typ> of event

in which the actual response of the river is affected by occurrences
several months earlier, The conceptual model on the other hand involves
a rather complex soll molsture accounting system, which 15 capable

of reflecting events that took place months or even years earlier.

The Sacramento catchment model contains five state variables that
represent the quantity of water in storage in various parts of the

soll mantle. The discharge generated by the model in response to

a molsture input is dependent upon the current values of these five
variables, If at any time the simulated discharge 1s not in satis-
factory agreement with that being observed, it follows that one or
more of the state variables differ from their true wvalues by an un-
acceptable amount. Because of the model's long memory, this condition
may have a harmful effect on the accuracy of simulation of the next
runoff event and ghould therefore be corrected along with the wodel
output. The conclusion then is that in order to realize the accuracy
of which a conceptual model 1is capable, it i3 necessary to adjust

not only the model output to agree with the observed discharge but

also to adjust the state variables to correspond to the output.

Any procedure that can accomplish this must obviously have a complexity
comparable to that of tke model itself, and it 1s therefore not realistic
to think in terms of execuring the procedure manually. Since the
procedure requires voluminous computations, the answer to the second
question is also in the atiirmative.

What is required then for use with conceptual forecast models is
a computerized procedure that adjusts the state variables of the
model in such a way that they produce a model output that agrees,
within reasonable limits, with the observed discharge. Such a pro-
cedure, called CHAT (Ccinputed Hydrograph Adjustment Technique), 1s
being developed and 1is the subject of tlis technical memorandum,
The two requirements that the procedure must fulfill are: the soil
moisture accounting variables be adjusted along with the output
and the adjusted output be at least as good as that which might be
arrived at subjectively by a gkilled human forecaster.




2. STATUS OF RESEARCH

The adjustment of computed hydrographs under all conditione encoun-
tered in a river forecasting operation requires the capability of
dealing with all of the hydrologic conditions and situations that
occur in a river system. The requirements for the technique as
described im the previous section and the method of approach to be
described in the next section Indicate the definition of four problem
areas and the development of different but similar techniques applicable
to each, These four areas are associated with four phases of research
as follows:

Phase 1. Development of an adjustment technique applicable to
catchment outflow during runoff events resulting from liquid precip-
itation only.

Phase 2., Development of an adjustment technique applicable to
catchment outflow during runoff events in which snowmelt is involved.

Phase 3. Development of an adjustment technique applicable to
catchment outflow during low-water perilods.

Phase 4. Development of an adjustment technique applicable to
points in a river system that are not at the outlets of individual
catchments.

Research work to date has been concerned only with the phase 1
problem, and the method presented in this techmnical memorandum is
intended to be applicable only to the phase 1 problem. In chapter 7,
"Suggestione for Future Research," some thoughts concerning possible
solutions of the phase 2, 3, and 4 problems are presented.

The solution to the phase 1 problem that ia deascribed in subsequent
sections, while not presented as an interim verasion, at the aame
time is not presented as a completely perfected technique either.
The distinction lies in the fact that the authors view this technlque
as workable and ready for immediate operational use (without further
planned research) but with full realization that modifications and
improvements to the procedure will undoubtedly evolve from extended
use in the field.



4. THEORY

When a simulated hydrograph is compared with observed values of
diacharge, the discrepancy noted is the combined effect of four
erroI BOUICeSs:

1. Errors in model input data
2. Errors in model jarameters
3. Errors in model structure

4. Errors in observed discharge

The basic concept of CHAT is that if the true values of the input
data were known and were applied to the model, then the discrepancy
in the output would result only from error types 2, 3, and 4 and
that if this could be accomplished two conditions would then exist,
First, the values of the intermediate state variables would be about
as close to theilr true values as the wodel is capable of making them
and therefore so close thav the potential accuracy of the model could
be realized in the simulation of a future runcff event. Second,
the discrepancy resulting from error types 2, 3, and 4 would be small
enough that it could be either ignored or reconciled by a "blending"
algorithm. These contentions involve the assumptions that the wodel
parameters being used have been carefully determined and are close
to their true values and that the errors In the observed dischaige
are small compared to other errors in the modelling procedure.
The second ceontenticon involves the additional assumption that the
model structure is a good encugh representation of the physical
process that it cannot in itself be responsible for gross errors
in simulated discharge. It was stated in the "Introduction and Back-
ground" section that an automatic adjustment technique for use with
an API forecast model may be an impossibility but could be feasible
when the simulations are made with a conceptual model. That statement
relies heavily on this assumption. An API-type model is capable
of yielding gross errors even with perfect parameters and perfect
data. Hopefully, the conceptual model is not. There is, however,
an exception to this which must be recognized and dealt with, and
that 18 the manner in which the model converts runcff volumes to
the ordinates of a discharge hydrograph. This is accomplished through
the use of a unit hydrograph, which models a nonlinear time variant
process with an algorithm which is both linear and time invariant.
There are available, of course, model modifications that make it
possible to apply a degree of flexibility and nonlinearity to the
response function which the unit hydrograph models, The fact remains,
however, that even if the unit hydrograph, which is a model parameter,
could be evaluated exactly, it would still represent an average runoff
distribution that may differ greatly from the distribution in a specific
event., This Inability of the model to duplicate a hydrograph resulting
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from an unusual runoff distribution is a limitation of the model
structure and can be the source of large discrepancies between the
simulated and true hydrographs., It follows then that in such cases
there must exist a unit hydrograph, somewhat different from the average,
that, 1if used by the model for the specific event, would produce

a simulated hydrograph in close agreement with the observed, CHAT,

as will be shown later, has the capability of detecting such anomalies
and modifying the unit hydrograph accordingly, thus eliminating the
gross discrepancy that would otherwise result.

