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USERS GUIDE FOR DISTRIBUTED ROUTING RAINFALL-RUNOFF MODEL 

By David R. Dawdy, John C. Schaake, Jr., and William M. Alley

ABSTRACT

A computer program of a watershed model for routing urban flood 
discharges through a branched system of pipes or natural channels using 
rainfall as input has been developed and documented. The model combines 
soil-moisture-accounting and rainfall-excess components developed by 
Dawdy and others (1972) with the kinematic-wave routing method presented 
by Leclerc and Schaake (1973).

INTRODUCTION

The model presented here combines the soil-moisture-accounting and 
rainfall-excess components of the model developed by Dawdy and others 
(1972) with the kinematic-wave routing components of the model developed 
by Leclerc and Schaake (1973). Input to the model includes daily rainfall, 
unit rainfall (any multiple of 5 minutes), and daily pan evaporation. 
During unit-rainfall days, the model generates a simulated discharge 
hydrograph based on input data from as many as three rain gages, and a 
physical definition of the drainage basin discretized into as many as 50 
segments, including overland flow, channel and reservoir segments.!/. 
The model maintains a daily soil-moisture accounting between unit- 
rainfall days.

The model uses a deterministic mathematical approach, which includes, 
as much as possible, approximations to physical laws. Wherever possible, 
a physical interpretation is placed upon the parameters used in the 
model. A particular effort was made to use model parameters which can 
be estimated on the basis of physical features alone.

STRUCTURE OF THE MODEL

The model described in this report can be divided into four major 
components: a soil-moisture-accounting component, a rainfall-excess 
component, a routing component, and an optimization component.

  If one description fits more than one segment, then there can be 
more than 50 segments.



Soil-Moisture-Accounting Component

The soil-moisture-accountinq component determines the effect of 
antecedent conditions on infiltration. Soil moisture is modeled as a 
two-layered system, one representing the antecedent base-moisture storage 
(BMS)2/, and the other, the upper wetted part caused by infiltration 
into a saturated moisture storage (SMS).

During unit-rainfall days, moisture is added to SMS based on the 
Philip infiltration equation (Philip, 1954). On other days, a specified 
proportion of daily rainfall (RR) infiltrates into the soil. Irrigation 
(for example, lawn watering) can be accounted for in the daily water 
balance. This is achieved through user-supplied irrigation rates for 
each month. If a daily precipitation is less than the daily irrigation 
rate, the daily precipitation is reset equal to the irrigation rate.

Evapotranspiration takes place from SMS, based on availability, 
otherwise from BMS, with the rate determined from pan evaporation multi 
plied by a pan coefficient (EVC). Moisture in SMS drains into BMS with 
a controlling parameter (DRN) determining the rate. Storage in BMS has 
a maximum value (BMSN) equivalent to the field-capacity moisture storage 
of an active soil zone. Zero storage in BMS is assumed to correspond to 
wilting-point conditions in the active soil zone. When storage in BMS 
exceeds BMSN, the excess is spilled to deeper storage. These spills 
could be the basis for routing interflow and baseflow components, if 
desired. However, this option is not included in the present version of 
the model. A schematic flow chart of the soil-moisture-accounting 
component is shown in figure 1.

Rainfall-Excess Component 

Impervious Surfaces

Two types of impervious surfaces are considered by the model. The 
first type, effective impervious surfaces, are those impervious areas 
which are directly connected to the channel drainage system, such as 
streets and roofs which drain onto driveways and streets. The second 
type, noneffective impervious surfaces, are those impervious areas which 
drain to pervious areas. An example of a noneffective impervious area 
is a roof which drains onto a lawn.

The only abstraction from rainfall on effective impervious areas is 
impervious retention. This retention, which is user specified, must be 
filled before runoff from effective impervious areas can occur. Evapo 
ration occurs from impervious retention during periods of no rainfall.

2/
  Definitions of selected model variables can be found in

attachment B.
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Rain falling on noneffective impervious areas is assumed to run off 
onto the surrounding pervious area. The model assumes that this occurs 
instantaneously and that the volume of runoff is uniformly distributed 
over the contributing pervious area. This volume expressed as inches 
over the pervious area is added to the rain falling on the pervious 
areas prior to computation of pervious-area rainfall excess.

Pervious Surfaces

The point-potential infiltration (FR) is computed by a variation of 
the Green-Ampt equation (Green and Ampt, 1911) known as the Philip 
equation (Philip, 1954): The Philip equation is

FR = KSAT (I + PS/5MS) (1)

where KSAT is the effective saturated soil capillary conductivity and PS is the 
capillary potential at the wettinq front. PS is varied over the range from 
field capacity to wilting point by the linear function

PS = PSP [RGF - (RGF - I) BMS/BMSN] (2)

where PSP is the suction at the wetting front at field capacity, RGF is 
the ratio of suction at wilting point to that at field capacity, and BMSN 
is the effective soil-moisture storage at field capacity (fig. 2).

Point-potential infiltration (FR) computed by the Philip equation is 
converted to effective infiltration over the basin using a scheme first 
presented by Crawford and Linsley (1966). Letting SR represent the supply 
rate of rainfall for infiltration, and OR represent the rate of generation 
of rainfall excess, the equations are

QR = SR /2FR SR < FR (3a) 

QR = SR - (FR/2) SR > FR (3b)

The schematic representation of the relations is shown in figure 3. The 
parameters for soil-moisture accounting and infiltration are summarized in 
table 1. Two different soil types can be handled by the model with separate 
soil-moisture accounting and infiltration parameters for each soil type.

Routing Component

A drainage basin is represented in this model as a set of segments 
which jointly describe all sub-basins in the total basin. There are 
four basic types of segments: overland-flow segments, channel segments, 
reservoir segments and nodal segments. There is wide flexibility to the 
approach one can take in dividing a basin into segments for runoff 
computations. At present, it remains largely an art to characterize the 
total basin in terms of a number of segments which account for the 
essential basin properties. An example of basin segmentation is illustrated 
in attachment E.
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Table 1. Parameters for soil-moisture accounting and infiltration

Soil-Moisture Accounting

Parameters:

DRN--A constant drainage rate for redistribution of soil moisture

between SMS and BMS, in inches per day 

EVC--A pan coefficient for converting measured pan evaporation to

potential evapotranspiration 

RR The proportion of daily rainfall that infiltrates into the

soil for the period of simulation excluding unit-rainfall days 

BMSN Soil-moisture storage at field capacity, in inches

Infiltration

Parameters:

KSAT--The effective saturated value of hydraulic conductivity, in

inches per hour 

RGF--Ratio of suction at the wetting front for soil moisture at

wilting point to that at field capacity

PSP--Suction at wetted front for soil moisture at field capacity, 

in inches of pressure



Channel and Overland-Flow Segments

A channel segment is permitted to receive upstream inflow from as 
many as three other segments, including combinations of other channel 
segments, reservoir segments, and nodal segments. It also may receive 
lateral inflow from as many as four overland-flow segments. The overland- 
flow segments receive uniformly distributed lateral inflow from excess 
precipitation. A schematic illustrating the relationships between 
channel and overland-flow segments is shown in figure 4.

Kinematic-wave theory is applied for both overland-flow and channel 
routing. The kinematic-wave equations are difficult to solve analytically. 
For practical catchment configurations and natural storms, the analytical 
solutions are untractable; therefore, numerical solutions must be used. 
One approach is to solve a finite-difference equation which converges to 
the differential equation as the step size decreases. That approach has 
been taken here. The finite-difference scheme used (Leclerc and Schaake, 
1973) is unconditionally stable for any values of Ax and At.

The Kinematic-Wave Equations

The partial differential equation to be solved for each channel and 
overland-flow segment is

8A 3£> , ,at + a! ' q (4)

in which A is the area of flow, Q is the rate of flow, q is the rate of 
lateral inflow, t denotes time, and x denotes distance along the segment 
increasing in the downstream direction. The dependent variables are A 
and Q, and these are functions of the two independent variables x and t.

The rate of lateral inflow, q, is generally a function of both x and 
t, and it serves as an input function, or "forcing function", of the 
differential equation. In this model the value of q for any particular 
segment is the same everywhere along the length of that segment, so in this 
case, g is a function of t but not of x.

The relationship between A and Q is given as

Q = <*Am . (5)

If the length of the segment is L, the outflow hydrograph from the seg 
ment is Q(Lft). The inflow hydrograph to the upstream end of the segment 
is Q(0,t), and this is the boundary condition needed to solve equation 5. 
In the case where there is an upstream inflow, the solution will also 
depend on that inflow. Therefore, the solution must be some function of 
x, t, q, and Q(Q,t). The outflow hydrograph is given by

Q(L,t) = f(Q(0,t), q(t)] (6)
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The Finite-Difference Scheme

Because Q(0,t) and g(t) are difficult to manage by analytical methods, 
numerical techniques are used to approximate Q(x,t) at discrete locations 
in the x-t plane. In this case, a rectangular grid of points was selected. 
These are spaced at intervals of time, At; and distance, Ax. The value of 
Ax varies from segment to segment, but the value of At is constant for all 
segments.

Four points of a finite-difference mesh are illustrated in figure 5. 
The purpose of the finite-difference equations is to solve for A and Q at 
point d, given values of A and Q at points a, b, and c.

In an attempt to keep the solution errors small while maintaining 
an unconditionally stable solution, the model contains two different finite- 
difference equations and selects the appropriate one at each point in the 
solution. The decision depends on the parameter

Q At Qb m-l/At\ ,_. 9 = m     = amfl [  ) (7) 
Ax A, \Ax/ b

If 9 is greater than or equal to unity, the equations used are

Q , = Q + gAx - ~ (A - A ) (8) 
d c * At c a

and

1 /m
(9)

This involves only mesh points a, c, and d. It was derived by substi 
tuting (A - A )/At for 3A/3t and (Q^ - Q )/Ax for 

c a d c

If 8 is less than unity, the equations used are

and

Q, - &A. (11) 
d d

Equations 8 to 11 are solved by the model beginning with x = Ax 
and proceeding downstream to x = L. Initial values of A and Q are 
given along the entire x - axis. At t - 0, the model sets A = 0 and 
0=0 everywhere. During the solution, upstream inflows are given and 
equation 5 is used to compute the upstream boundary condition for A.
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One of the computational problems often encountered in finite- 
difference approximation is failure to conserve volume. Indeed, there 
are certain finite-difference approximations of the kinematic-wave 
equations that lose water during the solution. It can be proved for the 
special linear case, when m = I, that equations 8 to 11 will conserve 
volume. Computational experience for m > 1 also gives empirical evidence 
that volume is conserved.

Selecting Ax and At

There is obviously no "best" way to select Ax and At. One approach 
would be to choose At first and then fix Ax to keep computational errors 
within acceptable bounds.

Two factors are important for At. One is the frequency of the 
rainfall input to the catchment. The other is the frequency response 
characteristics of the catchment. If the rainfall input contains many high 
frequency components, the runoff hydrograph will contain frequency components 
limited by the high frequency response characteristics of the catchment. A 
convenient rule of thumb in unit-hydrograph theory is to select At so there 
are about 10 nonzero ordinates. This appears to be a reasonable value to 
use in the kinematic-wave model also. Applying this rule to a basin having: 
a typical overland-flow length equal to L , overland-flow kinematic-wave 
parameters a and m , a main channel length equal to L , and channel flowo oparameters a and m gives the rule 

c c

where

t = 
o

At«0.1 (t + t ) 
o c

m -1
a (i /43200; ° 
o e

l/m

(12)

(13)

t = 
c

a (Ni L /43200) c e o

m -1 c

l/m

(14)

i = maximum rainfall intensity, and

N - number of sides of channel with overland-flow 
segments contributing lateral inflow (1 or 2).

The units are t (seconds), L and L (feet), and i (inches per hour).
o c e

After a value of At is selected, choose Ax for each
segment. This is done by specifying the number, NDX, of Ax increments 
in each segment. The value of NDX may vary from segment to segment.

11



The finite-difference solution will be an exact solution if Ax and 
At are selected so that the characteristic passing through point a also 
passes through point d (fig. 5). Then, the solution A , Q depends only 
on A f Q and the lateral inflow along the characteristic curve between 
a and d. In the special linear case where m = 1, it is possible to achieve 
the exact solution by setting the ratio Ax/At equal to a. In the general, 
nonlinear case the ratio Ax/At would need to be equal to a* where

. , m- 1 /T c\ a* = amA (15)

Hence, the rule is

Ax ?s> a*At (16)

The parameter a* is the effective value of a that would be used for a 
linear approximation (ra =1) to a given kinematic-flow segment. For 
overland flow

(17)

and for channel flow

t
o

L
~ (is)
t 
c

Thus,
L

Ax *&   At (19) 
o t o

L
Ax C^   At (20) 

c t c

Finally, r f

NDX = -£-»-- (21)
o Ax At o

L t
NDX = T^-^rr (22)

c Ax At c

In general, the smallest subarea of interest and the highest intensity 
rainfall should be used to estimate At. If detailed output from the basin 
outlet is all that is required, the At computed as above may be based on 
the entire channel length through the basin and average basin overland- 
flow length.

Example to select At and Ax

Given the example shown in figure 4,

12



L = 30 feet L = 315 feet 
o c

a » 7.8 m = 1.67 
o o

a « 2.0 m = 1.33c c

i =2 inches per hour and N = 2.

Substituting in equations 13 and 14
1/1.67"1

' 67J
t =             I =123 seconds 

° I 7.8(2/43200)

.[315________1
L2[(2) (2) (30)/43200]' 33J

1/1.33

= 193 seconds

Then from equation 12

At at 0.1(123 + 193) = 31.6 seconds 

Let,

At = 30 seconds =0.5 minutes 

Then,

NDX S* 193/30 =6.4, say 7 

NDX « 123/30 = 4.1, say 4.

Estimation of Parameters a and m

The kinematic-wave model contains two parameters, a and m. These 
parameters have no particular physical significance, directly, but they can 
be determined by analysis of the physical characteristics of the basin 
segments. The particular functional relationships of a and m for channel 
and overland-flow segments are listed in table 2.

Special Notes on Circular Pipes

The exact relation between A and Q for circular pipes, assuming the 
kinematic-wave theory is valid, does not follow the simple algebraic 
relation (5) with constant values of a and m. Rather, these parameters 
are, in fact, functions of A. However, this exact relation may be approxi 
mated by (5) with values of a and m selected to give a "good fit."

The approximation selected for this model was derived by first recog 
nizing that the dimensionless relation between flow area and flow rate was 
nearly linear. Let QFULL be the flow rate when the pipe is flowing full.

13
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Let AMAX be the cross-sectional area of the pipe. The approximation is then

0 *\j ^ 
QFULL AMAX

Assuming an equality relation, and rearranging (23), gives

so that the parameters are

n QFULL _ ,  . 
0 = A (24)

QFULL , . 
a = ? (25) 

AMAX

m = 1 (26) 

The relation between these two curves is illustrated in figure 6.

The capacity of rectangular-conduit and circular-pipe segments is 
limited to nonpressurized-flow capacity. If that capacity is exceeded 
during a storm, provision is made to store the water arriving at the 
upstream end of the segment in excess of the segment capacity. The 
volume stored increases without upper limit as long as the upstream 
inflow exceeds segment capacity. After the upstream inflow drops below 
segment capacity, the volume stored is released to the segment. The 
upstream inflow to the segment remains at the maximum capacity until the 
water stored at the upper end of that segment has been released. In the 
real world, the capacity of a sewer may be controlled by inlets which 
restrict flow in the sewer to less than full-pipe flow. A second possibility 
is that a sewer may flow under pressure, thus having more capacity than 
predicted using kinematic-wave theory. A third possibility is that once 
a sewer is flowing full, additional inflow to the sewer is transferred 
to streets parallel to the sewer system. These situations can, at 
times, be approximated by adjusting the size of the circular segment 
appropriately. A modified-Puls reservoir segment, described in the next 
section, can be used to simulate culverts which detain water due to 
limited capacity and for which outflows are uniquely described as a 
single-valued function of storage behind the culvert. More complex 
situations may call for revision of the model.

Reservoir Segments

Provision is made in the model for two types of reservoir routing. 
The first type is linear-storage routing in which outflow is a linear 
relation of storage. The user specifies a value of K for the relationship

5 = KO (27) 

where,

5 = storage, and 
O - outflow.

15
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A second type of reservoir routing is modified^Puls routing (Soil 
Conservation Service, 1972) based on the continuity equation

O = I - (28)

where,

O = average outflow during the time interval At,
I = average inflow during the time interval At, and
AS = the change in storage during the time interval At,

Equation 28 can be rearranged to

XAT - °'l (29>

At the beginning of a routing period, all terms on the right-hand side 
are known. From a user-specified table of storage versus outflow, a

/2S \table of outflow versus I    ± Oj is determined by the model. Entering

this table with the value of(-r - + 0 } computed using equation 29, 
outflow (o_) at the end of the routing period (At) can be determined.