The approach used to apply this concept is to make adjustments,
iteratively and simultanecusly, tc both the input data and the shape
of the unit hydrograph until the model produces a simulation that
is in satisfactory agreement with the discharge observatioms.
"Satisfactory agreement," in this context, means that the discrepancy
is small enough to be reasonably attributable to error types 2, 3,
and 4 as defined above but not including gross errors resulting from
large differences between the actual runoff distribution and that
assumed by the unit hydrograph. For the phase 1 study, the only
input data types involved are liquid precipitation and potential
evaporation. Since the effect of the errors in evaporatiocn data
during runcff events is thought to be negligible, only the precipitation
is adjusted. It might be noted at this point that the precipitation
input to the model consists of areal means (MAP) rather than point
amounts. These means are normally determined bv analyzing the point
precipitation measuied with rain gages. While sizeable simulation
errnors can be attributed to the precipitation input, they originate
mostly in the conversion of point amounts to areal means rather than
from errors in pcint measurement.

When satisfactory agreement has been achieved by adjusting both
the precipitation and the unit hydrograph, five conditions are assumed
to exist:

1. The adjusted precipitation data are a closer approximation
to the true precipitation than was the original data derived from
rain gage observations.

2, The adjusted unit hydrograph expresses the runoff distribution
of the event more closely than does the average unit hydrograph
derived from historical records,

3. The values of the state variables are closer approximations
to the true values than those that would be generated by applying
the original precipitation data to the model.

4. The agreement between the simulated hydrograph and the observed
discharge is clouse enough that the difference can either be ignored
or resolved by "blending."
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Also, not shown ou the chart is the use of constraints on the
decision variables., If the various parameters used by CHAT are
properly defined and if the input data contain no gross errors in
observation or tramsmission, CHAT should operate quite nicely umcon-
strained, Since these conditiomns cannot be assumed to exist at
all times, however, it is prudent to constrain the variables. In
the great majority of cases, the comstraints are not reached. Their
main functiom is to prevent gross data errors such as mis~-punching
or misplaced decimal points from creating ridiculous results. Ap-
propriate constraints on the warp coefficients depend upon the shape
of the unit hydrograph and the characteristics of the catchment with
regard to typlcal storm movement and areal variation of precipitation.
Values of 0.7 and 1.5, however, for lower and upper constrains om
both warp coefficients are reasomable and should be adequate in the
majority of applications.

For precipitation adjustments, the lower constraint is simply a
multiple of the measured 6-hour value. The upper comstraint can
take either of two forms, a multiple of the measured 6-hour value
or a fixed amount. The cholce between the two forms 1s, in effect,
a user option. Actually, the parameters defining both forms are
gpecified in all cases., The values of these parameters cause the
program to select the form of constraint desired by the user.

That is, 1f it is felt that the precipitation computed from rain
gages must always bear some relationship to the true areal mean,
the user specities an upper constraint ratio such that the constraint
is equal to the product of the ratio and the measured areal precip-
itation. Under some climatic regimes, however, it 1is possible to
experience a rsinfall amount so large as to be totally unrelated
to the mean computed from rain gage readings, In these circumstances,
it is more appropriate to simply constrain the MAP to a "noun-preposter-
ous" value by the use of a fixed upper constraint which is not a
function of the measured precipitation. This constraint should be
a function of the region, of the size of the catchment, and of course,
of duration, which is always 6 hours., If this option is to be exer-
cised, the recommended value is 50 percent of PMP (probable maximum
precipitation).

When the upper constraint is computed as a multiple of the measured
precipitation, a value measured as zero will have upper and lower
constraints of zero and consequently cannot be changed by the adjustment
technique. Since it is quite possible for a 6~hour MAP value to
be computed from rain gage observations as zero when in fact the
true MAP is not zero, it is necessary to place a lower limit om the
upper constraint. The value used for this limit is 20 perceant of
the total accumulated 6-hour precipitation up to and including the
6~hour period in question.







Observed Hydrograph Interpolation

The purpose of this part of CHAT, and of Subroutine INTERP, is
as previously stated: to interpolate between discharge observations
made at random times and produce an array of "observed" discharge
values which coincide in time with the simulated ordinates. This
is accomplished by fitting a segment of the hydrograph between each
palr of successive observations. This segment is defined by a third-
order polynomial which is fit to the observation at each end of the
segment and tc the slope at each end of segment. The slope is defined
prior to the fitting of the polynomial and is equal to the first
derivative of a second-order polynomial which rasses through the
observation in question, the one immediately preceding it, and the
one immediately succeeding it. The slopes at the first and last
observations are speclal cases and are simply the straight line slopes
to the adjacent observatiom.

The segmente combine to form a continuous smooth curve through
all of the observations. Each 6-hour ordinate ie determined by solving
the appropriate third-order polynomial for the discharge at the time
of that ordinate. The technique is similar to the method of splines,
but unlike splines, will not develop unnatural oscillatioms,

The statements in Subroutine INTERF do not, upon cursory inspection,
appear to duplicate the computational procedure described above.
This is because the subroutine contains a number of mathematical
"short-cuts' which greatly increase its efficiency. The results,
however, are 1dentical to those which would be obtained by following
that procedure,

While this algorithm is capable of doing an excellent job of inter-
polating between observations, it cannot create data. The user
must therefore bear in mind that the program must be supplied with
enough observations to actually define the hydrograph. As noted
in the subroutine documentation, the first observation myst always
be at time zero on the simulation scale. Since this time 1s prior
to the beginning of rainfall, the discharge will be the "base" discharge
for the event. There should be at least one observation fairly low
on the rise, 1If there is not, the time of beginning of the rise
is undefined and the interpolated hydrograph may start up too soomn.
It is not particularly important to have an observation exactly at
the peak since INTERP will usually generate a peak between observations
and higher than the highest observation. It is important to supply
the program with the very latest observatiocn available, even 1f it
does not coincide with a 6-hour ordinate, Inclusion of such an ob-
servation not only helps to define the slope of the hydrograph at
the preceding ordinate but also the observation itself will be carried
over to Subroutine OBJEC as TILT and QOLT.
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5. OPERATIONAL USE