An assumption of the above procedure is that the water surface in 
the reservoir is level and responds instantaneously to inflows and (or) 
outflows. The reservoirs are also assumed to be detention reservoirs 
with no storage in the reservoir at the start of a storm unless the 
storm immediately follows a previous storm. Direct rainfall on the 
storage surface, evaporation, bank storage, and leakage are not accounted 
for by the model.

Nodal Segments

Two types of nodal segments are used by the model. The first type 
is a junction segment. Junction segments are used when more than three 
segments contribute inflow to the upstream end of a segment. A second 
type of nodal segment is an input-hydrograph point where the user may 
specify an input hydrograph for each storm event. Only one input hydro- 
graph point in the basin is permitted. Nodal segments (both types) do 
not have a routing component; therefore, the output from the segment is 
equivalent to the input.

Optimization Component

An option is included in the model to calibrate the soil-moisture 
and infiltration parameters for drainage basins having observed rainfall- 
runoff data. The method of determining optimum parameter values is 
based on an optimization technique devised by Rosenbrock (1960). The 
utility of the procedure, as related to system identification in hydrologic
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modeling, was discussed by Dawdy and O'Donnell (1965). The method 
revises the parameter magnitudes and recomputes the objective function, 
using the revised set of parameter magnitudes. If the result is an 
improvement, the revised set is accepted; if not, the method returns to 
the previous best set of parameters. The objective function is the sum 
of the squared deviations of the logarithms of computed and measured 
storm-runoff volumes. Thus, the fitting procedure develops a nonlinear 
least-squares solution.

Rosenbrock's method of optimization proceeds by stages. During the 
first stage, each parameter represents one axis in an orthogonal set of 
search directions until arbitrary end-of-stage criteria are satisfied. 
At the end of each stage, a new set of orthogonal directions is computed, 
based on the experience of parameter movement during the preceding 
stage. The major feature of this procedure is that, after the first 
stage, one axis is alined in a direction reflecting the net parameter 
movement experienced during the previous stage.

To start the fitting process, the model is assigned an initial set 
of parameter values and upper and lower bounds for each parameter. The 
objective function is calculated and then stored in the computer memory 
bank as a reference value. A step of user-specified length is attempted 
in the first-search direction. If the resulting value of the objective 
function is less than or equal to the reference value, the trial is 
registered as a success, and the appropriate step size, e, for each 
parameter is multiplied by 3 (3 > 1). If a failure results, the step is 
not allowed and e is multiplied by -6, where 0 < fi < 1. An attempt is 
made in the next search direction, and the process continues until the 
end-of-stage criteria are met. At this point, a new orthogonal search 
pattern is determined, and another stage of optimization undertaken. 
The objective function value and associated parameter values are printed 
for each successful trial. Also, a listing by flood event of the simulated 
hydrologic response and of observed data are output at the start of each 
stage.

The observed values of runoff volume may be either user specified 
or computed by the model using unit-discharge data. If unit-discharge 
data are supplied to the model, surface runoff is calculated by a simple 
hydrograph-separation technique which assumes a constant base flow equal 
to the lowest observed discharge for the storm event. The simulated 
volume of surface runoff is based on rainfall excess. The user can 
select all storms or any subset of storms to be included in the calculation 
of the objective function values.

Impervious area is not included as a parameter to be optimized, but 
is a parameter to which simulated runoff volumes are very sensitive. 
Therefore, values of imperviousnoss should be accurately determined 
before using the optimization option. If initial estimates of imperviousnes; 
are grossly in error, resulting volumes and peaks will be grossly in 
error. In that case, estimates of imperviousness must be adjusted by 
the modeler, and optimization achieved by trial and error for the estimates 
of effective and noneffective impervious areas.
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DATA INPUT SPECIFICATIONS 

Input for this program must be on punched cards.

All listing of numeric data is right justified. All listing of alphabetic 
data is left justified. The letter "Oh" is written 0 to contrast with the 
number zero written 0.

The format F5.0 means that the floating-point magnitude of the variable 
contains no significant digits to the right of the decimal point. No decimal 
point need be punched in the card listing. If a significant digit is required 
to the right of the decimal point, the point must be punched in card listing. 
The format F4.2 implies that two significant digits lie to the right of the 
decimal point.

Experience with the program has indicated that great care must be exer 
cised in preparing the input card deck. A schematic of program deck setup is 
shown in attachment D.

Input item Program Format 
variable

Card 
columns

Card Group 1 (1 card)

Option to list data
If 0PTI0N = LIST all input 0PTI0N A4 1-4 
rainfall, runoff and evap 
oration data are printed.

If no unit-discharge data 0PT II 5
are to be read-in either
because storm-runoff volumes
are supplied for optimization
or no optimization is to be
performed, set 0PT = 1.
Otherwise, leave blank.

If daily rainfalls are to be
modified for irrigation, N0PT1 II 6
set N0PT1 = 1. Otherwise,
leave blank.
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Input item Program 
variable

Format Card 
columns

Card Group 2 (1 card)

Include Card 2 only if 
N0PT1 = 1.

Irrigation rate (inches/
week) for

January
February
March
April
May
June
July
August
September
October
November
December

IRR(l)
IRR(2)
IRR(3)
IRR(4)
IRR(5)
IRR(6)
IRR(7)
IRR(8)
IRR(9)
IRR(IO)
IRR(ll)
IRR(12)

F5.3
F5.3
F5.3
F5.3
F5.3
F5.3
F5.3
F5.3
F5. 3
F5. 3
F5.3
F5.3

1-5
6-10

11-15
16-20
21-25
26-30
31-35
36-40
41-45
46-50
51-55
56-60

Card Group 3 (1 card)

Streamflow station number STAD 
Name of streamflow station TITLD 
Drainage area of basin DA 

(square miles)

Card Group 4 (1 card)

Daily-rainfall station number STAP 
Name of daily-rainfall station TITLP

Card Group 5 (1 card)

Daily-evaporation station number STAE 
Name of daily-evaporation station TITLE

Card Group 6 (1 card)

Beginning year, BYR
month, and BM0
day of record BDY

Ending year, EYR
month, and EM0
day of record EDY

18
50A1 
F6.2

18
50A1

18 
50A1

13
13
13
13
13
13

1-8
9-58

59-64

1-8 
9-58

1-8 
9-58

21-23 
24-26
27-29 
33-35 
36-38 
39-41
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Input item Program Format Card
variable columns

Card Group 7 (1 card for each station)

Unit-rainfall station number STAUP 18 1-8 
Name of unit-rainfall station TITLUP 50A1 9-58 
Time increments for input of

unit rainfall and unit
discharge, in minutes. (Must PTIME F6.0 59-64
be a multiple of 5.)

If more than one rain gage is used, a Card 7 must be placed in front of 
the data for each rain gage.

The following types of cards contain input data of unit rainfall, unit 
discharge, daily rainfall, and daily evaporation. The cards must be arranged 
in chronologic sequence for each data type, in the order listed below. If more 
than one rain gage is used, all data for one rain gage must be read in chrono 
logic order before the data for another rain gage are input. The number of 
cards depends upon the number of days of record and the number of flood events. 
In column 80 of each data card, the type of data will be identified by the 
C0DE number as follows:

Type of data Program variable C0DE

Unit rainfall UP 1
Unit discharge UD 2
Daily rainfall DP 3
Daily evaporation DE 4

The number of cards required to list a complete day of unit rainfall (UP) 
or unit discharge (UD) is 120/PTIME. The card format for listing UP and UD 
provides 12 fields for these data. Each set of 12 units of data is numbered 
in chronologic sequence by the variable CN. The arrays UP and UD are initial 
ized to zero. Hence, if all 12 units of data for UP and UD are zero, the card 
may be omitted from the input card deck, but its card sequence number for this 
day must be taken into account in listing CN on subsequent cards. However, 
at least one unit-rainfall card must be included for each rain gage for every 
unit-rainfall day even if no rain occurred during that day.
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Input item Program 
variable

Format Card 
columns

Card Group 8 

Cards for unit-rainfall data (CODE=1 in column 80)

Station number STAUP
Date on which rainfall occurred:

year YR 
month M0 
day DY

Unit-time interval in minutes for
listing data CT

Card sequence number CN
Unit rainfall expressed in 

hundredths of an inch 
(12 data items per card) UP

Data type C0DE

18

12
12
12

12
12

12F5.0 
II

I-8

9-10

II-12 
13-14

15-16 
17-18

19-78 
80

At the end of data for a rain gage, when data for another rain gage arc 
to be used, insert a card between the sets of rain-gage data with a C0DE of 
8 punched in column 80. If no unit-discharge data are to be read-in (0PT = 1) 
insert a card at the end of the final rain-gage data with a C0DE of 9 punched 
in column 80.

Card Group 9

Cards for unit-discharge data (C0DE=2 in column 80) 

If 0PT=1, skip to Card Group 10

Station number STAD 
Date on which discharge occurred:

year YK 
month M0 
day DY 

Unit-time interval in minutes for
listing data CT 

Card sequence number CN 
Unit discharge in cubic feet per

second (12 data items per card) UD 
Data type C0DE

18

12
12
12

12
12

12F5.0 
II

I-8

9-10

II-12 
13-14

15-16 
17-18

19-78 
80

At the end of the unit-discharge data, insert a card with a C0DE of 9 
punched in column 80.
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Input item Program 
variable

Format Card 
columns

Card Group 10 

Cards for daily-rainfall data (C0DE=3 in column 80)

Station number
Year and month for data

Card sequence number (1 or 2) 
Daily rainfall in inches (up to

and including 16 items per card) DP 
Data type

STAP 
YR 
M0 
CN

C0DE

18 
12 
12 
II

16F4.2 
II

I-8 
9-10

II-12 
13

14-77 
80

Two cards are required for listing a complete month of daily pre 
cipitation or daily evaporation. Use as many cards as necessary to list 
data for all months. The card format for listing these daily data 
provides 16 fields: the first 16 days of data are listed on the first 
card, identified by the card sequence number CN=1, and the remaining 
days of data in the month on the second card CN=2.

For unit-rainfall days insert -100 (right justified) as the daily 
rainfall for that day on the daily-rainfall card. Any negative value 
signals that unit rainfall is listed for that day. (Therefore, you may 
alternatively insert negative the sum of the rainfall if the width of 
field permits). It may be desirable to skip a large gap in time rather 
than continue with daily soil-moisture accounting (for example, no 
winter records). In such cases a 9999 should be punched as the daily 
rainfall for the first and last day of the gap in record. No daily- 
rainfall cards are required for intervening 'days. SMS and BMS are set 
equal to zero at the start of simulation and immediately following a gap 
in the daily-precipitation record. Therefore, the model should be run 
for one to two months on a daily soil-moisture accounting basis prior to 
the first unit-rainfall day and between the end of a gap in record and 
the first subsequent unit-rainfall day.

Card Group 11

Cards for daily-evaporation data (C0DE=4 in column 80)

Station number
Year and month for data

Card sequence number (1 or 2) 
Daily evaporation in inches (up

to and including 16 items per
card) 

Data type

STAE 
YR 
M0 
CN

DE 
C0DE

18 
12 
12 
II

16F4.2 
II

I-8 
9-10

II-12 
13

14-77 
80

At the end of the daily-evaporation data, insert a card with a C0DE of 
9 punched in column 80.
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Input item Program Format Card
variable columns

Card Group 12 

Card specifying details for optimization round

Number of parameters in the
soil-moisture accounting and
infiltration components E0 14 1-4 

Number of parameters to be
adjusted F0 14 5-8 

Number of trial adjustments
per parameter K 14 9-12 

Initial step size for parameter
adjustment EPSLN F8.0 13-20

E0 should be 7 if the basin is to be treated uniformly or 14 if the 
basin is to be divided into parts with differing infiltration and soil- 
moisture parameters. If two different soil types are used, each sub-basin 
is assigned one or the other soil type by Card Group 16, If two soil types 
are used, up to 14 parameters can be optimized; however, this is not a 
recommended procedure. A basin with two very different soil types should 
most probably not be used to calibrate the model.

The initial magnitude and the magnitudes for the upper and lower 
limits for all parameters must be furnished. Suggested magnitudes are 
given in table 3. These magnitudes are grouped in the following order 
for each parameter: initial, lower limit, upper limit. The groups are 
listed for each parameter according to the order shown in table 3. EVC 
may be estimated as 0.7 if it is an adjustment of pan evaporation to 
potential evapotranspiration. EVC may differ from 0.7 by a considerable 
amount if the pan-evaporation data are collected at a site outside the 
basin. In that case EVC may include an adjustment to make the pan 
evaporation representative for the basin. RR is an estimate of the 
proportion of daily rainfall which infiltrates into pervious surfaces 
for the period of simulation excluding unit-rainfall days.

Input items Program Format 
variable

Card 
columns

Card Group 13

Cards furnishing initial magnitude, 
upper and lower limits of parameters

Initial magnitude X(I) F10.0 1-10
Lower limit G(I) F10.0 11-20
Upper limit H(I) FlO.O 21-30

There should be one card for each parameter. Upper and lower limits of 
parameters should be specified, even if no optimization is performed.
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Table 3. List of soil-moisture and infiltration parameters in order of 
input

Parameter X-array 
identifier

PSP

KSAT

RGF

BMSN

EVC

RR

DRN/(24.0*X[2])

X

X

X

X

X

X

X

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Initial

5.0

0.10

10.0

5.0

.7

.9

.5

Lower 
limit

1.0

0.01

5.0

1.0

.5

.65

.1

Upper 
limit

15

1

20

15

1

1

1

.0

.0

.0

.0

.0

.0

.0

Unit

inches

inches per hour

dimensionless

inches

dimensionless

dimensionless

dimensionless

If E0 equals 14, the second set of parameters is as above, but 

numbered X(8) to X(14).
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Input item Program Format Card
variable columns

Card Group 14 

Parameter-adjustment card

Subscripts for parameters to 0PTN0 1412 1-2 
be optimized (should be F0 3-4 
in number, can be in any order). etc. 
If no optimization is performed, 
insert a blank card.

DETAILED MODEL DESCRIPTION

The model description cards supply the program with information 
about the physical features of the catchment and the spatial and temporal 
properties of one or more storms which are to be simulated on the catchment,

The total input data set is divided into several parts. The following 
is an explanation of the data in each part.

Card Group 15 

Model-Control Card

Number of different segments NSEG 15 1-5 
used to describe basin 
(1 to 50)

Time interval, in minutes, used DT F5.0 6-10 
in finite-difference calcu 
lations (At) (Maximum of 5 
minutes)

Sampling interval, in minutes, 0SI F5.0 11-15 
for detailed output. The 
value is not constrained in 
anyway by the value of DT

Number of rain gages (1 to 3) NRG 15 16-20

Maximum impervious retention IMP F5.0 21-25 
(inches)

Card Group 16 

Segment Characteristics

There is one card for each segment, and cards may be arranged in any 
sequence.
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Input item Program 
variable

Format Card 
columns

Alphanumeric identification ISEG(I) A4 
for segment (Required for all 
segments; any alphanumeric 
identification can be used.)

Alphanumeric identification IUP(I,J) 3A4 
for up to 3 segments which J = 1, 3 
contribute inflow to the 
upstream end of this segment 
(leave blank where upstream 
segments are not present.)

Alphanumeric identification ILAT(I,J) 4A4 
for up to 4 segments which J = 1,4 
contribute uniform 
lateral inflow into this 
segment (leave blank where 
lateral inflow segments 
are not present.)

Type of segment ITYPE(I) 12

1-4

5-8
9-12
13-16

17-20 
21-24 
25-28 
29-32

33-34

1 = a rectangular open channel

2 = a pipe

3 = a triangular cross section

4 = to specify explicitly the kinematic channel 
parameters a and m

5 or 15 = overland-flow segment (turbulent)

6 or 16 = overland-flow segment (laminar)

Only one roughness parameter can be specified for an overland-flow 
segment. For sub-basins with short distances of pervious runoff from lawns 
to streets, use of one roughness parameter may be the best approach and 
ITYPE(I) should be specified as 5 or 6. For sub-basins of mixed pervious and 
impervious surfaces and comparable distances of flow for reach, two sub-basins 
can be specified, a pervious and an impervious sub-basin, by the use of 
ITYPE(I) of 15 or 16, depending upon whether the sections are turbulent or 
laminar overland flow. In such a case, the ITYPE(I) = 15 (or 16) must 
immediately follow the ITYPE(I) = 5 (or 6) segment of identical description 
except for roughness. Any channel which receives lateral inflow from one 
of the pair must receive lateral inflow from the other. The ITYPE(I) = 5 
(or 6) segment must contain the pervious roughness; the ITYPE(I) = 15 (or 
16) segment, the impervious roughness.