The purpose of this chapter is to explain how to implement the
CHAT adjustment procedure in an operational forecast program.
The CHAT package is not an independent procedure but rather consists
of six individual subroutines that must be interfaced with a forecast
program. The CHAT subroutines perform only those operations that
are associated with the function of adjusting the computed hydrograph
to agree with the discharge observations. All other operations
that are necessary to produce a forecast, such as I/0 routines,
MAP computations, rainfall-runoff computations, and runoff distribution,
must be supplied by the forecast program. The manner in which
the CHAT subroutines link with these other operations is described,
as well as the data and parameters that the CHAT procedure requires.
Subroutine listings can be found in Appendix A,

The CHAT procedure utilizes 13 parameters, each of which has
been discussed in previous chapters. Provigsion must be made in
the forecast program files for storage of these parameters. Because
many of them depend upon the hydrologic characteristics of the
catchment and of the gaging station and may therefore vary from
one area to the next, it may be necessary to store a umique set
for each headwater area., Table 5.1 lists these parameters, along
with a brief description of what they are, where they are discuased
in this report, and the values that have been used for them in
the research work., If necessary, the research values can be used
as initial values for most basins until the user acquires a better
understanding of the effects they have on the performance of the
procedure. At that time, however, it would be advantageous to
suitably adjust them to the individual basins in order to obtain
optimal performance from the procedure. Some of the experiences
with parameter values that have been encountered in the research
are described in Chapter 6 and may provide some useful guidelines
for determining parameter values.

In addition to the parameters, CHAT requires the average basin
unit graph to be defined by 2-hour instantaneous ordinates as well
as by the usual 6-hour intervals, and to be placed in array UGI2(107),
for use by the CHAT routines. All 107 values must be defined,
even if zero, and it must begin and end with zero. It 1s necessary
to define the unit graph in this manmer for the computations inside
subroutine WARP, WARP, however, returns only the §-hour ordinates
on the warped unit graph, UG6(36), so that the simulations continue
to be made with a unit graph defined by 6-hour ordinates. Since
adjustments to the unit graph are reflected only in array UG6(36),
the average basin unit graph is always preserved in array UGI2(.107).
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Other than standard input to the forecast, namely MAP computed
from point rainfall amounts, and discharge (stage) observations,
CHAT requires no additional data. However, the CHAT routines are
designed to operate in metric units; thus, the MAP and discharge
observations must be expressed in millimeters (mm) and cubic meters
per second (cms), respectively.

All of the parameters, data, and variables required by the procedure
are passed between the CHAT routines and the forecast program through
the individual subroutine argument lists or by the following four
common blocks:

COMMOR/MATOL/EX1 ,PCENT
COMMON/MAOBJ/EX2
COMMON/BLOT/QBL(53)

COMMON/MASTRA/UGI2 (107) OFB,MAXN, DEL ,WDEL , WHL , WHH,
1 WVL, WVH, ZLOW, HIGH, UCX, TOL,MSG,NJ, SUM, LK ( 53) , UK(53)

These common statements must be inserted in the forecast program
at the proper place; they have already been included in the appro-
priate CHAT subroutines., In addition, the varilable LK must be
specified as type real. Also included in the CHAT routines are

all other necessary common statements that pass variables that

do not appear outisde the CHAT subroutines. The variables in each
of the subroutine argument lists will be described later in this
chapter.

As for dimensions, all variables currently dimensioned for 53
in the subroutine listings can be changed at the user's discretion.
This number is a function of the maximum duration, in intervals
of 6 hours, of runoff events in the user's forecast area. Every
time CHAT 1s used during a runoff event, it operates with the data
and hydrograph from the very beginning of the runoff event up through
forecast time, As CHAT 1s used for forecasts made down through
the recession, it deals with an ever increasing portion of the
runoff event until, at the very end, it is dealing with the entire
runoff event, Thus, the variables in the CHAT procedure, unless
specified otherwise, must be dimensioned for the entire duration
of the runoff event. The current value of 53 is carried over from
the research program, which was dimensioned to handle events that
extended up to a maximm of fifty-three 6~hour periods. The di-
mensions of the simulated and blended discharge arrays, QS and
QBL, must at least extend over the duration of the ruoff event
to satisfy CHAT's requirements. Any additional dimensioning on
these variables will depend upon the design of the forecast program.
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Regardless of the value of NFORC, CHAT always operates from the
beginning of the runoff event. 1Its variables and data are, therefore,
indexed from 1 to NFORC, where the first value is assoclated with
the first 6é-hour period of the event, Any time a simulation is
made, the hydrograph is recompiled from this point. Conseguently.
only one set of carryover values needs to be saved, that being
the values of the soll moisture and channel flow variables going
into the first 6-hour period of the runoff event.

Figure 5.1 illustrates the way in which the CHAT routines link
to the normal forecast operations. The steps shown in the diagram
mist be repeated for each successive 6~hour period that has occurred
since the last forecast. This figure and the concepts discussed
in the last few pages are perhaps better explained through an example.
For instance, in a case in which forecasts are being made daily
at 12Z, four new 6-hour MAP values are available for input to the
forecast each time: the MAP of 18Z on the previous day (herewith
referred to as Day 1), and the MAPs of 00Z, 06Z, and 12Z of the
current day (Day 2). Starting at the top of the diagram, it is
assumed that all preliminary data processing (MAP computations)
has been completed prior to this point. Suppose 18Z is the first
period of a runoff event. NFORC is then set equal to 1 and becomes
associated with the time of 18Z; the values of the solil moisture
and channel flow variables at this time are saved as carryover,
and the program branches to the CHAT procedure.

The first step in the strategy is to call subroutine INTERP,
which interpolates between discharge observations made at random
times and determines the value at each 6-hour ordinate corresponding
to the ordinates of the simulated hydrograph. Three items must
be passed to the subroutine in the argument list:

CALL INTERP(NB,TB,QB)

vhere NB is the number of observations available for input at the
current time NFORC, TB(l) to TB(NB) are the times, in hours, of

the observations, and QB(1l) to QB(NB) are the cbserved discharges

at each of the times in the TB array. TB(l) must be zero or otherwise
it will be set to zero inside the subroutine, and it coincides

with the first 6-hour ordinate on the simulated hydrograph. The
observations must be in chromological order. Even though, at forecast
time, discharge observations may be available up through 12Z, only
observations up to the time of NFORC are passed to the subroutine

for this pass through the strategy. The reason for this is to

prevent discharge observations that occur subsequent to the time

of the latest MAP value that is used in the soil-moisture computations
from being included in the computations of the objective function.
Otherwise, wnjustified changes may be made to the MAP values up
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through the time of NFORC based on the degree of fit with observations
that Include the effects of precipitation that the model has not

yet seen. While observations cannot be used subsequent to NFORC,
they need not necessarily be availlable up to the time of NFORC
either. INTERP computes the quantity NOB, which is the number

of the last 6-hour ordinate prior to, or at the time of, the last
discharge observation, and the objective function is computed only
as far as NOB. Situations will arise where the latest cbservation
was made more than a couple of hours later than time NFORC, but

the last observation prior to that one was made long before time
NFORC. In such a case, the forecaster should estimate the discharge
at time NFORC and include that estimate as the latest observation.
When, one or more periods later, the actual observation can be

used, any such estimates should be deleted from the QB array.

The next step is to make what is termed the "base'" simulation.
This simulation i1s a result of using precipitation values PP(1l)
to PP(NFORC-1), as adjusted during period (NFORC-1) plus the current
computed MAP value, PP(NFORC), and the unit graph ordinates, UG6(36),
as adjusted during period (NFORC-1). If no adjustments have been
made prior to period NFORC, then the PP array contains the original
computed MAP values, and the unit graph, UG6(36), is still the
average basin unit graph. (For this use, the average unit graph
must be defined by 6~hour instantaneocus ordinates whereas for sub-
routine WARP, it has to be defined by 2-hour ordinates - a point
that was discussed earlier in this chapter,)

For the present example, with NFORC equsil to 1 and no adjustments
having been made thus fsr in the event, the computed MAP of 18Z
is put into the PP(l) position and UG6(36) 1is set equal to the
average basin unit graph. If QPF is being used, its N values must
be placed in the PP(NFORC+l) to PP(NFORC+N) positions of the array.
As mentioned earlier, QPF can be used in conjunction with the CHAT
procedure but CHAT will make no adjustments to it. If no QPF is
used, the future precipitation is set equal to zerc. The base sim-
ulation 15 then made by calling subrecutine MODEL, passing to it
these input arrays:

CALL MODEL (PP,UG6,QS)

where PP and UG6 are as defined above and QS is the base simulatien
array that MODEL returns. MODEL is not one of the six CHAT sub-
routines but instead is a subroutine that must be comstructed by
the user for use with his particular forecast program. CHAT passes
the precipitation and unit graph arrays to it, MODEL calls whatever
forecast program modules are necessary to produce a hydrograph

from the respective input arrays, and places the ordinates of this
hydrograph in the array that is accessed by the CHAT procedure.

In this way CHAT remains independent of the particular hydrelogic
model that is used to produce the hydrograph.

47













The output routines of the forecast program are used to display
the CHAT-adjusted hydrograph. The user must program to bring out
wvhatever additional CHAT information he wishes to examine, In
the research work the following displays and information were found
to be useful at each forecast time (which was every 6 hours):

1. "raw" simulation from original data
original precipitatiom data
objective function for raw simulation

2, base simulation
RH and RV for base sinulation
preclpitation for base simulation
objective function for base simulation
tolerance at time NFORC

3. adjusted simulation
adjusted RH and RV values
adjusted precipitation
objective function for adjusted simulation

4, a message based on the value of MSG to indicate which exit
condition from STRAT was used

It is imperative that the forecast program interrogate MSG.
In the case where MSG equals 1 or 3}, CHAT is unable to produce,
by adjustments to the input, a hydrograph that agrees within accept-
able limits with the observations., It may not be desirous to route
this hydrograph downstream, and therefore, some sort of forecaster
intervention must be permitted at this time, Whatever type of
revision is used, the forecaster must refrain from interfering
with CHAT's function--that of adjusting the precipitation. CHAT
presumably has adjusted it in the best manner possible, and the
forecaster should not attempt to change it and re-run the model.
If he chooses to revise the simulation, using any rationale that
seems appropriate, he should revise only the output hydrograph
and not change the state variables of the model.

One more point concerning forecaster intervention should be men-
tioned. The CHAT output is a hydrologic analysis of what has happened
on the catchment as a result of rainfall that has already occurred
rather than what appears is going to happen if the rainfall continues.
If the forecaster thinks that there is going to be more rain, he
should not raise the forecast; he should, instead, enter QFPF in
the PP array and allow CHAT to handle it.
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It 1s hoped that the discussions of this chapter will provide the
necessary guldelines for implementing the CHAT adjustment procedure
in the user's forecast program. Only those specifications that are
crucial to the proper use of the procedure have been provided in