7 = a junction
8 = a detention reservoir (modified-Puls routing)
9 = a detention reservoir (linear-storage routing) 

10 = an input-hydrograph point (only 1 input-hydrograph point 
is accepted by the model)



Input item Program Format Card
variable columns

Outflow print-out indicator IPR(I) 12 35-36

1 = if the outflow hydrograph for this segment is 
to be printed out.

0 = if the outflow hydrograph for this segment is 
not to be printed out.

For segment types 1-6, 15, 16: 
number of intervals into which 
total length of this segment is 
to be divided for finite-dif 
ference calculations. 
(Maximum of 10). NDX(I) 12 37-38

For segment type 8:
number of points in the 
storage-outflow relationship. 
(Maximum of 30).

For segment types 7, 9, 10: 
leave blank

Length of segment (feet) FLGTH(I) F5.0 39-43

For overland-flow segments the length can be computed as area, in 
square feet, of the overland-flow segment divided by the length, in 
feet, of the channel segment into which it contributes lateral inflow. 
The model computes a basin drainage area based on the length of channels 
and their adjacent overland-flow segment lengths. If this computed 
drainage area differs by more than 1 percent from the drainage area 
input from Card Group 3, a comparison of computed versus input basin 
drainage area is included in the output. The model uses the computed 
drainage area for all computations.

Slope of segment (feet/feet) SL0PEU) F5.0 44-48 

Roughness parameter for segment FRN(I) F5.0 49-53

For segments of type 1, 2, 3,
4, 5, or 15, this is a parameter 
similar to Manning n. For 
segments of type 6 or 16, this 
is an empirical coefficient for 
laminar overland flow. Leave 
blank for segments of type 7 
to 10.
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Input item

A pair of parameters which 
depend on type of segment

Segment Type Special

1 PARAM(I,1)

PARAM(I,2)

2 PARAM(I,1)

PARAM(I,2)

3 PARAM (1,1)

PARAM(I,2)

4 PARAM(I,1)

PARAM(I,2)

5 or 15 PARAM(I,1)

PARAM(I,2)

6 or 16 PARAM(I,1)

PARAM (1,2)

7 PARAM(I,1)

PARAM (1,2)

8 PARAM (1,1)

PARAM (I, 2)

9 PARAM (1,1)

PARAM(I,2)

10 PARAM(I,1)

PARAM(I,2)

Program Format 
variable

PARAM (I, J) 2P5.0 
J = 1,2

Parameters

= width (feet)

= height (feet)

= diameter (feet)

= leave blank

Card 
columns

54-58 
59-63

= width of cross section (feet) at 1-foot depth

= leave blank

= a

- m

= perviousness

= effective imperviousness. 
For example, for a segment of type 5 consisting 
of 25 percent pervious land cover, 60 percent 
effective impervious land cover, and 15 percent 
nonef fective impervious land cover, set 
PARAM(I,1) = .25 and PARAM(I,2) = .60.

= perviousness (same as type 5)

= effective imperviousness (same

= leave blank

= leave blank

= leave blank

= leave blank

= constant K in S=KO relationship

= leave blank

= leave blank

= leave blank

29
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Input item Program Format Card
variable columns

Designation of parameter set KPSET(T) 12 64-65 
for overland-flow segments.

For segment types 5, 6, 15, or 16: If E0 = 7, enter 1. If E0 = 14, 
KPSET(I) equals 1 if X(l) to X(7) apply, KPSET(I) equals 2 if X(8) to 
X(14) apply. Otherwise, leave blank.

"Thiessen coefficients" for RC0EF(I,J) 3F5.0 66-70 
overland-flow segments J = 1, NRG 71-75 
in same order as station 76-80 
data input by Card Groups 
7 and 8.

The "Thiessen coefficients" are not truly such, because they need 
not sum to 1.0 for a sub-basin. Rather they are adjustment coefficients 
for weighting the rainfall at each rain gage. Thus, if only one rain gage 
is available, its adjusted rainfall over the basin may be distributed by 
the "Thiessen coefficients," all of which may be less than 1.0 if the rain 
gage is on a ridge at a higher elevation with a higher rainfall than the 
basin or all less than 1.0 if the rain gage is at the lower end or below 
the basin. If more than one rain gage is available, each may be adjusted 
and then weighted by means of the "Thiessen coefficients."

Card Group 17

Cards specifying outflow-storage 
relationship for segments of type 8

If there are no segments of type 8, skip to storm-sequencing card. 
Otherwise for each modified-Puls detention reservoir, in the order in 
which the detention reservoirs are read in Card Group 16, input the 
outflow-storage relationship. There should be NDX (I) cards for each 
detention reservoir (I).

Outflow (in cubic feet per
second) 02 (I,II) FlO.O 1-10

Storage (in cubic feet per
second-hours) S2 (I,II) FlO.O 11-20

II = 1, NDX (I)

Card Group 18 

Storm-sequencing card 

Number of storms I 12 1-2
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Input item Program Format Card
variable columns

Number of storms in the NF(K) 3912 3-4, 
sequence of days containing K-l, I 5-6, 
a given storm (up to 6) etc. 
For example, if the first 
sequence of consecutive storm 
days contains 1 storm, NF(1) = 
1; if the first sequence con 
tains 3 storms, NF(1) = NF(2) = 
NF(3) = 3.

Card Group 19 

Storm-separation cards

Starting time increment KS 14 1-4 
for storm

Ending time increment KE 14 5-8 
for storm

If the computed and/or measured IPL II 9 
outflow from the drainage 
basin is to be plotted for 
this storm, set IPL = 1. 
Otherwise, leave blank.

If volumes are supplied, set V0LI F6.2 10-15 
V0LI equal to runoff volume 
(inches). Otherwise, leave 
blank.

There should be one storm-separation card for each of the I storms 
shown on the storm-sequencing card. Starting and ending time increments are 
specified as the number of the unit-time interval in the sequence of days 
containing the storm. For example, if the unit-time interval is 15 minutes 
and the starting time of the storm is 0700 on the first day of a sequence 
of days, KS should be specified as 28. Likewise, if the starting time was 
0700 on the second day of a sequence of days, KS should be specified as 
124. If unit-discharge.data are input to the model, the starting and ending 
time increments for each storm must envelope the entire runoff period in 
order that the correct storm-runoff volumes are calculated. The model stops 
routing at the ending time increment for each storm.
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Input item Program Format Card
variable columns

Card Group 20 

Routing Card 

1 = routing performed for storm K0UT(I) 4012 1-2

0 = no routing for storm I * 1,N0FE 3-4
etc.

Card Group 21 

Optimization card

1 = storm used in computation TESTN0(I) 4012 1-2 
of objective function

0 = storm not used in computation I * 1,N0FE 3-4 
of objective function etc.

Card Group 22

Input-hydrograph-indicator card 

1 = storm has input hydrograph IHYD(I) 4012 1-2

0 = storm has no input hydrograph I * 1,N0FE 3-4
etc.

Card Group 23 

Cards specifying input hydrograph

No cards are necessary if there are no input-hydrograph segments 
(ITYPE(I) * 10 on card group 16). Otherwise the input hydrographs for 
each storm should be read in the order in which the storms occur. An 
inflow of 0 cubic feet per second is assumed if no values for a time 
period are read.

1 = last input hydrograph card IC0DE 12 1-2 
for storm

0 = not last input hydrograph 
card for storm
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Input item Program Format Card
variable columns

Starting time increment for JJJ 13 3-5 
values of inflow read 
(Same convention as storm- 
separation cards)

Inflow (in cubic feet per second) X2(I) 10F5.3 6-55 
(10 values per card) I = 1,10

COMPUTER REQUIREMENTS

The computer program has been written in FORTRAN IV programming 
language and was developed and tested on CDC 7600 equipment. The plotting 
routine included in the program listing of attachment C is IBM-system-^ 
dependent. Instructions are included in the program listing to eliminate 
the plotting routine (see lines A24 and A921 in attachment C). With the 
exception of the plotting routine, the program can be run on any Fortran- 
based computer.

The program, as dimensioned, will handle up to 50 different segments. 
A single simulation will analyze a period of record spanning as many as 
1,000 days. The maximum number of unit-rainfall days is equal to 5 
times the unit-time increment in minutes. All of these limits can be 
changed easily by redimensioning the program. The program, as dimensioned, 
requires 302 K bytes of storage on IBM 360 equipment. It takes about 15 
to 17 seconds of CPU time for compilation. The first and second runs in 
attachment E executed in 6 seconds and 12 seconds, respectively.

PROGRAM OUTPUT

Examples of the output listing are given in attachment E. The general 
output format consists of:

(1) Station numbers and names, drainage area, unit-time interval, 
period of record, and, if N0PT1 = 1, daily irrigation rates.

(2) All input rainfall, runoff, and evaporation data. (If 0PTI0N = LIST)

(3) List of initial soil-moisture-parameter values and infiltration- 
parameter values, with identification of those parameters that are 
to be optimized.

(4) Initial step-size increments for each parameter to be optimized,
maximum number of trials used in the optimization, and initial step 
size for parameter adjustment. (If optimization option is used.)

  The use of brand names in this report is for identification purposes 
only and does not imply endorsement by the U.S. Geological Survey.
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(5) Number of segments, time interval used in finite-difference calcu 
lations, output sampling interval, number of rain gages, number of 
soil types and maximum impervious retention.

(6) List of segments and their characteristics

(7) Segment computation sequence and segment ot's and /n's for kinematic- 
wave routing.

(8) Number of storms, number of storms in the sequence of days containing 
a given storm, starting and ending time increment for each storm, 
identification of storms for which routing is performed and 
identification of storms which have an input hydrograph.

(9) List of flood events used in the objective function (If optimization 
is performed.)

(10) Progress report on optimization (if performed)

a. Value of objective function for initial parameter values 
and a listing of the parameter values.

b. For each storm event a listing of measured surface-runoff
volume and simulated surface-runoff volume, measured rainfall 
at each rain gage, and contribution to objective function for 
each storm event.

c. Objective function and soil-moisture and infiltration parameter 
values at each step in the optimization technique that results 
in a decrease in the objective function.

d. A repetition of (a) to (c) each time a new orthogonal search 
pattern in optimization is initiated.

(11) Outflow hydrographs for user-selected segments for routed storm 
events. Also, the maximum storage required of each detention 
reservoir for each routed storm event is listed.

(12) Line-printer plot of computed and (or) measured outflow from 
drainage basin for user-selected storm events.

(13) Value of objective function and soil-moisture and infiltration 
parameter values for last successful trial.

(14) For each storm event a listing of measured and simulated peak
discharge, measured and simulated surface-runoff volume, measured 
rainfall at each rain gage, and contribution to objective function.
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ATTACHMENTS



A. GENERALIZED PROGRAM FLOW CHART
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c START PROGRAM
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BY EACH RAIN GAGE FOR 
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GAGES TO 
CATCHMENT

SET UP
OUTPUT
SEQUENCE

Figure 7. Flow chart of initial program setup.
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INITIALIZE AND 
ESTABLISH CURRENT 
INFII.THATION PARA 
METER VALUES
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Figure 8. Flow chart of main program.
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No

NO
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EXCESS EVAP. 
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Figure 9. Flow chart of daily water balance.
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FOH EACH RAIN- 
GAGE
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^ ^
1

1 YES

RETAINED 
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Figure 10. Flow chart of rainfall excess,
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SUBTRACT 
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IMP. SURFACES
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ETDEL, 
SMS=0

BMS * BMS 
+ SMS, 

SMS » 0

YES

NO

BMS =
DRAIN  * SMS 
SMS * SMS 

-DRAIN

Figure 11. Flow chart of unit-time vater balance during periods of 
no rainfall.
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AT DESIGNATED 
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Figure 12. Flow chart of routing routine.
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B. LIST OF SELECTED VARIABLES

(A) Alphanumeric, (I) Integer, (R) Real
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A   Array containing step lengths and orthonormal search vectors 
used in optimization. First FO elements are step lengths to 
be applied to various vectors. The next FO x FO elements are 
used to define search pattern. (R)

ALAT   Discharge per unit width (q) from lateral segment multiplied 
by At. (R)

ALP   a. (R)

ALPHA   Array of a's for segments. (R)

AP   Excess precipitation per minute on impervious area of a seg 
ment. (R)

AMAX   Array of maximum cross-sectional areas of flow from segments. (R)

AVIN   Average inflow to a detention reservoir. (R)

BD   Dummy variable used in orthonormalization. (R)

BDY   Beginning day of daily rainfall and daily-evaporation data. (I)

BM0   Beginning month of daily rainfall and daily-evaporation 
data. (I)

BMS   Base soil-moisture storage. (R)

BMSB   Array of BMS's for rain gages and soil types. (R)

BTIME   Unit-time interval, in minutes. (I)

BYR   Beginning year of daily rainfall and daily-evaporation data 
(last two digits). (I)

Bl,B2   Dummy variables used in orthonormalization (reflect efficiency 
of optimization procedures). (R)

B3   Indicator of continuing parameter adjustment (0 continuing, 
1 terminated). (I)

CHG   Indicator of whether rain occurred in preceeding time interval 
or not (0 Yes, 1 No). A 1 requires re-evaluation of PS. (I)

CN   Card sequence number for various data types. (I) 

C0DE   Identifier of data type. (I)

C0EF   Factor used in computation of infiltration rate, equivalent to 
(RGF-1.0)/BMSN. (R)
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C0EF2

CT

D

DA

DAT

DATE

DATERF

DATERL

DCCN

DE

DED

DELTAT

DELS

DEL5P

DIMP

DP

DPD

DRAIN

Same as C0EF, but for soil type 2. (R) 

Recording interval of unit data, in minutes. (I)

Array containing cumulative step length taken in direction of 
each search vector during a stage of optimization. (R)

Drainage area of basin, in square miles. (R)

Computed drainage area of basin, in square miles. (R)

Julian date relative to January 1, 1901. (I)

Julian date for beginning of record. (I)

Julian date for end of record. (I)

Dummy variable used to check unit-discharge data. (I)

Array containing daily evaporation. (R)

Julian date for observation of daily evaporation. (I)

Time interval, in fraction of an hour, for reservoir routing. (R)

Number of 5-minute intervals in unit-time interval. (I)

DEL5 + 1. (I)

A two-dimensional array of drainage areas. (R)

DIMP(NRGI,1) is total effective impervious area covered by
rain gage NRGI 

DIMP(NRGI,2) is total effective impervious area covered by
rain gage NRGI on subbasins of soil type 2 

DIMP(NRGI+3,1) is pervious area covered by rain gage NRGI on
subbasins of soil type 1. 

DIMP(NRGT+3,2) is pervious area covered by rain gage NRGI on
subbasins of soil type 2. 

DIMP(NRGI+6,1) is noneffective impervious area covered by
rain gage NRGI on subbasins of soil type 1. 

DIMP(NRGI+6,2) is noneffective impervious area covered by
rain gage NRGI on subbasins of soil type 2.