order to allow as much freedom as possible in adapting this procedure
to the user's particular forecast program.
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Each example is accompanied by discussions at each forecast time
of the hydrologic conditions and the subsequent behavior of the
CHAT procedure. The decisions made by CHAT have been analyzed
according to a philosophy in decision-making theory expressed by
Tribus (1969). If any decision involves risk, it is always possible
that a good decision can lead to a bad outcome and that a bad decision
can lead to a good ocutcome. Therefore, it i8 necessary to evaluate
a decision on the basis of whether or not it represents a logical
analysis of the information available to the decision maker at
the time, and not on the outcome of the decision. It is with this
philosophy that the CHAT adjustment procedure must be evaluated.
The ratiocnality of its decisions should be determined by comparing
the CHAT adjustment to what an intelligent and experienced, but
not clairvoyant, forecaster would have done under the same circum-
stances., Verifications of the peaks of the CHAT-adjusted hydrographs
cannot be used as an effective measure until the rainfall for the
runcff event has stopped. If the adjustment results in a good
forecast, so much the better, but this is not the principal criteriem
in judging the performance of the technique. As stated earlier
in Chapter 1, the two requirements the CHAT procedure must fulfill
are that the soll moilsture accounting variables be adjusted along
with the output, and that the adjusted output be at least as good
as that which a skilled human forecaster could produce subjectively.







NFORC 23: The CHAT procedure continues to operate past the peak
and on down the recesslon so that the soill meoilsture
variables will be updated at the end of the rumoff
event, By the end of the event, the total surface run-
off for the raw simulation was 46.1 mm, which CHAT
adjusted downward to 20.7 mm. The actual observed
surface runoff was 22.6 mm.

In summation, early in the rise CHAT over-reacted somewhat in
the early downward revision and had to revise upward in light of
future events. However, CHAT was dealing with an event in which
the raw simulation was predicting a major flood 7 feet above flood
stage. The highest stage reached, in fact, was slightly below
flood stage. CHAT, at all times, produced adjusted hydrographs
which peaked below flood stage, It is felt that a human forecaster
could not have handled this situation in a more apt manner, and
consequently, CHAT has satisfied the requirements that were estab-
lished for the procedure.
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NFORC 12: The simulation now appears to agree more closely because the
observed is finally rising. Even though the results are
good at this time period, CHAT, nevertheless, made a bad
decision at NFORC 11; the agreement was not acceptable and
CHAT should have attempted to improve it.

NFORC 13: The observed is still rising. The adjusted simulation and
the observations are almost identical except for a 6-hour
displacement in time. However, the idea of treating this
example as separate runoff events is still logical,

NFCRC 14: The atage of 6 feet at NFORC 13 was the peak and the
hydrograph is now in recession.

In gsummary, the highest stage reached by this event was 6 feet,
which is 8 feet below flood stage. The rise was insignificant through-
out the entire event, but CHAT was unaware of this and operated
in the same manner as it would have on an event of flood proportions.
During the early part of the second rise, CHAT's decisions were
not good, apparently due to the influence from the first rise.
Therefore, it seems advisable to treat this example as two separate
runoff events,
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the CHAT adjustment strategy is designed to account for the physical
significance of the decision variables, thereby increasing the
likelihood of finding a set of adjusted values that are truly a
closer approximation to the actual precipitation. At the same time,
it can resolve the difference between the simulation and the obser-
vations without unjustified modifications to the future portion

of the hydrograph.

For the most part, the examples are evidence that the CHAT procedure
is behaving in this manner. Adjustments to each precipitation amount
are not fluctutating widely from one forecast time to the next as
they quite possibly would if the procedure were simply curve fitting.
Oftentimes, as in this example, a few adjustments early in the rise
resolve the current disagreement and also produce a future simulation
that agrees with the observations at later forecast times without
further adjustments. This kind of result is possible only if the
adjustments are indeed producing a data set that better represents
the true precipitation.
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Example 5

Example 5 1s s runoff event that, within hours, succeeded hurricane

"Connie" on the Monocacy River on August 17, 1955, as a result of
hurricane "Diane.” The conceptual model performs quite well under

the saturated soil conditioms this situation creates, and, consequently,
the raw fit is fairly good. This example illustrates the performance

of the CHAT procedure when the disagreement between the raw simulation
and the observations is great enough to require adjusting by CHAT,

but the raw fit i1s not totally unacceptable as in the case of Example 1.

NFORC 4-6: It is continually raining during these periods and the
river is rising more quickly than the raw similation
indicates. CHAT revises the hydrograph upward by adding
5 mm of precipitation to the first two periods. At
period 6 the blended hydrograph forecasts a peak just
slightly under a flood stage of 14 feet.

NFORC 7: The precipitation is diminishing and the observations are
beginning to level off. CHAT accepts its base simulation,
which indicates the river will rise for another 6 hours
to a stage of 13.5 feet,

NFORC 8: It is now apparent that the river peaked at the previous
pericd at 13.2 feet, just under flood stage.

NFORC 9: As the forecast time moves into the receassion, the simulation
is adjusted more heavily con the basis of the RMS error.
The adjusted and observed hydrographs are almost idemtical
at this poinrt.

In summary, this rise was an ordinary, uncomplicated runoff event.
In response to continuous rainfall from Diane on already saturated
soll conditions, the river rose quickly to flood propertions and
then receded, The raw simulation was somewhat low and late, but
not totally unacceptable as in the Bird Creek example. CHAT made
the necessary adjustments to reduce the discrepamncies.
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preclude the idea of using a distributed input for events such as
thies one, Although CHAT is not currently designed to operate on

a catchment that has been sub-divided, some thought has been given
to such a modification. Further ideas on this topic are discussed
in Chapter 7 "Suggestions for Future Research™. Wwhen using CHAT

on an event such as this one, where the discrepancy might originate
from the use of a lumped input rather than the data itself, it 1is
concluded that a very close fit should not be forced Ly unrealistic
adjuatments to the input since this may cause harmful effects in
the future portion of the simulation. In spite of a few difficulties
with CHAT's simulations on the rising limb, the procedure still
performed its function of adjusting the volumes by the end of the
runoff event very nicely. Comsequently, the forecaster could have

a fair amount of confidence in the soll moisture variables goling
into the next event.

This example also provided some insight into choosing parameter
values. The research value for EX1 was found to be inappropriate
for slower responding catchments such as the Leaf River near Collins,
and as a result, did not permit the adjustment process to be carried
out far enough during the earlier periods in this rise. This problem
was corrected by decreasing the value of the exponent, thereby tighten-
ing the tolerance at the earlier periods.
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the snow ablation model and suitable adjustments made to the remaining
snow cover., It is likely that changes should be made in the constraints
and In the size of the tolerance.

R-M event:

In this situation, the rain may be falling only on the snow cover
and slightly accelerating the melt proceas, or it may be falling
on bare ground in portions of the catchment. This type of ev:at
typically produces somewhat greater runoff volumes than the pure
melt situation described above. Most of the additional rumoff results
from the rain itself; additional snowmelt caused by heat transfer
from the rain is slight. This alsoc appears to be a case in which
the phase 1 technique is basically applicable but the adjustments
to the input data must be distributed between the rain and the melr,
The development of a rationale for doing this will probably involve
additional research. In addition, such situations typically result
in areal distributions of runoff which differ greatly from those
exhibited by pure rain events. Thus, it may be necessary to widen
the constraints on the unit hydrograph warp coefficients.

R~5-M event:

This is a situation in which snow falls during a portion of the
event a..d then turns to rain; or, parts of the catchment may receive
only rain. There may or may not be a pre—existing snow cover. If
there is no pre-existing cover, the situation is very similar to
the phase 1 problem and the phase 1 solution should be able to handle
it. Sizeable simulation errors may result from incorrect classifi-
cation of precipitation as rain or snow, but the abilitv of CHAT
to shift precipitation input from one period to anmother should make
it capable of dealing with this. If there is a pre-existing cover,
rhe situation is then practically the same as the R-M case discussed
above,

S5=M event:

This situation usually involves a snowfall followed by a warming
trend, It can bc thought of and treated as two events, both of
which have been discussed.

R-S event:

Since melt is not involved in this type of event, it is pretty
well limited to the case in which a storm consists of rain at low
elevations and snow at higher levels, and the portion of the catchment
receiving rain is free of snow cover prior to the event, This then
is the same problem as is encountered in phase 1 when a rainfall
event is highly nonuniform. The only modifications necessary would
be either wider constraints on the warp coefficients or a subdivided
catchment approach. The latter has been alluded to in Chapter 6
and will be explored further in this chapter.
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The above discussions are not intended to imply that the phase 2
technique should consist of five separate procedures corresponding
to the five types of events discussed. The recommendation is that
the research on this phase should investigate the five types indi-
vidually and when an understanding of what is required for each
has been acquired, then it should be possible to combine these into
one procedure capable of handling any event involving snow or snowmelt.
It appears likely that this procedure would be similar to the phase 1
solution, but would involve an interaction with the snow accumulation
and ablation model. The need for a distributed catchment approach
is a strong possibility.

Phase 3
Outflow from Individual Catchments During Low Water Periods

Discussion of the phase 3 problem should probably begin by deiining
what 1is meant by a "low water period." The most direct definition
is that it is any time that a flow regime of the type handled by
the phase 1 solution is not occurring. During the discussien of
the phase 1 problem in previous chapters, the term "runoff evemnt"
was never objectively defined; it was assumed that a forecaster
would know when he was involved in such an event and would then
operate his forecast program in the "CHAT mode" until the end of
the event, This is a valld assumption. At some future time however,
when the combinatirm of techniques, phases 1 and 3, are operating
s0 as to continucusly keep 2 model in line, it will probably be
necessary to have an objective and hydrologicatily based criterion
to indicate when to switch back and forth between the two methods.
Such a criterion would have to be of the "either or" type. That
is, 1if the model is doing certain things, or if the river is doing
certain things, then a runoff event 1is occurring. Perhaps the model
indication woulw be the exceedance of a particular threshold value
of runoff from the upper three components. A suitable threshold
value would have to be determined by study and it may vary regiomally.
The river indication might be an increased flow such that the net
discharge above an estimated base flow corresponds to that threshold
value of upper level runoff. The occurrence of either of these
indications would put the procedure in the phase 1 mode, and it
would remain in that mode up to a point in time equal to the end
of upper level runoff plus the length of the unit hydrograph base.
At all other times, it would be in the phase 3, or low water, mode.

With such a definition, the model input during a low water period
would consist of precipitation and potential evapotranspiration
just as it does in phase 1. In this case. however. it appears that
the principal source of simulation error would be the PE. Errors
in the determination of mean areal rainfall during such a period
would probably not affect the long-term tracking of the model ap-
preciably. Or, if they did, perhaps the slack could be taken up
by the adjusting of the evapotranspiration computations.
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In some applications, the model uses a normal PE curve rather
than actual values and, even when actual values are used, a time-
invariant adjustment curve is involved. Both normal PE and the
adjustment curve are subject to sizeable errors, especilally during
long-term departures from climatic normals. It therefore appears
that the adjustment of model output during low water periods might
best be accomplished by adjusting the observed/computed/normal PE
and/or the adjustment curve. Or, perhaps just the figure representing
catchment demand could be adjusted,

If this approach is used, a questicon which arises is how far back
in time to go. Since the pertinent mechanisms in the model are
slow acting, it may be necessary to iteratively change the input
over an extended period, perhaps thirty days or longer. On the
other hand, since the aijustment procedure will be applied every
day, what is done on any single day may involve only a short period
of input, the earlier periods having been adjusted previously.

This concept is similar to that behind the phase 1 strategy which
operates every six hours and concentrates on the few precipitation
periods which have a substantial effect on the objective function
at that particular time. In any event, adjustment of input could
not go further back in time than the end of the last runoff event.