Array containing daily precipitation. (R) 

Julian date for daily precipitation. (I)

Volume of water drained from saturated zone of soil type 1 
in unit time. (R)
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DRAIN2   Volume of water drained from saturated zone of soil type 
2 in unit time. (R)

DRN24   Volume of water drained from saturated zone in 24 hours for 
soil type 1. (R)

DRN242   Volume of water drained from saturated zone in 24 hours for 
soil type 2. (R)

DT   (a) Time interval (At) used in finite-difference calcula 
tions, in minutes. (R)

(b) Three-dimensional array of interim drainage areas used 
in the calculation of DIMP's and drainage area basin. (R)

DTEMP   Drainage area of overland-flow segment to channel, used in 
calculation of DT's. (R)

DTEMPl   Drainage area used in adjustment of rain gage to basin. (R)

DTS   Time interval (At) used in finite-difference calculations, 
in seconds. (R)

DX   Array of length intervals (Ax), in feet, used in finite- 
difference calculations. (R)

DY   Day of observed record. (I)

E   Array containing switches (0,1) used in optimization to test 
for end of stage criterion (1 all switches). (I)

EC0MP   Parameter to indicate end of 5-minute routing interval for 
a particular 5-minute precipitation interval in a detailed 
storm. (R)

EDY   Ending day of daily rainfall and evaporation data. (I)

EM   Array of ni's for segments. (R)

EM0   Ending month of daily rainfall and evaporation data. (I)

E0   Number of infiltration parameters. (I)

EP   Excess precipitation per minute on pervious area. (R)

EPSLN   Step size for parameter adjustment at beginning of each 
stage in optimization. (R)

ETDEL   Potential unit-time evapotranspiration. (R)
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ETW   Potential daily evapotranspiration for soil type 1. (R)

ETW2   Potential daily evapotranspiration for soil type 2. (R)

EVC   Pan coefficient for soil type 1. (R)

EVC2   Pan coefficient for soil type 2. (R)

EYR   Ending year of daily rainfall and evaporation data (last two 
digits). (I)

FILE   File number used to print plots on. (I)

FLAG   Indicator of change from daily rainfall to unit-rainfall 
day (0 Yes, 1 No) . (I)

FLGTH   Array of segment flow lengths. (R)

FMTA,FMTB   Formatting variables for outputting which flood events are used 
in the objective function. (A)

FMTP,FMTP1   Formatting variables for outputting initial infiltration 
parameter values and which of these parameters are to be 
optimized. (A)

F0   Number of parameters to be adjusted in current round. (I)

FPK   Array of observed peaks for flood events. (R)

FR   Infiltration rate, in inches per 5-minutes. (R)

FRN   Array of friction coefficients for segments. (R)

FV0L   Array of measured flood volumes for flood events, in inches. 
(R)

G   Array containing lower limits of infiltration parameters. (R)

GD,G0E   Dummy variables used in determining bounds of solution space 
for optimization. (R)

H   Array containing upper limits of parameters. (R)

HD -- Dummy variable used in determining bounds of solution space 
for optimization. (R)

IC0DE   Indicator for termination of input-hydrograph data for a flood 
event (1 termination, 0--continuing). (I)

IF0P1   Do-loop counter for identifying infiltration parameters not 
to be adjusted in optimization. (I)
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IHYD   Array containing indicator of whether or not flood event has 
an input hydrograph (1 Yes, 0 No). (I)

UK   Five-minute interval within sequence of days at which a storm 
ends. (I)

IJKS   Five-minute interval within sequence of days at which a storm 
starts. (I)

ILAT   Array of lateral inflow segments into indexed downstream seg 
ment. (A)

IMP   Maximum impervious retention depth, in inches. (R)

IMPRET   Array of 5-minute incremental depths added to impervious 
retention, in inches. (R)

IMPST0   Array of impervious retention storage for rain gages during 
previous time interval, in inches. (R)

IMPSTT   Impervious retention storage for a given rain gage during 
current time interval. (R)

INC   Difference between daily infiltrated rainfall and daily evapo- 
transpiration for soil type 1. (R)

INC2   Difference between daily infiltrated rainfall and daily evapo- 
transpiration for soil type 2. (R)

INDP   Array of starting and ending days of gap in daily record. (I)

INI   Array of inflows to detention reservoir segments at beginning 
of given time interval. (R)

IN2   Array of inflows to detention reservoir segments at end of 
given time interval. (R)

I0UT   Array used with 0PTI0N to determine whether daily and unit 
data are to be listed. (A)

IPAR   Dummy variable used to identify soil type for excess precipi 
tation calculation on a segment. (I)

IPL   Array containing indicator of whether or not outflow from the 
drainage basin is to be plotted for a flood event. (1 Yes, 
0 No) . (I)

IPR   Array of indicators of outflow hydrograph printing for seg 
ments (1 print outflow hydrograph, 0 do not print outflow 
hydrograph). (I)
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IPRNT   Counter for printing hydrograph. (I)

IRR   Array of monthly irrigation rates, in inches per week. (R)

ISEG   Alphanumeric identifier for segment. (A)

ITEST   Array of indicators of whether or not segment has been 
sequenced (1 Yes, 0 No). (I)

ITRAN   Dummy variable used in renumbering lateral and upstream inflow 
segments. (I)

ITYPE   Array of segment types. (I)

IUP   Array of upstream inflow segments into indexed downstream 
segment. (A)

IW   Counter for days during simulation. (I)

I2CFSP   Conversion factor for converting runoff in inches per unit
time per unit area to discharge in cubic feet per second. (R)

JLAT   Array of lateral inflow segments which have been renumbered 
from ILAT to correspond to ISEG identifications. (I)

J0UT   Array of segments with output hydrographs. (I)

JUP   Array of upstream inflow segments which have been renumbered 
from IUP to correspond to ISEG identifications. (I)

KDAY   Five-minute precipitation interval in a detailed storm. (I)

KDY   Five-minute precipitation interval in a detailed storm. (I)

KE   Ending unit-time interval for storm. (I)

KI   Counter for channel segments. (I)

KINIT   Indicator for calling subroutine INIT to initialize catchment 
(1 Yes, 0 No) . (I)

KIT   Dummy variable used in printing time of peak flow during a 
flood event. (I)

KNN   Number of flood events used in optimization. (I)

K0UT   Indicator of whether or not detailed output is printed for a 
storm (1 Yes, 0 No). (I)

KPSET   Array of soil types for segments (1 soil type 1, 2 soil type 
2). (I)
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KR   Indicator of whether or not excess precipitation occurred 
during a 5-minute time interval (1 Yes, 0 No). (I)

KS   (a) Starting unit-time interval for storm,
(b) Array of segments which are not overland-flow segments. (I)

KSAT   Effective hydraulic conductivity of saturated soil type 1. (R)

KSAT2   Effective hydraulic conductivity of saturated soil type 2. (R)

KSEG   Array of segments ordered in downstream order. (I)

KTEMP   Day of unit-time simulation. (I)

Kl   Array of beginning times of detailed storms. (I)

K2   Array of ending times of detailed storms. (I)

K4DAY   Number of unit-time increments in a flood event. (I)

LABEL   Array containing the string of characters to be printed at 
left edge of all plots. (A)

LEAP   Indicator of leap year (1 Yes, 0 No). (I)

MAXL   Maximum lines per page of printed output (55). (I)

MN   Array containing cumulative numbers of days (in nonleap year) 
to end of preceding month. (I)

M0   Month of observed record. (I)

N   (a) Dummy variable used for boundary in finite-difference
calculations,

(b) Indicator of whether segment has an upstream segment 
which has not been sequenced in downstream order yet 
(1  Yes, 0 No) . (I) ^V

NDATE   Array of storm dates. (I)

NDELS   Number of unit-time intervals in a day. (I)

NDX   (a) Number of intervals (Ax) for finite-difference routing. (I) 
(b) Number of points in storage-outflow relationship for a 

modified-Puls detention reservoir.

NF   Array of number of storms in the sequence of days containing 
a given storm. (I)

NFD   Number of storm sequence. (I)
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NFD1   Number of days of routing thus far in given storm sequence. (I) 

NFE   Array of ending 5-minute intervals for storms. (I)

NFI1   Number of storms remaining to be analyzed for observed volume 
and peak in given storm sequence. (I)

NFS   Array of starting 5-minute intervals for storms. (I)

NHL   Number of horizontal grid lines in the graph. (I)

NIT   Number of iterations during segment sequencing. (I)

NK   Total number of iterations in an optimization round. (I)

NL   Number of lines of output on a given page. (I)

NN   Subscript for objective function used. (I)

N0   Sequence counter to identify current search vector. (I)

N0FE   Number of flood events. (I)

N0PT1   Indicator of whether or not daily rainfalls are to be modified 
for irrigation (1 Yes, 0 No). (I)

N0UD   Array containing sequence date for I-th day of unit discharge, 
I = 1,...,NUDD. (I)

N0UP   Array containing sequence date of I-th day of unit precipi 
tation, I = 1,...,NUPD. (I)

N0UT   Number of segments with outflow hydrograph to be printed. (I) 

N08   Number of modified-Puls detention reservoir segments. (I)

N09   Ten + the number of linear-storage detention reservoir 
segments. (I)

NPAGE   Page number used by subroutine PAGE to number output pages. (I)

NPAR   Number of soil types. (I)

NRG   Number of rain gages. (R)

NRGI   Rain gage I. (I)

NRG1 ~ NRG + 1. (I)

NSBH   Number of spaces between horizontal grid lines. (I)
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NSBV 

NSCALE

NSEG 

NUDD 

NUPD 

0F

0PT 

0PTI0N

0PTN0

0SI

01

02

PARAM 

PCCN 

PDEL 

PDT

PIMP

PK

P0BS

  Number of spaces between vertical grid lines. (I)

Variable used to define the format of the ordinate and 
abscissa label scaling factor. (I)

  Number of segments. (I)

  Number of days of unit discharge. (I) 

Number of days of unit rainfall. (I)

Dummy variable containing minimum of error function determined 
prior to current iteration in optimization. (R)

Option to read in storm volume. (A)

  Option to list data (0PTI0N = LIST all input data are printed, 
(A)

Array containing subscripts to identify parameters to be 
adjusted in round of optimization. (I)

Output sampling interval. (R)

Indicator of whether current flow is first flow of storm. 
(0--Yes, l~No) . (I)

Array of outflows in outflow-storage relationship for modified- 
Puls detention reservoir segments. (R)

  Array of excess precipitation during 5-minute intervals from 
each rain gage. (R)

Pair of parameters for a segment. (R)

Dummy variable used to check unit-precipitation data. (I)

Unit-time interval expressed as a fraction of a day. (R)

Dummy variable used in the calculation of storage due to 
surcharging. (R)

Array of excess precipitation volumes from pervious surfaces 
for flood events. (R)

Indicator of whether or not overland-flow segment is of a 
particular soil type. (1 Yes, 0 No). (R)

  Array of observed rainfall volumes for flood events. (R)
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PS   Product of capillary suction and moisture differential at 
wetting front. (R)

PSP   Minimum effective magnitude of PS for soil type 1 
(occurs at field capacity, BMS=BMSN). (R)

PSP2   Minimum effective magnitude of PS for soil type 2. (R)

PSUM   Array of total excess precipitation for each flood event and 
rain gage. (R)

PTIME   Time increment for unit data, in minutes. (R)

PW   Amount of daily precipitation which infiltrates for soil type
1. (R)

PW2   Amount of daily precipitation which infiltrates for soil type
2. (R)

Q   Array of times for plotting. (R)

QCW   Simulated runoff volume in square feet-inches for a flood 
event. (R)

QFULL   Discharge at full-pipe flow. (R)

QIH   Array of input-hydrograph discharges. (R)

QIND   Current outflow from drainage basin. (R)

QLAT   Variable for lateral inflow onto a segment (q) in finite- 
difference routing. (R)

QMAX   Array of maximum possible discharges for segments. (R)

QMX   Peak flow during a storm. (R)

QOUT   Array of computed output discharges for segments. (R)

QPR   (a) In subroutine LAT,  q(t) in finite-difference routing;
(b) In subroutine UP  Q(o,t) in finite-difference routing. (R)

QR   (a) Excess rainfall in 5-minute interval, 
(b) Baseflow. (R)

QSUM   Array of sum of upstream inflows to segments. (R)

QSUML   Array of sum of lateral inflows to segments. (R)

QUP   Q(o, t+At) in finite-difference routing. (R)
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Ql   Outflow from a segment at time t. (R)

Q2   Outflow from a segment at time t + At. (R)

Q3   Variable set to current unit discharge when computing baseflow, 
measured peak flow, and measured discharge volume. (R)

R   Array of discharges for plotting. (R)

RAT   Array of ratios of pervious area + noneffective impervious
area to pervious area for each rain gage and soil type. (R)

RATI0   Dummy variable used in comparing computed drainage area with 
furnished drainage area. (R)

RC0EF -- Array of "Theissen coefficients" for segments. (R)

RGF   Ratio of maximum PS (at wilting point) to minimum PS (at 
field capacity) for soil type 1. (R)

RGF2   Ratio of maximum PS to minimum PS for soil type 2. (R)

RITE   Indicator of progress in parameter adjustment to-continuing, 
1 end of stage in optimization, print results). (I)

RK   Sum of "Thiessen coefficients" for all rain gages on a 
segment. (R)

R0DYS   Number of days from start to end of record. (I)

RR   Ratio of daily infiltration to daily rainfall for soil type
1. (R)

RR2   Ratio of daily infiltration to daily rainfall for soil type
2. (R)

SEG   Array of segments for outputting hydrographs. (R)

SF   Scale factor to determine initial step lengths in a stage of 
optimization. (R)

SFPK   Array containing maximum simulated discharge for flood events, 
in cubic feet per second, (R)

SFV0L   Array containing simulated runoff volume for flood events, in 
basin inches. (R)

SL0PE   Array of segment slopes. (R)

SMAX   Array of maximum storage during a flood event for detention 
reservoirs. (R)
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SMS   Soil moisture storage in saturated zone (volume of infiltra 
tion during period). (R)

SMSB   Array of SMS's for soil types and rain gages. (R)

SR   Five-minute rainfall supply rate to pervious surfaces (adjusted 
for contribution from noneffective impervious surfaces). (R)

SRP   Five-minute rainfall supply rate to effective impervious 
surfaces. (R)

SRV   Dummy variable for simulated runoff volume. (R)

S2   Array of storages in outflow-storage relationship for modified- 
Puls detention reservoir segments. (R)

T   Time in finite-difference routing. (R)

TEMP   Dummy variable used in sequencing nonoverland-flow segments 
in downstream order. (R)

TESTN0   Array containing indicator of whether or not flood event is 
used (l--Yes, 0 No) . (I)

T0UT   Array of times (from beginning of storm) of output hydrograph 
point. (R)

TRYCT   Iteration count for set of parameters. (I)

U   Array containing objective functions. (R)

UD   Array containing unit-discharge data. (R)

UDD   Sequence date of unit discharge. (I)

UNN1   Boundary value of root mean square error. (R)

UNN2   Boundary value of root mean square error. (R)

UPD   Sequence date of unit rainfall. (I)

UPR   Array containing unit-precipitation data. (R)

UU   Dummy variable for objective function in current iteration. (R)

U1,U2   Dummy variables for specific objective functions. (R)

V0LI   Furnished volume of storm runoff, in inches. (R)
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W   Counter for day of record. (I)

X   (a) Array containing magnitudes of infiltration parameters 
(b) Array of abscissa coordinates for plotting. (R)

XMAX -- Value of abscissa at the rightmost grid line. (R)

XMIN -- Value of abscissa at the leftmost grid line. (R)

XX   Dummy variable for infiltration parameters. (R)

YMAX   Value of ordinate at the uppermost grid line. (R)

YMIN   Value of ordinate at the lowermost grid line. (R)

YN   Array containing cumulative number of days counted from 
January 1, 1901 at end of preceding year. (I)

YR   Year of observed record (last two digits). (I)
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C. PROGRAM LISTING

58



Jj47--DIbTHIBUTED ROUTING RAI SFALL-3UNOFF
MODEL FOR JRBAN

OPERATIONAL MODELS 
3ULF COAST HYOROSCIENCE
U. S. GEOLOGICAL SURREY - URD 

DATE OF LAST PROGRAM REVISION: AUb 15. 1978

IOJT (2) . iNDP(bO)
EO.FO.OPTNO<25) .iS.TRYCT.Ol.MSdS) ,E(26) .F(26)
PCCN . occ * t ROD vs t DELS t OPO .D£D.OATERf .DATERL.BTI ME t DATE
STA.STAD.STAD1 . ST A JP. ST AUP1 . STAP. STAP1 ,STAE . ST AE 1 
YR,MU,DY.BYH.ttMOtBOYtEYH.EMO.EOY.C>itCT.C3i)E.OPTJON.OPT 
NOJO( lib) , NOUP( 1 15) »YN(84) t UPOt 'JDO f I PR ( 50 ) 
HITE.WtCHG.FLAGOELbP. TESTED ( 60 ) 
FILE

1 nEGER 
INTEGER
INTEGER
INTEGER 
INTEGER 
INTEGER
INTEGER 
INTEGER
RtAL IRR
DIMENSION TITLD(50). TIT u jP(50), TITL P (50). TITLEI50). X2(16)
JIMENSION PI*P(60t3)« IRR(12)
JIMENSION Kl (60) . <2(bfl)

IF P.OTTINS ROUTINE NOT ACCEPTED BY COMPUTER 
PULL OUT LOGICAL*! IMA3E(5200) 