Whatever perlod is involved, the decision variables, in the case
of PE, might be the only actual daily values. This could present problems
since the serial correlation of such values is high enough that
they should not be conside.ed independent ‘rariables. Also, if the
period being adjusted is iong, their great aumber could make the
process unwleldy. Perhaps some sort of warping operation performed
on the whole series would be preferable,

If the adjustment curve is to be changed, no obvious problem exists
as this is normally defined by just a few points.

The objective function in the phase 3 problem should be based
on daily volumes, perhaps:

£} (Qo-0s) |

where Q0 and QS are the observed and simwlated mean daily discharges
and the summation is made over a period of perhaps the last five
days.

In determining the observed mean dailies, some problems may arise
cue to diversion and regulation. Diversilons not noticeable during
runoff events may involve substantial portions of the flow during
low water periods. Artificial regulation during such periods may
cause the instantaneous flow at the time of an observation to differ
from the mean daily by an order of magnitude. And, since such reg-
ulation often exhibits a diurnal pattern, the differences are not
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always random. These problems, where they exist, must be solved.

To detect, analyze, and treat these matters will involve investigating
aspects of the flow regime in which Weather Service offices have

not traditionally been interested. Nevertheless, if these factors

are ignored or if they are treated by expanding the tolerance to

such magnitudes, any effort to keep the model's moisture accounting

in line will be rendered totally meaningless,

In the case of forecast points subject to excessive regulatiom,
a solution to the problem may lie in the use of the U. S, Geological
Survey's '"Data Relay" system if the gage is part of that system,
The stages at such stations are relayed in real time, via eatellite,
to the U.S5.G.S. computer in Reston, Va. There they are available,
within a few hours, for interrogation by any high-speed terminal,
The frequency of observation is the same as the frequency of om-site
tape punching.

At the present time, less than 300 stations have this capabilitcy,
but the system is expanding and one of the criteria is user need.
Further details may be found in U,S$.G.S. Circular 756, "Collectiom,
Storage, Retrieval and Publication of Water Resources Data."

The tolerance should reflect primarily the accuracy of the low
wvater rating and the effect of both the accuracy and the precision
involved in observing and telemetering stages. The tolerance may
have to be somewhat larger just after runoff events and some sort
of transition from a type 1 tolerance to a type 3 may be needed.

Finally, if the adjustment is to be accomplished solely by manip-
ulating PE input, one cannot exclude from consideration the unhappy
gsituation in which such input has been reduced to zero and the model
still generates too little water. If this happens, and if 1t is
real rather than observational, there are three possible causes.
They are, in order of likelihood:

1. Errore in model parameters, particularly maxiwum storages
and depletion coefficients.

2. A need to adjust precipitation values during the low water
period.

3. Erroneous storages at the end of the last rumoff event; a
deficiency of the phase 1 operation.
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Phase 4
An Adjustment Technique Applicable to Points in a River
System that are not at the Outlets of Individual Catchments

The hydrograph at a downstream point is modelled by the executiom
of one or more catchment analyses and one or more channel routing
operations. The errors in such a simulation reflect the combined effect
of errors in both types of computation. The accuracy of a channel
routing operation is very much higher than that of a catchment model.
Further, it is probably safe to assume, tentatively, that if errors
in the catchment analyses could be eliminated, the residual discrepancy
in the simulation, reflecting only routing errors, would be small
enocugh that it could be reconciled by a blending procedure. It
is therefore recommended that initially no thought be given to making
CHAT type adjustments to the routing operation. Omne possible exception
to the foregolng is the case of channels which involve substantial
bank losses at high flows, Whatever type of model is used to anmalyze
this phenomenon may indeed gemerate large errors and may require
some type of real time adjustment. It should also be noted here
that, with the possible exception of the bank loss problem. channel
routing models do not involve soll moisture accounting and the problem
of correcting soil moisture variables along with the model output
does not exist.

If then the adjustment of hydrographs at downstream points is
to be accomplished by making phase 1 type adjustments to the con-
tributing catchments, phase 4 should consist only of a variation
of the phase 1 solution., If it can be further assumed that all
upstream forecast points have been observed and adjusted, and this
is admittedly a tenusus assumption, then the only catchment which
should be adjusted is the "local" area Immediately above the forecast
point. What 1is inveolved then is basically a phase 1 type operation
in that area, If, due to a poorly operating operational network,
one or more headwater points have not beem observed and adjusted,
they will have to be treated along with the local area., Because
of the time lag in the channel system, and because of the nature
of the phase 1 strategy, such a procedure should be workable even
though the number of decision varlables appears to be large.

For this type of solution it will probably be necessary to make
some changes in the method of computing both the objective functiom
and the tolerance. The development of these was based on concepts
appropriate to catclment simulation. The simulation of a downstream
point may well require the changing of some of those concepts.

For instance, the method of computing the timing weight in phase 1
is based on the assumption that timing errors of less than three
nours should be ignored. In phase 4, where it is desired to ignore
routing errors completely, some other interval based on the accuracy
of the routing procedure may be more appropriate. Further, it may
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be necessary to recognize that the early part of the hydrograph,
which consists primarily of local catchment outflow, may have to
be treated differently than the later part which consists mainly
of routed upstream flow,

This completes the discussion of the phase 2, 3, and 4 problems.
The remainder of this chapter is devoted to possible further work
with phase 1, specifically further testing of the adjusted soil
moisfure varisbles and application to a distributed input catchment
model,

Further Testing of Adjusted Soil Moisture Variables

In Chapter 1 it was explained that CHAT is intended to serve two
purposes; adjustment of the model output, and adjustment of the
soil moisture variables, so as to produce a more accurate simulatiom
of the next runoff event. This latter purpose is also implied by
the title of this report. In the research so far, all of the veri-
fication of CHAT was based on an analysis of the adjusted model
output, and no at.empt was made to determine if the adjustments
actually would improve the model's performance for a period into
the future, Such arn investigation would be a worthwhile research
efforc.