LOGICAL*! IMAGE(a200) 
RtAL ISEGtIU 3 tILAT
COMMON /Cl/ MSEG.ISEG(50),IUP(50.3).NPAR.K'SET(50) 
COMMON /C2/ SL»NPAGE
COMMON /CJ/ IPRNT.TtAR(50.11) tFLGT-1(50) tKS£&(50) t*40X(50) ,U1 (50) .02 
1(50)tUSUM(50)tUSJML(50)tSTO(50)
COMMON /C4/ 3EL5tMAXLtQC«,ULATtlLAT(50f4)tI TEST(50)11 TYPE(50)tJLAT 
1(bOt4)tJUP(50t3)tP(3456t3)tPARAM(50t2)tRCO-F(50t3)tUP*(7200) 
COMMON /Cb/ ALPHA(50)tEM(50)tFRN(50)tOMAX(SO)tSLOPE(50)

DTtOTStQUP.DX(50)
ECOMP,I,KlNIT,NOUTtNRGtOSItJOUT(50)t31NDtRAT(3t2)
I2tIltIKtTRYCTtKOUT(60)tSE&(50)
I3tI4 v QlH(172R)t D TlMEtlHYD(60)tUtIP
DP<1000).RODYS 

IMP.IMPRET*IMPSTT.IMPSTO 
RtAL IN1»IN2
COMMON /El/ IMPRET(1728t3)tIMPSTO(3) 
JIMENSION Iw£S(30). 02(50.30) 
COMMON /E2/ SMAX(50)tIN2(50)tINI(50)tS202(50)
COMMON /E3/ DELTAT.NOS.QSJSO.11>
COMMON /E4/ *V(50.30)»S1(50.30).Cl(50.30) 
COMMON /E5/ S2(bOt30)»S(50t30)»C(50t30) 
COMMON /Fl/ ICT*0(172B) .^(1728) t IP«.>(60) 
COMMON

COMMON 
COMMON 
COMMON 
COMMON
COMMON

/Cb/ 
/C7/
/Cti/

/oi/

/PAR AM/ NSCALE( 1) .NHL .NS8H. ̂ VL   NSBV. XMAX t XMlN. fMAX t YMlN. FlL 
lE.CH»N3tND»LABEL( 12)
INTEGER NFI60) *NFE(60) t NFS (60) .NO ATE (50 .3) t*Q 
REAL UD(7200> »DE( 1000) 
4EAL KORAlN,PStPSP.PNtQltQRtORAlNt4GF.8MSN,FPK(60> .PS JM ( 120 . 3) f»R

REAL 
RtAL

REAL 
REAL 
REAL 
RtAL

SFPK(bO) .PDEL.I2CFS»
E.PSLN t XXtGOEtOFttflti2*X(75> .G(75)
H(7S),U(3).A<7fe)tD<7fe>,DmP(9,2)
UU,SF,8D.tiO,HO
EVC2tRR2tDR>4242tDRAlN2tPM2tET«2tlNC2t<6AT2
Q3tSRVt3MXtSMSB(3»2) .BMSB(3t2) t FVOL ( 60) t SFVOL (60 ) tPOBS(60t3)
FMTP(9) tFMTPl (10) »FMTA(6) .FMT3U3)

k 
S 
b 
7 
B 
9

10
11
12
13 
U
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

59



JrtTA FMTA/IH «JH«I3,1H(«1H) *3H«3Xf 3MJH*/
JATA FMTPl/3HPSH*4MKSATf lMRGF,4HBMSN.3HEVC.2HRRf3»lOR'»lt4Ht3Xf t3M!M*

/
«4H*I3**4H3X«F*4H12«6«4H*3X*«2HA4*)H *1H »1M)/ 

JtTA MN/0.31*59.90.120tl5ltlBlt212i243t273f304*334*3&9/«WMX/0,0/ 
JATA H3/0/«FLA&/l/,01/0/t JOUT/4HLISTt 4H N3/.Q3/0.0/«i»RV/0.0/ 
IMTA OF/1.0E*50/*Bl/0.0/»92/0.0/»PCCN/0/»DCCN/0/«UPO/0/«U03/0/ 

C INITIALIZE DIMP TO ZERO 
90 30 J«l*2 
JO 10 K»l»3 

10 4AT(K.J)cO.O
UO 20 1*1*9 

20 JmP(l*J)*0.0
30 CONTINUE

C JULIAN DATE FOR JAN. 1 Of EACH TEA* 
C STARTING FROM JA*. It 1901

YN<1)=0
JO 40 1=2*84
rN(I)*YN(I-l)*365
IF (MODU-1.4) .E.Q.O) YN(I)«YN(I) *1

40 CONTINUE
INITIALIZE TO ZE*0

SO I=lt7200

DO 60 1*1*12 
60 IKR(I)»0.0

NOAYcO
DO 70 I>1*7200 

70 U0(!»0.0
00 80 1*1*1000
3P(I)«0.0 

HO i>t (1 1*0.0 
C OPTIONalOUTU) LISTS INPUT DATA.

4LAD (5*2020) OPTION. OPTtNOPTl
IF (NOPT1.EQ.O) 30 TO 100
4tAO (5*2000) (14RU),I»U12)
JO 90 1*1*12 

90 lNR(I)»IRR(I)/7.
-HITE (6*2010) (IRR(I) *I»l*12)

C READ-IN STA.NOS. AND NA4ES*DA*U*IT TIME* BEGIN AND END 
C DATES. STATION NUMBERS READ 2A4 FOR IBM ttORO SIZE. 

100 4£AD (5,2040) ST401.STAOtTlTLO.OA
*tAD (5*2040) ST4P1 ,STAP,TITLP
 4tAO IS. 20*0) ST4E1.STAE. TITLE

(5*2060) BYR«BMO*BOY«EYR*EMO*EDY 
INITIALIZE

N0»0*0
00 110 1*1*115
NOJO(I)»0 

110 NOUP(I)cO 
120

PCCN«0

IF (NRG.GT.l) NRITE (6*2510) 
NUOD'O

(5*2050) STAUPl«STAJPfTITLUP*»TIXE 
C DETERMINE JULIAN DATE FOR dESIN AND END DF RECORD. 
C DATE'1 FOR JAN. 1, 1901

(MOO(8YR*4).NE.O) GO TO 130

6?
63
64
65
66
67
68
69
70
71 
7? 
73 
7*
75
76
77
78
79
80
81 
B? 
B3 
04

06
87
88
89
90

9?

94
95
96
97
98
99

100
101
102
103
104
105
106
107

109 
HO
111
112
113
114
115
116
117
118
119
120
121 
12?
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IF- (BMO-2) 130*130*140
130 LtAP=0

TO 150
UO
ISO JATERF=YN(9Y*) *MN(9MO) »B)Y»LEAP

IK (MOO(EYR,*) .NE.O) GO TO 160 
U (EMO-2) 160*160*170

160 LtAP=0
TO 180

170 utAP=l
*MN(EMO) »E3Y*LEAP 

CALCJLATE NUMBER OF DAYS OF RECORD

(6*2070) STADltSTA3.TlTLD*STAUPltSTAjPf TITLJPtSTAPl,STAP,UT
KH.STAE1.STAE* TITLE. DA .PT iMEt BM0.63Y t BY«tO*TERF   EMOt E3Yt iY^ 

C COMPJTE TINE PARAMETERS
C NDAY IS SET TO STARTING TIME ELEMENT FOR A RAIN GAGE 

PUEL=PTIMfc./l**0.0

dTIME=PTIME

JtO*DPD

C READ IN 3ATA FRO* A CA4D
C PERFORM EDIT CHECK ON STATION N0.« UNIT TIME* AND

123 
12* 
125 
I2e> 
127 
12B
129
130
131
132
133 
13*
135
136
137 
139 
139 
1*0 
1*1 

VL»AYsNUPD»ND£LS»(NRG-l
1*3 
1** 
1*5 
1*6 
1*7 
1*8 
1*9 
IbO
151
152
153 
15*
155
156
157
158
159
160
161
162
163 
16*
165
166
167 
16B 
1<>9 
HO 
1 ? 1 
H2 
173
I 7 * 
1 7 5
1^6
177

TO 250 178 
2*0 IK (CN.LE.PCCN) 30 TO *30

PCCN«CN 180 
C NDAY IS NUPD*NOELS*<NRG-1) MITH NR3 UPDATED EACH GAGE READ 161 

250 K*OAY«NDELS»(NUPD-1)*12»CN»NDAY 
KK«K*OAY-ll

61

CHRONOLOGICAL SE3JENCE OF CARD 
ENTER DATA INTO ARRAYS ACCORDING T3 CODING 
CHECK LAST FOUR CHARACTERS OF STATION NOS. ONuY 
DATES FOR CODES 1 AND 2 

IF (OPTION. EO. IOJT( 1) ) M?ITE (6*2510)

190 3EAD (5.20BO) ST A 1 ,STA * Y* , MQtOY »CT tCN* ( X2 ( I ) * I«l 1 12» * CODE
IF (COOE.E0.8) SO TO 120
IF (CODE.EO.*) l>3 TO 320
IF (HOO(YR,*) .Nt.O) GO TO 200
IF (MO-2) 200*200*210 

200 LEAP*0
&U TO 220 

210 LEAP-1 
220 JATE*YN(YR) «MN(MO) «DY«LEAP

IF (COOE.E0.2) GO TO 270
DATA ENTRIES FOR CODE 1

IF (STA.NE.STAJP) GO TO 430
I* (CT.NE.BTIME) GO TO 430
IF (DATE-JPD) 430*240*230

230
>Jl)ATE(NUPOt 1)«DY 
NL)ATE(NUPD*2)«HO 
^UATE(NUPD*3)«YR 
^OJP(NUPO) -DATE



1=0 18*
00 260 K*KK.<4DAY IBS
1 = 1*1 U6
*<MI)*X2( D/100.0 187

260 JHR(K»»X2d) 188
IF (OPTION.NE.IOJTUM 63 TO 190 Itt9
  KITE (6*2090) STAUP1*STA,YH,MO«DY«CT»CN. <X2UJ *I*1*12) *CU3E WO
ou TO 190 m

C DATA EMMIES FOW CODE 2 19?
270 U (STA.NE.STAO) GO TO 430 1*3

IF (CT.NE.dTlME) 63 TO 430 194
IF (DATE-ODD) 4JO.290*280 195

2bO N09D=NUDD*1 196
^OJO(NUOO)=OATE 197
JUO*OATE 198
OCCN=CN 199
jO TO 300 200

290 IF (CN.LE.DCCN) 30 TO 430 201
JCCN=CN 202

300 «OAYsNDELSMNJD3-l>*12»CN 203 
C ENTE* DATA INTO ARRAYS ACC3WDIN6 T3 CODE TYPE 204

KK*K4DAY-11 205
1*0 206
DO 310 KsKK»<4DAY 207
1=1*1 208

310 dU(K)aX2(I) 209
IF (OPTION.NE.IUJT<1» 60 TO 190 210
tfrtlTE (6*2090) STADl*STA*Yrf*MO*l>Y*CT*C«*<X2<I)*I*l«12>*COOE 211
30 TO 190 212

C DATES FOR COOES 3*4 213
320 -*tAO (5*2100) STADl*STA*YR*MO*CN*(X2(J)*I*ltl6>tCODE 214

U (CODE.EQ.9) 60 TO 440 215
IF (COOE.EQ.4) 03 TO 340 216
DO 330 1*1*16 217 
IF (X2(I).6E.IRft(MO).OR.X2U>.LT.O.O) OOT3330 218
A<MI)cIRR(MO) 219

330 CONTINUE 220
340 CONTINUE 221

IF (OPTION.NE.IOJT(1)) 63 TO 350 222
 KITE (6*2110) STADI*STA*Y**»«O»CN.cxzm,i*i*i6)»COOE 223

350 CONTINUE 224
LtAP*0 225
IF (MOO(Y«*4).EU.O) LEAP^l 226
IF (CN.LT.2) 60 TO 370 227
JATE=YN(YR)»HN(MO)»17 22B
IF (MO.LE.2) 63 TO 360 229
J*TE»OATE*LE4P 230

360 llsYN(YR)*MN(MO*1)-OATE*1 231
IF (HO.LE.l) 60 TO 390 232
1I»II*LEAP 233
6U TO 390 234

370 OATE*YN(Y«)*HN(M3)*1 235
IF (HO.LE.2) 60 TO 380 236
DATEsDATE'LEAP 237

380 Ii*U 238
390 IF (CUDE.EQ.4) 63 TO 410 239

C DATA ENTRIES FOR CODE 3 240
IF (STA.NE.STAP) 60 TO 430 241
IF (OATE.LE.3PO) 60 TO 430 242
OHOeOATE 243
IIsII*OPO-OATERF 244
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XK*DPD-DATEHF*1 245
1=0 2*6
jo *oo K=KK.II 247
1 = 1*1 248

CHEC* FO* GAP IN DAILY WECDHQ 2*9
U (X2(I> .NE.99.99) GO TO 400

IF THErtL IS A GA? SET JP INDICATORS FOR THIS 2bl

	253 
X<MI>=0.0 2b4

400 DH(K)=X2(1) 255
ou TO 320 256

C DATA ENTRIES FOR CODE 4 257
410 IK (STA.NE.STAE) GO TO 430 2b8

IK (OATE.LE.OEO) GO TO 430 259
JtO*DATE 260
II=II»DED-OATE3F 261
<K=DED-DATERF*1 262
1=0 263
JO *20 K=KK»II 26*
1=1*1 265

*20 UL(K)=X2<I) 266
oo TO 320 267

c PHINT CA^O WITH INCONSISTENT DATA 268
430 NKITE (6*2120) STA,STAP.DATE*0?0»CDOE 269

**0 CONTINUE
I.\3P(KP*1 )*H*1
1=0 273
J=l 27*

CrtEC< FOR INPUT DATA ERRORS 275
L=NOUO(1) 276

277
278

IK (OPT.EQ.l) GO TO 480 279
IK (L.EO.H) 30 TO 460 280

450 WHITE (6*2130) K*L*M
STOP 282

*60 00 470 K»OATEHF,3ATERL 283 
1-1*1 28* 
IK (OP(I) .GE.0.0) GO TO 470 285 
IK (K.NE.L) 30 TO 450 286 
IK (K.NE.M) 30 TO *50 287

288

H=NOUP(J>
*70 CONTINUE 291 

C   INITIAL OPTIMIZATION ROUTINE * 292
*80 JO 490 I«1.3 293 
490 J(I)«0.0 294 

(5.2140) EO.FO.K.EPSLN 295
296
297

IK <EO»GT.7) NPA-?«2 298
3o 500 I»1.EO 299

500 4k.AD (5*2150) X ( I ) ,G ( I )    «< I ) 300
«EAD (5*2360) (0»TNO(I) *r«itFO) 301
IFOP1»FO*1 302
Qo 510 I*IFOP1»EO 303

510 3PTNO(I)«0 304
C SET *AXI«IU* THYCT 305
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670 IF (TWYCT.NE.NO GO TO 680 428 
tfU TO 640 '- '  '- 429

b«0 IHYCT*TRYCT*1 430
431

It- (NO.EQ.FO) SO TO 690 43?
433 

bu TO 700 4J*
690 ^J*l 435
700 JO 730 1=1. FD 436 

^=OPTNO<I) 437 
IFO=FO»I*NO 438 
XA = X(K) *AUF3»»A(NO) 4J9 
If (XX. Lt. S«» .03. XX. GE. -HO) SO TD 710 400 
*(O=XX 
v>0 TO 730 442

710 u=2»EO 443 
U (I.EO.l) 50 TD 740 444 
11=1-1 445 
Jo 730 IJ*1,II 4*6 
IKIIM-IJ *47 
<=OPTNO(ia> 448

449
720 »(K)*X(LK) 450 

bO TO 740 451
730 CONTINUE 452

bU TO 1360 453
C COMPUTES BACK STEP LENSTMiriHE* MEM OBJ. FCT. > OLD) 454

740 IF <THYCT.NE.NK) 60 TO 730 455
456
457 

iO TO 1360 458
C COMPUTE M XT BAC<*AHD STEP SIZE 459 

750 A(^0)s-0.5»A(NO)
C E(l)=l IMOICATES PARAMETER VALUE C-tAMQEO SY BACKMA40 461
C STEP SU£ 

c(SO)=E(NO)  !
C DETERMINE IF BOT-t dACKMARO AND FORWARD STEP SIZE 464
C AOJUSTM6.MTS FAILED TO IMPROVE 08J. FCT. 465 

i)U 760 1*1. FD c
LJ*E(I)4»F(I)

IF (LJ.LE.O) 60 TO 670 468
760 CONTINUE 4fc9

C VECTOR 04THONORMALIZED MHEN IPEF.6T.O FOR ALL I 470
DO 770 I»1.FD

A(L)*D(FO)»A(L>

IF (FO.EQ.l) 60 TO 780
LJsFO-1 476
JO 770 LK*l.tJ 477
J<i«FO-LK
L*K*J2

770 A<L)*D(J2)»A(L)*A(L*1» 48 °
C NORMALIZE VECTOR LENGTHS TO 1.0 481

780 dD«0.0
JO 790 1*1. FD
LJ*FO»I*1 484 

790 dU*A<LJ)»»2*aO
dl«SORT(BD)
1)0 800 I»1.FO 487 

l

66
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1020

1030 

10*0

1050
1060

1070
1080
1090

1100
1110

CONTINUE
NLsNL*5*NOX«)
IF (NL-MAXL) 1040.1030.1030
CALL PA(iE

1UO

1130

1UO 

1150

1160

1170
1180

1190

<6.<»320) 
«*ITE (6.2330) 
CONTINUE 
IF (NHG.EU.3) 1,0 TO 1090

SLT TMEISSEN COEFFICIENTS rO« JNUStO RAIN GAGES TO ZERO 
NK31sNRG*l 
JO 1040 JsNRal.J 
JO 1070 KM.NSEb

CONTINUE 
CONTINUE
IK (NL-MAXL'10) 1110,1110,1100
CALL PAGE

SET-JP KINEMATIC MODEL PARAMETERS 
CALL AM

SET-JP COMPUTATION SEQJENCE
CALL SEU (DA.DIMP)

StT-JP OJTPUT SEQUENCE

JO 1130 Isl
IK (IPR(I)) 1130.1130.1120

SLT-OP INDICATORS FOR SEGMENTS «IT<( PRINTED OJTFL04 
NOJT«NOOT*1 
JOJT(NOOT)>I 
SbG(NOOT)*ISEb(l)
CUNTINOE

INITIALIZE
JO 1UO III*l*Nft3
IMPSTOCIIIXO.U
NUFE*1
11 = 1
JU 1150 1*1, bO

FVOL(I)*0.0
  STORM ANALYSIS   (PEAK, BASEFLOtft VOLUME)
NOAY IS SET TO NJMdER OF TIME INTERVALS FOR A RAIN GAGE

NOAY*NUPD»NDELS
CONVERTS INCHES TO CFS

FOK EACH SET OF EVENTS. THE NO. OF EVENTS IN THE SET 
IS ENTERED FOR AS MANY TIMES AS THERE ARE EVENTS IN THE 
SET. A SET OF EVENTS CONSISTS OF A FRACTION OF A DAY OR 
A SERIES OF CONTINUOUS DAYS*

 4EAD (5,3360) I , <NF < K ) t K«1 1 1 )
 KITE (6,2*80) 1, (NF(K) ,< !,!)

BEGIN ANALYSIS Of * SET OF EVENTS 
DO 1170 1*11, NUPD 
<1T*(I1-1)»NJEL5
IF (NOUPCI*!) .NE»(NOUP(I>*1) » GO TO 1180 
CONTINUE 
NFJUNF (NOFE)

11*1*1
BEGIN ANALYSIS 0? A STORM 

4LAD (5,2030) KS »K£ , IPL < NOFE ) , VOLI

611 
61?

615

617
618
619
610
621

626
627 
629 
629 
6JO
631
632
633
634
635
636
637
638
639
640 
6*1 
6*2 
6*3 
6** 
6*5 
6*6 
6*7 
6*8 
6*9
650
651
658
653
654
655
656
657
658
659
660
661 
66?
663
664
665
666
667
668
669
67
671

69
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/BMSN2
1400

INITIALIZE VARIABLES
JO U20 NP*ltNPA* 
JO U10 IM.^RS 
brtSBU iNP)*0.0

1410 dMSBd »NP)*0.0
1420 CONTINUE

BEGI* SIMULATION

NFD*0

JO 1920 IK*]

lM«.faT.rtODYS>) l>0 TO 1920
FOH t»AP IN RtCOHl), INITIALIZE SOIL MOISTURfc TO 

it- <«.NE.1NOPUP) ) 00 TO 14*>0

 -INQP(LJ)

00 1440 NP*ltNPAA 
00 14JO LJ*l«NHb 
dMbB(LJtNP)vO.O

1430 bMbBtLJ»NP)«0.0
1440 CONTINUE
1450 CONTINUE

IF (NPAH.LQ^) Pri2*HR2*UP<«>

IF (NPAR.EQ.2) LT«2«EVC2»Dt(M)
it- (PW.LT.0.0) l>0 TO 1720

C IF FL*b»0, COMPUTE SIMULATED VOL. AND PEAK FLO*
c IF FLAG*I* DO DAILY MOISTURE ACCOUNTING

IF (FLA6.NE.O) bO TO 1700 
C SET-UP FOR ROUTING THE GENERATED EXCESS PRECIPITATION

NFD1*0
NFO«NFO*1
KiNlT*!

NL*100
IF dl.ttT.NOFt) GO TO 1660
ICT'O
IF (iMYBdl) .EU.0.0ft.B3»EU.O) 00 TO 1500
14*0
JJ*NF(!!) (2B8/OEL5)
00 1470 I«1,JJ

1460

1470
1480 KtAO (b*2390) ICOOE^JJJ*

UO 1490 1*1*10 
UlH(JJJ)*A2(I)

1490
IF (ICOBE.EQ.O) bO TO 1*80 
1->«JJJ

1500 CONTINUE

822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847 
84B
849
850
851
852
853
854

72

794
795
796
797
798
799 
BOO 
801 
602
803
804
805
806
807
808
809
010
811
812 
812A
813
814
815
816
817
818
820



IF
HKsO 
UKS-NFS(Il)

.EQ.O) KINIT»0

U2=ll*NOFt
HOUTE EXCESS PPT. FOR A STOHM 

UO 1560 I = UKStlJK 
iF (UNE.UKS.OH.NFOi.Nt.O) GO TO 1510

IF 
1510 CONTINUE

UU 151U NRGIMtNRG 
PbUN<lltNK(iI)sPbJM(|ltNR&I)*PUtNRGJ)

IF (NPAM.NE.l) PSUNtIU*NRbl)«PSUN(U2*NRGI>*P(Kl>r»NRGI) 
C INDICATOR TO BtGjN ROOUMb ONCE EXCESS PPT. OCCURS
IbiiO IF (P(ItNHGI) .NE.O.i) KH*l

C 00 NOT HOUTfc IF PAHAHtTtH AOJw»STl4t^T HAS NUT TtHMlMATCD 
C OH Dfc. TAILED OUTPUT NOT PRINTED FOR STOH* 

IF (BJ.fcU.O) GO TO 1550 
IF (KOUT(Il).EU.O) 00 TO IbbO 
IF (Ktt.fcU.O) GO TO ibbU

P<ItIU)*ExeiSS PPT, OURlNtt I 5-HlN. TINE PER100 
FKOM UI GAGE 

DO 1530 NHGI=liNrtG
XOUTE IF DISCHARGE FOR HOST DOHNSTHtAH SEGMENT iS NOT 0 
OH IF EXCESS PPT* > 0

it- (QlNfi.NE.O.O.OR,»MitNRGi).NE»0»0! 50 TO 15*0 
1530 CONTINUE

bU TO 1550
1540 CONTINUE . , _. . 

IF (ICT.Erf.O.ANU.lPLUn.EW.n AOZ« (J-JJKS) /OEU5 
CALL HOUTE (33) 
IF (8INB.GT.UMX) UHMOIND
tCOHp SECOHP*5.0^ -MCTHtJ| UH NQT AT tNO QF JNIT. T ,^ INTERVAL

1550 U=U*1
IF (IJ.EU.DEL5P) IK*IK*1
IF (IJ.EU.UEL5P) I4«0
if (IJ.EU.OEL5P) U«l 

1560 CONTINUE
IF (KOUT(ll).EU.O.OR.b3.Ea.O) GO TO 1600
IF (N08.EU.O) 60 TO 1580
00 1570 JJ»ltN08

1570 -HITE (6t2470) ISEGtKb)tSNAX(R5> 
1580 IF (N09.Ed.10) viO TO 1600 

UO 1590 JJJ»lltN09

1590 MKITE (6t2470) ISEG1K5)tSMAX(K5) 
1600 CONTINUE

IK (B3.EU.O.O*.1PL(11).fcQ.O) GO TO 1630
-KITE
IXsU(l)
ir=odcT)
XHIN>1X

Bb5 
8b6 
B57 
bb8
859
860
861
862
863
864
865
866
867
868
869
870
871 
87? 
873 
87%
875
876
877
878
879
880
881
882
883 
88%
885
886
887
888
889
890
891 
89?
893
894
895
896
897
898
899
900
901
902
903
904
905
906

. 907
908
909
910
911
912
913
914
915

73



AMAXslY'l.

IK (QMX.LT.FPK(ll) ) YMAX>F^K(I1)
JJJsYMAM/10
YMAX=( JJJ»1.)MU»

IF PLUlUNG HUUTlNt MOT ACCEPTED BY COMPUTfcH
PULL OUT NfcXT 11 STATEMENTS (A 923 THHOU6M A 9J3) 

CALL PLUT> (lMAb£»XMAX»XMINtYMAX»0.0«6) 
CALL PLOTJ (1MC.U,R»ICT) 
iF (OPT.tU.l) bU TO 1620 
JJ=0
L»v=Kl (I1MAD2 
LJ*K2U1)
uu ibio KUSLK»LJ

1610 *( JJ)sUB(Kvi)
CMLL PLOTJ (1HO»3.R*ICT) 

1620 CA L L PLJT4 (U.llHFLOW IN LFS)
1630 CONTINUE

C INITIALISE VAMUdLtS
C CUPY SIMULATED FLOUU VOLUME AND PtA*
C FUN I-TH EVtNT I^TU STOMAttE AHRAYS SFVUL AND SFfK.

1640 UCHsUCtt»DlMP(LJ»l>*PSUM(Il»LK>»DIMP<LK»l)*i>IMP(UtLK)*DJMP(LJt2)*P 
12»LK) 
(II) *UC*/ (6280< 0»!>2»0 .0»OA)

IF (TESTNO(Il) .NE.l) 60 TO 1660 
IF (SFVOL(Il) .E0*0) GO TO 1650 
IF (FVOL(I1)*LU.O.O) ttO TO 1650 
J2sU2»ALOb ( SFVUL (II) /F VOL (ID) »*2

1650 IF (QMX.EU.O.) bO TO 1660
IF (FPK(Il) .£Q.U.O) 60 TO 1660 
Jl»Ul»ALUl»(QMX/FPK(il)

1660 11*11*1

IF HAVt ANALYZtO ALL EVENTS Of SET OF EVENTSt C*0 TO 1680 
IF (NF(NFO) .NE.NF01) 60 TO 1670 
IF <MOO( I*-l .NULLS) .£U.O) i>U TO 1680 

IK-1) /NOELS

bU TO 1*«0 
U70 1JK«IJK*1

UKS'NFSdl)
C IF NEXT STORM DOES NOT BE6IN IMMEDIATELY AfTEH LAST 
C STURM, SET KINIT «1 SO SUBROUTINE INIT MILL IE CALLED

IF (UK.Nt»IJKS) KINIT»1

liU TO U60 
1680 NFD*NFD»NFD1-1

IF <«.&T»h(OOTS) bO TO 1920
FLA6«1
Cri6«l
UU 1690 I11«1,NHS 

1690 1MPSTU(I11)*0.0
DAILY HOlSTWHt. ACC HUNT ING

DETERMINE IF MOISTURE EXCESS 
1700

DEFICIENCY OCCURS

If (NPAH.E3.2) 1NC2«P*2-ET»2

916
917
918
919
920
921 
9<!2
923
924
925
926
927
928
929
930
931
932
933
934
9JS
936
937
938
939
940
941
942
943
944
945
946
947 
94H
949
950 
9bl 
9b2
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967 
9b8
969
970
971
972
973
974
975
976

74



(NP.fc.Q.2) OrtAlN»BRAlN2

if- (K.GT.rtOUYS) GO TO 1V10

1710 Ul»ltNK& A 977 
CALL D*N (SMSd(III,*)tdMSa(iI!*n*lNC»DrtN24»ttNSN) A 978

(NPAK.LU.2) CALL US* <S"i8(11112)tttttSiHIII,4)»INC2»DNN242»B*SN2 A 979
' 980

CONTINUE
C FiNlSMtO *ITH OAY

l»U TO 1920 A 9B3 
C ttt6lM UNIT-TINE SIMULATION * 984 

1720 fLAG^U ' * *B5
986

1910 NPMtNPArf * 9fl7
* 988 
989 
9*40

991
992
993
994
995

If (NP.EU.l) KINIT«KINIT*1 J 9^J 
1900 III*ltNH5 * I* 7

Wo 
999

COMPUTE SMS,dMS FOR AREAS FOR EACH RAIN GA6Ei SOIL TYPE A1000 
lIItNPI Al001
III.N.) Jiow

A1004
JU 1880 KK*KKKtK4DAY DJJ? 
IF (UPRUM.Lfc.O.O) 60 TO ittlO M007

	A1008 
i» (CMb.Nt.l) wO TO 1740 ?}???

C BEblN COMPUTATION 0-> INFILTRATION *\OIQ
C RtOETEKMlNE PS AFTt* BREAH IN RAINFALL *[°[1

PS*PSP«(HGF-CO£F«BMS) !!!?
IF (NP.fcU.2) PS»PSP«<M*6F2-COEF2»INS) *}°} 3
Crt6»0 AIOU

1730 CONTlNUt JJJJJ
C OtFlNt &-MIN. RAINFALL SUPPLY RATE JJJJJ

IF (SHS.Lt.0.0) GO TO 1740 I!!}I
C IF SATUKATEB /ONE t*ISTS IJJio

Frt«KSAT«(i.O*PS/SNS> t!!JJ
IF (NP.EU.2) Frt«<SAT2«CUO*PS/SNS) JJJ'J
GO TO 1750 *}?;;

C IF NO SATURATED ZONi EXISTS lino?
1740 FK«KSAT»(UO*PS/SR» lina?

IF (NP.EU.2) FH«<SAT2»CUO»PS/SH» JJ"*
C OfcTEHNlNE EICESS PPT. IN UNIT TINS J}0«
1750 UU 1800 NKL«ltOEL5 IIAP?

T0 17*° M028

T° ^ 70 IlSlo 
C PONDED CONDITION J}"°
17*0 yH«SR-F«/2.0 IJnii
1770 S«S«SNS*S«-QK ?:I!»;

C KOAY IS 5-NIN. INTERVAL IN A DETAILED STORM JIOJ3
*UY«KDAY lintt
iF (NP.EU.2) ROY«KD»*1728 !}niZ
P<KOYtIII)«Q« Iifti?
iF (NP.CU.2) 60 TO 4790 MOJ7
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CALCULATE 5-MiN ADDITIONS TO IMPERVIOUS 
IF (iMPbTO(III).EO.iMH) GO TO 1MO

iF (IMHbTT.&T.lMP) |MPSTT«IMP 
iMPHET<KJY,III)MMPbTT-HPbTO(III)

oU TO
1780 IMPHET(KOYtlll)»0.0 
1790 CONTINUE

MMY*KDAY»1
c SMS» NEH MOISTURE CONTENT OF SATUHATEO ZONE

1800 IF (NP.EU.2) FH«KS>AT«f»U.O*PS/SMS)
1>U TO lt»80

C UtPLtTlON OF SOIL MOISTURE BY ET 
C iNTEHVALb OF NO 
1810 COMTlNUfc

if (SMS.Lt.ETDtL) GO TO

UNIT-TIME

TO 1»JU

1830

ChECK Fort COMPLETE SOIL OHYING 
iF (dMS.LL.0.0) dMS»0.0

HEOISTNIBUTtON OF bOlL MOISTUHE MITM FLUri
SATUHATEO TO UNSATUNATED 

IF (SMb.Lb.O^AlN) GO TO 18*0 
bMS'SMS-ONAIN

dMb* NL» SOIL MOISTURE CONTENT OF JNSATURATLO ZONE
(>0 TO UbO

bnS'0.0
; OMAINAbL TO LOMEi« LYING ZONE 
UbO IF (BMS.GT.BMbT) BMb«bMbT

: BKEAK IN UNIT HAINFALL

NO EXCESS PRECIPITATION
HEMEMHErt KO*Y IS 5-MIN. INTERVAL IN A OtTAlLEO STORM 

00 1B70 NKL«1*UEL5 
KUY«KOAY
IF (NP.EU.2) ftOY*KDV*172B 
P(KOYtIII)»0.0 
IF (NP.E<ri.2) GO TO |BbO

CALCULATE S-MIN EVAPORATION FROM IMPERVIOUS RETENTION 
lMPSTO(III)«lMPbTO(iII>-£Tt>EL/0£L5 
iF (IMPSTO(III) .LT.«.0) IMPSTO(im«0.0

CONTINUE 
KUAYBKDAYM

1880 ENOS RAIN GAGt HI FOrt UNl T-HAINFALL PAY 
CONTINUE 
If UlI.Nt.NrtG) GO TO Itt90

I960 
1970 

I 
1880

COMPUU SMS ANO 8Mb FOR AHEAS COVERED UV EACH MAIN GA6E 
1890 bMSB(IIItNP)*bMb 

dMSB(IIl*NP)«BMb
1V10 ENDS UNIT-HAINFALL DAY 

1900 CONTINUE 
1910 CONTINUE

1920 tNUS ALL DAYSt ««1 i HOOYS

A10J8 
A10J9 
A1040 
A10M 
A104?