To accomplish this would require the simulation of a long period
of streamflow in two different modes. The first mode would be a
normal simulation in which no adjustment to the model's ocutput is
made. In the second mode, each runcff event would be adjusted using
the CHAT phase 1 technique. The model would then advance to and
through the next event, making a raw simulation. After determining
the error statistics for that simulation, it would back up, re-run
the event making CHAT adjustments, proceed to the next event, and
80 on. The comparison of error statistics would be between thz
simulations made in the first, free-wheeling mode and those resulting
from the raw simulations in the second mode when the soll moisture
variables in the preceding runoff event have been adjusted by CHAT.
The statistics should be based on the error in the total runoff
volume and the analysis should relate the errors to the time which
has elapsed since the last event,

0f the events studied in the research, there was only one which
might have shed some light on this aspect of CHAT's performance
and that was the closely spaced Connie-Diane storms in the Monocacy
basin., Unfortunately, the raw simulation of the Connie event was
quite good and the slight changes made by CHAT during that event
did not produce large changes in the values of the soil moisture
variables at the end. Consequently, the raw simulation of the Diane
storm was about the same whether or not Connie had been adjusted.
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APPENDIX A

SUBROUIINE LISTINGS

Subroutines are available to IBM 360/195 users in the following library:

NWS ,RFS.ARCHIVE.SOURCE (CHATTERP)
NWS .RFS.ARCHIVE . SOURCE (CHATTOLR)
NWS . RFS.ARCHIVE . SOURCE (CHATOBJC)
NWS ,RFS,ARCHIVE, SOURCE (CHATSTRT)
NWS.RFS,ARCHIVE. SOURCE (CHATWARP)

NWS,RFS.ARCHIVE . SOURCE (CHATBLND)
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SUBROUTINE WARP{RH+RV:UGIUGHE)
CR22agda bR RS RN AR RS NRRNSREEBNR RS R NS EEERARRRNR AR NE RS RIRA PSRN SRR PR S
CHRSA SRR R AR SRR RABARBHERASRRNES XSRS XSRS RS RLSRBASHISSTRBRNSn R g s
THIS SUERDUTINE ALTERS&HAgPS! THE UNIT GRAPH
ACCORDING TO THE VALUES ASSIGNED TO THE HORIZONTAL
WARP COEFFICIENT RH AND THE VERTICAL WARP
COEFFICIENT RV

SUBROUTINE INPUT

R - HORIZONTAL WARP COEFFICIENT

Ry - VRN AuaRP RoEFFICIENT

UGI(107) - UNIT GRAPH TQC RE WARPED. ORDINATES EVERY

TUG HOURS+ BEGINNING AND eRBINATET 1 ZERQ.

SUBROUTINE OUTPUT =

UG6(36) « WARPED UNIT GRAPH+ORDINATES SPACED EVERY

6 STR ROURS:s BEGINNING WITH FIRST nou-ﬁgao VALUE s

122 - PASSED BACK TO STRAT WHERE IT IS INTERRO=

K
GATED TQ SEE AiF COMPLEX ROOTS ENCOUNTERED,

Crespdxs b tusn st RS san sl Ra R bR RN SRS SRS RRS AR RRESRE R RSB EEEBRR R EE S
(o FEITT PSRRI RS 2R RR RES 2R 22221222 232222224ttt 2t ad ittt ill i ldt)
C

DIMENSION UG(107) .UGI(107)+Cl106),UGE(36)
COMMON/STWARP/ 122

UGI(1071=0,
DO S0 I=1,4107
50 uG{Ir=usI(l}

COMPUTE RO VOLUME, GRO AND HORIZOUNTAL SHIFT, SHFT,
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SUBROUTINE BLEND!QS)

C‘titt..t‘ttti.t.t‘l'.**t‘ltl“-tt“lt-t#‘itllll.'.“#tt‘.‘t.ltt‘tt‘j‘t!
L II I TSRS TR ER R R RES RS2 R R R R 22 ER 2RI RS AR S R R SRR R 2 L 2] )

[alalpisininislalalslisginlslalsly]

THIS SUBROUTINE HESOLVES THE MINOR REMAINING DIFFERENCE
BETWEEN THE FIMAL ADJUSTLD SIMULATION AND THE OBSERYED
DISCHARGE BY BLENDIN

SUBROUTINE INPUT =
as{53) -

NOB«SOLTPJ

RAY OF ADJUSTED &6=HOUR SIMULATED

THE AR

DESCHARGES .

vQO(N} = AS COMPUTED IN INTERP AND
DEFINED IN OBJEC.

SUBROUTINE QUTPUT =
QBL{33} « THE BLENDED HYDROGRAPKe WHICH IS THE FORECASI

Cr20 g2 ARS8 4R RS RA SR PR SRR R A RNATENEFENR S EER ISR RT R L RS E TR E R R gR
Clt.t‘t‘t‘-ttl't#"“ttlt*t.tt'i“‘#‘tll#‘tt‘lt“titt'*‘**#t't".tt“.t.
c

10

20

30

Bu

.5.

DIMENSION Qi(53)

cOHHON/BLOT/QB {93}
COMPON/ALL/NCB+TILT«QOLT +PJ+HO(53)+Q0ONX
DO 10 K=1l,NOB

RABLL(K)=Q0(K)
NELG=QO0LT~=QS{NOB)=PJe(QAS{NOB*1)=Q5{NCB))
L=NOB+1

M=NLB+6

DO 20 K=L|H
RBLIK)=QS(K)*(DELQ/6,)x{M=K+PJ)

L=NOB+7

00 30 HK=L,53

ABLIK)=QS(K)

RETURN

END

GOVERANMENT PRINTING DFFICE: tg7R-280-087/110

A-20