A1044 
A1045 
A1006 
A1047 
A 10*8 
A1049 
AlObO 
A1051 
AlOb? 
A10S3 
A1054 
AlObS 
A10b6 
AlObT 
A105B 
A10b9 
A1060 
AlOtol 
AlOb? 
A10b3 
A1064 
AlObS 
A1066 
A1067 
A106B 
A1069 
A1070 
A1071 
A1072 
A1073 
A1074 
A1075 
A1076 
A1077 
A107B 
A1079 
A1080 
A10B1 
A1082 
A1063 
A10B4 
A10B5 
A1086 
A10B7 
A1088 
A1089 
A1090 
A1091 
A1092 
A1093 
A 109* 
A109S 
A1096 
A1097 
A1098
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1920 CONTINUE

J(3)sUl*0.b*J2
  RITE HJUTINt *

U (RITE.NE.l) to TO
1C (KNN.tU.O) GU TO 19iO

  KITE (6*2400) 
00 TO 19*0

1940 WHITE (6*2420) O(NN>*UNNl*UNN2*(X{ 
19bO "KITE (6*2blU)

UO 1970 I*l.NOFfc
  KITE (6*2430) i*FPK(l> *SF»*MI)

L (6*2440) (Hl,PObS(I*Ill)*UI*1»NRG)

l*tO>

it- (FVOL(l).LU.U.O.OH.SFVOL(l).EU.O.O) GO TO 1*60 
VKsALOGd 

I960 CONTINUE

if (TESTNOU) .LW.O) GO TO 1970
 KITE (%

1970 CONTINUE

IVttO IK (B3.EQ.O) GO TO 590 
STOP

FORMAT tin ,39ritRROK IN SEGMENT DATA FOR TYPE is OR ib>
2000 FoMMAT (12F5.3)
2010 FORMAT (in *U*3bHO*lLY IRRIGATION LOADS IN INCHES ARfc/iH *2X«4HJA

 i2(iX«F5.3)l
(A4.2I1)

.2A4.5041/1H »20rtUNlT PRECIP. 
STATION .2A400A1/1M ,18 

ARtA«,Fb,2»BH SO.

2020
2030 FORMAT
2040 FORMAT
2050 FORMAT (2A**bOAl*F6*0>
2060 FORMAT (20x*JU.3x,3.i3)
2070 FORMAT (1HO.22HDISCHANGL STATION 

i STAT10M*2X*2A<»OOA*/1H *2«iMOAlLY
STATlON»*X.2A4.bOAl/iM *

 16HUNIT JATA ARt IN«F9.3*1BH MINUTE INCRtMtNTS/lH *29HTHE 
  PtRIOD OF RECORu IS FROM ,U,1n-,12,1H-,!2,bH (OAV«*I7»»H) TO .12.

»I7«1H)) 
.0*12)

(2A4,2I2,ll,ibF4.2,2X,ll) 
(in *2A4*2I3»12*16(1X«F4.2).13) 

2120 FORMAT I UX,4b.SX,AB.bX,l8.bX,lB.bX.ll)
2130 FORMAT (2x*20HtRROR IN UNIT DATA *3ib) 
2i<»u FORMAT (3U*F0.o)
2150 FORMAT (3F10.0)
2160 FORMAT (IN ,27ridOuNDARY CHLCK OF PARAMETER,13*jno.3)
2170 FORMAT (1N1*24H1NIT|AL PARAMETER VALUES/)
21BO FORMAT (///in *<>BHINITIAL STEP size INCREMENTS/) 
2190 FORMAT (ix*iOFi2.6)

FORMAT UN //In ,31nTnE MAX. NUMBER OF ITERATIONS* (14//1H .bBHlNJ 
AND AFTER EACH VECTOR MATRIX ORTHONORMALUATI ON./1M .40HTHE

2080 FORMAT
2090 FORMAT
2100 FORMAT 
2110 FORMAT

A10V9 
AHOO 
A1101 
A11U2 
A1103 
A11U* 
AH05 
AllUb 
A1107 
AHOB 
A1109 
41110 
Allll 
A1112 
41113 
A1H4 
A1115 
41116 
A1117 
A111B 
A1119 
A1120 
AU21 
A1122 
A1123 
AH24 
A1125 
A112b 
A1127 
A1U6 
A1129 
A1130 
A1131 
A1132 
41133 
AH34 
A113S 
A1136 
A1137 
AH38 
A1139 
A114Q 
A1141 
A1142 
411*3

A1145 
411*6 
411*7 
AH*8 
411*9 
A11SO 
Alibi 
A11S2 
A1153 
Allb* 
A1155 
Allb6 
Allb7 
AllbB 
All 9
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2210
2220
2230
2240
2250
2260
2270
2280
2290

FORMAT
f-UHMAT
f-OHMAT
F-OrfHAT
FORMA!
J-ORMAT
FORMAT
FORMAT
FORMAT

(in
( IH
(ih
( IH
(IH
(IH
(IH
( lb
(//

2JUO

2310

2320 
23 JO

PARAMETRIC VECTOR INCREMENT SIZE 1S.F7.3.19M OF THE VECTOR SUE/) 
.lbHAT ITERATION NO..I3i20M OBJECTIVE FUNCT 1UN«.F 1 1 .6) 
»<!OHPARAMETtR VALUES ARE)

INCREMENTS/ 1H t!3Fl0.b)

(//bOXtbHuEN^THtVXt^HROJGHNESS*19Xt21HTNlESSEN COEFFICIENTS 
SLdMENTtlX*! 7HUPSTHEAM SEGMtNTSt 3X . 1 JrlAiJJACENT SEiiMENTSt U»*HT 
iXtJHlPRtlXt JMNBX.lX.brl(FEET) t JX   bHSLUPE   1 X   VHPARAMt TER* U« 16H
PAWAMtTtKS. 14,4 ( iX, 1%) ) 

FoWMAT (in V 40HKOOTING IMTCHVAL FOK DETENTION RESEMVOJMt U»42H IS 
LAR6Et RLDJlt. TO A VALJE LESS THAN*Fb»3)

< lrtOi^X»lBMRESERVOIK SEGMENT ,A4) 
ruKMAT { IhO t bX   7HOUTF LOW. b*. 7HSTORAGE t5X, 1 OMS2/UT*02/<Jt // UX 1 3 <F».

«tF9.bt3X*4Hb2 **F9,b) 
t24HNEH ORTHONORMAL BAbIS J 
tlbFtt.5)
  J5H*TART Of STAbE STEP SUE 

 2F5.UtI5tF5.0) 
(//47Xt^OHNUMBER OF SEGMENTS ».Ib/bOX.4HOT «.F/.J,8H MINUTE

4i/4UXt<;bHuuTPUT SAMPLING INTERVAL ».Fb.2.m MiNUTES/48Xt22*NUMBER
3JF RAIN GAGES a »I2/4bXt2bHNUMBEH OF PARAMETER SETS *tI2/43X*22HlMP 
SLKVlOUb RtTENTlON *tF4.<f*7H INCHES)

2440 FORMAT (*A«,jl2.3F5.o»u»3Fb.o>
23bO FORMAT (2XtA4 t JXi3(lx.A4) *-U.4(U.A*) tI3t2l4*FB»OtF8»4t»-b»3t2F9»3*

23bO FORMAT <4oi2)
237u FORMAT <IH V 47HTH£ FLOOD EVENTS IN THE OBJECTIVE FUNCTION ARE )
2380 FORMAT <IH ,29niNpuT HYUROGRAPHS FOR STORMS »3ou>
2390 FORMAT (12.iJ.IOFS.J)
24eo FORMAT (iHOtiUt44HENu OF RUN--RESULTS OF LAST SUCCESSFUL TRIAD
24iu FORMAT (iHiooxti8HbE6jNNi«G OF STAGE)
2420 FORMAT (IH 120HOdJECTIVE FUNCTION «.EU.7,J4H WHICH IS A ROOT MEAN 

4 ^UUAKE fc.RRORtt9.3t4H TO*F9.3/1H *20HPARAMETER VALUES ARE/lH t7Fl

2430 FORMAT (iHOt3bnoLTAiLEO DISCHARGE FOR FLOOD NUMBER tU/iH .25HOBSE
*HVtO PEAK DISCHARGE »»FV.?,4H CFS/lM   26HSIMULATEO PEAK DISCHARGE 
a».FV.£,»H CFS)

2440 FORMAT (in v 3iHodSEHvtu RAINFALL GAGE NUMdERt3d3t3H   tF9.3i7H

2450 FORMAT tin t24nodSEHVED DIRECT RUNOFF »tFv.j,?M INCHES/IN .
iuATED DIRECT RUNDFF *tF9.3t7H INCHES)

2460 FORMAT (In ,35H(.ONTRlbUTlO* TO OdJECTlVE F JNCTION* tE10» J) 
2470 FURMAT ( IhO t 40HMAXIMUM STORAGE IN DETENTION RESERVOIR »A4.*H

AFa,3tlOM CFS-HOURS)
24uo FURMAT (in IVHTHERE A«t»u.JiH FLOOD PEAKS GROUPED AS

2490 FORMAT (1H t*HSTORM NU»tI3t22H STARTS AT TIME PERIOOi ibt 12H AND EN 
iU* AT»It>)

2boo FURMAT (iHO»27HDETA|LED OUTPUT FOR STORMS
2blO FURMAT (1H1)

SodROUTiNE ROUTt (9J>
RUUTlNb ROUTINE dAbtL) ON SCHAAKE KINEMATIC HAVE MODEL

INTEGER BJ.OLL^MOUT 
J1MENSI9N QOJTOO)
LOHMON XC1/ MStbtlSEG(dU) tlUP(60»3) tNPARtKPSET(bO)
COMMON /C^/ ML*NPAGE
CUMMUN /C3/ IPRNTtT»AR(t»0*il) tFLGTH(SO) tKSEO(5U) tNDX(bO) .Ul (50) »U2 

* (30) .UbOH(DO) . JbJML(50) .STOOD)
LUMMON /C4/ UELbtMAXLtUCrf,uLA1tILAT(50*4)   I TEST 150)   I T YPE (50) t JLAT 
iOOt4) t JUP(50*J) tP(34bb«3) tPARAM(50t2) tRCOEF (50* 3) tUPR ( ^200)

A1160 
Alibi 
AU62 
Allb3 
AU64 
AllbS 
Allbb 
AU67

Allb9
A1170
A1171
All/2
AU73
A1174
A1175
A117b
A1177
A1178
A1179
All&O
Alibi
AU62
A1183
A1U4
A1185
Allttb
A1187
A1U8
A1189
A1190
A1191
A1192
A1193
A1194
A1195
A119b
A1197
A119B
A1199
A1200
A1201
A1202
A1203
A1204
A1205
A1206
A1207
A1208
A1209
A1210«
B 1
d 2

3
4
5 
b
7
8
9

10
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COMMON /CO/ JT.UTS.QUH.UKOU) B 11
COMMON /CI/ tCOMP,J»KINiT»NOUT»NNG»OSitJOUT(bOJ  QlNUtKAT (J.<») B 18
LUMMON /Cd/ I2tllf I*tT*YCTt*OUT(bOJ tSEGibO) B 13
COMMON /Fl/ ICI «J(172B) »*U72BJ tiPLtbO) B U

IF AT BE&lNNlNb OF STORM, INJTULUE CATCHMENT d 15
II- (K1NIT.NE.1) *0 TO 10 B 16
MAXLsbb U 17
CALL 1NIT U 18
VL=100 B 19

COMPOTE OUTFLOW . HYuKOtirtAPHS FOR EACH StGMENT B 40
10 CALL FLOW tt 21
20 I*" (IPrtNT*OSI-T) 40»40»JO d 22
JO U (T-ECOHP) 1U.90.VO B 43
4»0 TUi)T = I^hNT«ObI B 2%

b«(TOOT-(T-OT) )/JT B 25
DO 60 jBltNOJT B 26
R S JOUT(J) B 27
^UUT < J)»U| IK) » <U<MK>-U1 <*) )*d B 28

bO !)  (K.Ey.KSE&lNbtG) ) UlNa»UUUT(J) B 29
it- (NL-MAAL«J) 70t7tt*bO H 30

60 CALL PAQE. B 31
 KITE (»tioo> lit (stG(J) fj»UNOUT) B 32

70 XL»NL» (^UUT-1) /10»1 B 33
MOUTsl/dBtf b 34
MOUTsMOUT*28d B 35
FojT=( (I-MOOT»«b.)/60. B 36
MrtlTE (fttllO) TOUT.I. (QOJT (J) .J»1»MOUT) B 37
U (IPL(Il) .NE.l) 60 TO 80 B 38
iLT»ICT»l . B J9

	B 40

	B *2
bO CUNTlNUt B 43

IH*NT«I»KM»1 B **
i,0 TO IV B 45

90 CONTINUE B 46
HtTJHN B *7

C 8*8
loo FONMAT (BX.UHFLOOD NUMBER. i3//u,*HTlME.vx,iHit6x,32HooTFto« NYOK B < *

iUuRAPHS (IN CFS) /7A*bH , 1 OX 1 1 0 ( 6X t »*) / ( 1 9H t A*. ̂  < 6X t A* ) ) ) B 50
110 FORMAT (bA*F7.2t2XtIb«?XtlUMO..*/(22XtlOF10*3)> B ^1

tNO B 52-
bOBROOTlNE OSM (SMS»bMS.lNt»OHN2*.lJMSN) C 1

C THIS SUBROUTINE JOtS SOIL KOlSTaHt ACCOUNTING C 2
C ON DAYS OF DAILY RAINFALL* IT AOOS OAlLY HAiNFAUL TO SMS, C 3
C SUBTRACTS £T FHOS SMS OH (IF SMS«0) FROM BMS* AND C «
C DRAINS b*4S 00«N*ARU TO BMS C 5

RLAL SM^tBMStDHN24ttNCtBMSN C 6
it- (INC. LE. 0.0) 60 TO 10 C 7

C AUO EXCESS MOlSTJHt TO SATURATED ^QNE C B
SMS»SMS*INC c *
k»0 TO 39 c 10

C DEDUCT MOISTURE OEMCItNCr FROM SATURATED ZONE C 11
10 1> ( (SMi»lNC) .GE.O.d) &0 TO 20 C 12

C EVAPOTrtAMSPSRATlON FROM UNSATUMATtD ZONt C 13
BHS»BMS»SMS»INC C U
SMS»0.0 C 15

C CHECK FOR COMPLETE SOIL DRYING C 16
U (BMS. LT. 0.0) dMS-O.U C 17
uo TO 3| C 18

C EVAPOTHANSPIRAT13N FROM SATURATED ZONE C 19
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20 bHi=SMb*INC C 20
C NtDIbTrtldUTION OF bulL MOISTURE MlTH FLU* f MOM C 21
C bATUHAFtD TO UNSATUWATEO ZONE C 22

JO iK (bMb.LL.DHNl*) 30 TO 40 C 23
C MOISTUrtt IN SATUMAltO ZONE ABOVE MtLD CAPACITY C 24

	C 25 
	C 2b

bo TO bU C 27
SATUrtATtO ZONt COMPLETELY OEPLETEO C 28

40 dMS«BMb*bMb C 29
dMS= NLM MOISTURE CuNTENT 3F JNSATjHATtU ZONE C 30

brtb=0.0 . C 31
ONAlNAbt TO UttPEH LYING ZONE C 32

50 IK (BMb.Gr.BMbN) BMb^dMb^ C 33
KtTUWN C 34
tut) C 35*
bUdHOuTINfc. FLO* 0 1

This SUBROUTINE COMPUTES SEGMENT OJTFLUHS AT T»UT U 2
rttAL ISEGtlUPtlLAT 0 3
NtAL INI»1N2 0 4
iuTEGEM OtL5 0 5
JiMENblttN XA(ll)t XU(ll) 0 b
COMMON /Cl/ NStotISEG<bO)tlUP(bO»3)»NPA»«iK9SET(bO) D 7
COMMON /CJ/ IPHNT ,T.AH(bO,ll ) »FLbTr»(50) .KbEG(SO) ,NOXOO) tOl (50) tU? 0 8
i(bO)tUbUM(bO)tUbJML(SO)tSTO(50> U 9
COMMON /C*/ OtL3.MAAL.UC*,JLAT.lLAT(50,*).ITEbTOO).ITY^E(bO)tJLAT 0 10
i(bOt4)»JUP(50,J)tP(i7bb»J)tPANAM(bO,2) RCOEF<50*3)»UPK(4QOU) 0 11
COMMON /Cb/ ALHriA(Se)ttM(SU)»FMN(bO)fttMAX(SO)*SLOPt(5U) 0 12
COMMON /Cb/ DTtOTStUUHtUXOO) U 13
COMMON /C7/ ECOMPtI»KlNIT»NOUT»NHG»OSUJOUT(50) »QlNO»«4AT<3f2) 0 14
COMMON /Cd/ 12tiltIKtTHYCTfKUUT(bO)»S£G(50) U IS
COMMON /CV/ I3»l4tOiH(40l»)  HTIMtvlHYO(bO) »IJ»IP 0 lb
COMMON /E2/ bMAA<50)tlN2(50)tiNl(bO),5202(30) 0 17
COMMON /EJ/ OELTAT,NOd»US(bO»ll) 0 U
T=T*OT 0 19
JO 140 NbG'ltNbto 0 20
1*KSEG(MSG) 0 21
IK (ITYRE(K).GE.7) &0 TO 40 0 22
N*NOX(K)*1 0 23
At.P>ALPMA(K) 0 24
orsX»OTS/OX(K) 0 25
XtM*EM(&)-l. 0 2b
VtM>EM(&) D 27
CALL UP (K) 0 28
CALL LAT (K) 0 29
Mil (K)sQd(K) 0 30
ALAT«ULiT«OTb 0 31
XU(1)«QUP D 32
AA(l)s<8UP/ALP)*»(l./YtM) 0 33
00 20 J«2tN 0 34
IF (AH(KtJ).LE.O.) WO TO 10 0 35

it- (THETA*LT*1) dO TO 10 0 37
A-M J)sXy(J-l) *(ALAT»Art(K, J-l)-XA(J-l) )/l)TSX 0 38
AA(J)s(iu(j)/ALP) 0 39
it- (XA(J) .LTtO.) XA(J)«0.0 0 40
it- (YEM.NE.l.) XA(J)«XA( J)»«(1./YE*I) 0 *1
bo TO 20 0 +2

10 AA(J)sA*(K.J)*ALAT*bTSX«(0*(KtJ-l)-QS<K»J)) 0 43
it- (XA( J) .LT.0.0) X*(J)-0.0 0 44
XW(J)«ALP*XA(J) 0 *5
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U (YtM.Nt.l.) Ay(J)cALH*(AA(J)**Y£M)
£0 LUNTINUE 

UO 30 J=ltN 
AH(K.J)«XA( J) 
Ub(Kf J)sXU(J)

jo CONTINUE

oU TO UU 
*o CALL UP <M

Ui(K)>Q2(K>
IK (ITYPE(K)-B) bOoOtbO 

50 CALL PULS (K)
l»o TO 1*0

60 IF (ITVPE(K)-V) 90.70f90 
70 lNlCK)

(K)
*AVlN»0£LTAT 

U<MK)sSTO(K) /PAHAMiKf 1)

(STO(K) .LT.SHAX(K) ) GO TO bO
(K) =STO«) 

BO bU TO UO
90 it" UTVPEU)-iO> 130flOOfl3U 

100 IF < IHYD< 1 1) .t J.O.OH.IP.3T.13) GO TO

IP»(I*OELb-IJ)/UEL5 
it- (IP.NL.n GU TO 110
J2<K) = <DT/PTIME>
Gu TO UO 

110 U^(K)
bu TO UU 

120 J<MK)=0.0
60 TO UO 

130 J^(K)
uo CONTINUE

END
SUBROUTINE LAT «)

C THIS SUBROUTINE COMPUTES LATERAL INFLOW FROM OVERLAND 
C FLOW SEli««ENTS OR FKOM RAINFALL

INTEGER DEL5
rttAL ISEGf IUP.ILAT
COMMON /Cl/ NSElit iSEG(bO) t IUP(!>0.3) tNPAHf K»SET <50 )
CUMMON /C3/ IPHNTtT.AH(50tU) fFLOTHISO) tKSES(SO) tNOX< 

1 00) »QSUM(bO) fUSJML(SO) tSTO(SO)
COHMON /C4/ OELi>tMA*LfttCrffftLATf lLAT(50t*)tlTESTC50)fITYPE(50)f JLAT 

1 <bO»*> tJUP(50i3> iPlJ*b6.3).PAftAM(50t2>i»COEF<50t3> tUP
COMMON /C6/ 3TiOTS»QUP»OX(bO)
CUMMON /C7/ ECOMP,I,KlNlTt^OUTtNRG»OSl»JOUT<50) f QINOf ̂ AT
CUSMON /Cb/ I2iIl,lKiTHYCT»KOUT<60> tSEGlSO)
^tAL IMPRETtlMPSTO
COMMON /El/ IMPNET (i7^«t3) t!MPSTO(3) 

C CUMPJTE LAT. iNFLO* RATE F*OM OVERLING FLOW TO SEGMENT K

10
20

30

IF 
IF

(ITYPt(K)-5) 
(ITYPE(K)-fc)

10,50*10 
20,bO,20

JO 40 J*lf4 
U (JLAT(*tJ» 
JJ=JLAT(K»J)

46
47
48
49

51
52
53
54
55
56
57
58
59

0 60 
0 61 
0 62 
I) 63 
0 64 
0 65 
0 66 
0 67

68
69
70
71
72
73
74
75
76
77
78
79 

D BO 
D Bl 
D 82 
0 83<

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21 
'2
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^LATsULAT*02(JJ) E 24
00 CONTINUE. E 25

U3JML(K)=<-UAT E 26
«»UATs(ULAT*Q^«) /2. E 27
 It TURN E 29

CUMPJTL .ATEWAL INFLO* HATE F*OM RAIN E 29
bO cf=0.0 E 30

AHrO.O E 31

fHAHlsPARAM«. I ) E 3?
1VAR2 = PAWAM«.<») E 33
il- (TPAKl.LT.O.U) TPAKl = 0.0 , E 34
If (TPAM2.LT.O.O) TPAM2*O.U E 35
IHAR=I E 36
IF (KPSET(K).EJ.2) IPARsIPAR*1728 E 37
JO 60 IIIM.MWb E 38
tHeEP* (RCOEF <K»III)«PUPAR*UI) )/5.0 E 39

60 AHsAP* (RCOE.FU*III)*<UPH(I2)/1)EL5-IMP«ET(I,III) ) )/5.0 E 40
JLATs(TPAH2«AP*T?ARl»tP)/72U.O E 41

The CONSTANT 720 C3NVE*TS SQFT-IN/«<IMUTE TO CFS E 42
<K)=ULAT E 43

	E 44 
tNJ E 45-

J? (^> f 1
THIS SUBROUTINE COMPUTES UPSTREAM INFLOK TO SEGMENT K F 2

INTEGER DLLS f 3
-«tAL ILAT f 4
CuMMON /CJ/ IPRNT,T»AH(50,11>,FLGT-1(50).KSEG(50)tNDX(50)tUl(50)*U2 F 5
1(bO)fUSUH(SO)«JbJML(SO)tSTO(50) f 6
CUMMON /C4/ OELbtMAXLiQCdtULATilLAT(50t4)tITEST(SO)*ITYPE<50).JLAT F 7
1<SO«4)tJUP(50t3) tP(3456«3)tPARAM(50t2)tKCOEF(50*3)tUP4(7200> F 8
COMMON /Cb/ ALPHAt50)»EM(50) .F^N(50) f aMAX(50)tSLO»E<50) F 9
COMMON /C6/ JTtOTStUUP«OX(bO) F 10
aoP*0. ^ U
yPReQSUM(K) F 12
Jo 20 J*lt3 F 13
IF (JUP(KtJ)) 20,20,10 F 14

10 JJcJUP(K*J) F 15
UUPsQUP*Q2(JJ) F 16

20 CONTINUE F 17
JbJM(K)»QUP F 18
IF (ITYPE(K).Ea.8.0K.ITY<»E(K).Eg.9) 60 TO 130 F 19
IK (QUP-OMAX(R)) 80,80,30 F 20

30 IK (QPR-UMAX(K)) 40«70t70 F 21
40 PJTe<auP-UMAX(M )/(vJUP-0?R) r 2?

$TOIK)=STO(K)-(DTS»(QMAX(K)-UPR)/2.0)»U.O-POT) F 23
IK (STO(K)) 50*60*60 F 24

50 STOCK)*0. F 25
60 bTOlK)»STO(K)*<DTS»<ttUP-8HAXCK))/2.0)»POT F 26

UUP*QMAX(K) F 27
rftTURN F 28

70 STO«) =STO(K) * < < «JPH*UUP)/2. )-UMAX IK) ) »0TS F 29
	F 30 
	F 31

80 IF (OPR-QMAX(K)) 90*90*110 F 32
90 IK (STO(K)) 120*120*100 F 33
100 bTU(K)«STO(M- UMAX IK)-< «JPR*UJP)/2.))»DTS F 34

IF (STO(K)) 120*140*140 F 35
110 PUT*(UPR-UMAX(K))/(UPW-QJP) F 36

irO(K)«STD(K)*(OPR-OMAX(K))»POT»OTS/2.0)-((QMAX«)-QJP) (1.0-POT) F 37
1»OTS/2.0) F 38
IF (STO(K)) 120*140*140 F 39
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120 bfCMK)*0. F 40
130 CONTINUE F 41

rttTlMN F 42
UO JU»>*CMAXJM F 43

*LTURN F 44
t<MJ F 45-
b03ROUTlNE SEQ OAtDlNP) 6 1

c THIS sjtt*ouTiNE SETS u» COMPUTATIONAL SEQUENCE 6 ?
4tAL ISEG.lU<»tIUAT G 3
-»LAL DlMP(Vt2> 6 *
INTEGER OELS 6 s
COMMON /Cl/ NbEbtlSEG<50)tlUP<5Q»3)»NPA*»«>SETI50) G 6
COMMON /C2/ NLtN?AGE U 7
COMMON /CJ/ IPRNT,T»AR(50tU) »FLGT1<50) »KSEGI$0) tMOXiiO) tUl<50> t02 G %
100)tQSUM(bO)tUSJML(50)»STO(SO) G 9
COMMON /C4/ 3ELt>iMAXLfUC*t(JUAT»lLAT<SO»4)i|TESTI50)»lTYPfc(50)»JLAT G 10
1(bOt*)»JUP(50,3),P(J*b6,3)tFAHAM(50.2).*CO£F(50.3)tUP*<7200) G U
COMMON /Cb/ ALPHA(50)»EM(50)»F*N(bO)»aMAX(50)tSlOPE(SO) G 12

C NUMHEH CONTRIBUTING SEGMENTS (IllPtlLAT) JSIN6 SUttHOoTINE G 13
C I MAN HMICH GIVES THE CONT4IBJTING SEGMENTS TIE SAME G 14
C NUMBEM AS THE OWJE* OF THE SEGMENTS <I.E.» I) G 15

JO 20 I*1»NSEG G 16
ITEST(I)«U G 17
UO 10 J*l»3 G IB
XMUPUtJ) G 19
JUP(ItJ)*ITMAN(X> G 20

10 CONTINUE 6 21
JO 20 J»l»4 G 22
XMLAT(ltJ) 6 23
JLAT(ltJ)*IT4AN(X) . G 24

20 CONTINUE G 25
II«0 G 26

C OkDEK OVERLANO FuOd SEGMENTS FIRST 6 27
JO BO iBltNSEG G 28
IF (ITYPE(I).EJ.lO) GO TD 40 G 29
IF (ITYPEUl-b) 30,40.30 G 30

30 IF (ITYPE(I)-6) 80t*0»80 G 31
40 *«0 G 32

JO 60 J«1.3 G 33
if (JUP(ItJ)) 60t60»50 G 34

bO N«l 6 35
60 CONTINUE 6 36

It- (N) 70»70t80 G 37
70 U»H»1 6 3>

<bEG(Ii)«I G 39
ITEST(I)»1 G 40

80 CONTINUE G 41
NONCH»II G 42

C CHEC< EACH SEGMENT TO SEE IF IT HAS BCCN SEOUENCEO G 43
i«l 6 "
NiT«0 6 45

90 IF (ITEST(I)) 130,130,100 6 46
100 I»I«1 0 *7

C CHECK IF SEGMENT SEUUE^CINS IS COMPLETED AND FOR ERRORS 0 48
IF (I-NSEG) 40^90*110 G 49

110 1*1 6 50
N1V«NIT«1 G 51
IF (NIT-3*NSEG) 120»l*0t350 G 52

120 IF (II-NSEG) ^0,2lOt210 0 53
130 N«0 0 5'

C CHEC< SEGMENT FOR UPSTREAM SEGMENTS *HICM HAVE NOT 0 5b
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C bEEN StUUENCEU YET G b6
JU IbO J*l»3 G 57
U (JuP(I.J)) Ib0,lb0.1*0 G 58

1*0 *=JUP(I,J) (i 59
IF (ITESTU)) Ib0*lt>0.1b0 G 60

150 N=l G 61
160 CONTINUE G 63

C C*EC« SE3MENT F.04 ANY LATERAL INFL3* SEGMENTS UMIC* G 63
C HAVE NOT BEEN SEauENCEi) YET G 64

JO 190 Jsl.* G 65
U (JLAT(I.J)J 190.190.170 G 66

170 *=JLAT(I»J) G 67
If (ITCST(K)) Id0*ltt0.190 G bS

180 N=l G 69
190 CuSTlNUE G 70

C IF SEGMENT hAS NJ JNSEUUENCEO UPSTREAM OR LATERAL INFLON G 71
C SEfaMcNTS.SEUUEMCi IT NEXT G 12

if- (N) ZOO.ZOOflOO G 73
300 I1*II«1 G 7*

*!>EG(in*I G 75
ITtSTU)*i 6 76
IF <II-NStG) 10U«210t210 G 77

310 U (NL-MAXL»10) 330*230t3?G G 78
330 CALL PAGE G 79

C OUTPJT COMPUTATION SEQUENCE G 80
330 N=0 G bl

(6tJ70) G 83

JU 340 I-1.NSE3 G d*
<=KSEG(I) S 85
IF (ITYPE(K) .EU.B) GO TO 240 G B6
IF (ITYPEU)-*) 3*0.3*0.310 G 87

C C*EC< FO-J CHANNELS rtlTH HISSING INFLOW SEGMENT G 88
3*0 *4N«0 G a9

OU 370 J=1.3 6 90
U (JLAT(K»JM 350*350.360 G 91

350 U (JJP(K.J)) 370.370.360 G 93
360 VNsl G 93
370 CONTINUE 6 9*

IF (NN) 380.3BU.310 G 95
380 N=l G 96

U (NL-HAXL*!) 300.300.390 G 97
390 CA^L MAGE 6 98
300 NL*NL*1 6 99

WHITE (6.380) K.ISEG(K) G 100
30 TO 3*0 6 101

310 U (NL-MAXL*!) 330.330.330 6 103
330 CALL PAGE G 103
330 SL*NL*1 G 10*

-KITE (6.390) K.ISEG(K) *ALPHA(K) «EM(K> G 105
C CHEC« FOR INPUT 3ATA ERKOR G 106

3*0 CONTINUE o IOT
IF (M) 360.360.350 G 108

350 **ITE (6»*00) II. (ITEST(I) »I«1.NSE3) G 109
 KITE (6«*10) ( 1. ( JUP( 1 . J) »J«1 .3) t ( JL*T( I » J) . J«l .*) . I-l.NSEG) G 110
bTOP 6 111

360 CONTINUE G 11?
CALL AREA <OA*OI«IP V NONCH) G 113
"it TURN G 11*

C 6 115
370 FORMAT (//I OX , 30HCOMPUTAT ION SEQUENCE. 1 6X. 38HKINEMATIC CHANNEL PAH G 116
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1 ALTERS// 12X.5Hl*OEXtJX.7H$EGM£NTtl9Xt5X 1 5«ALPHAt6X.HM) 
380 FORMAT (*2X«I3tbX«A4t6X»221MlSSlN<> IN?LO« SEGMENT)
340
«oo

10
20

30

FORMAT
FORMAT

UJX,I3»bX,A4tF31.2fF10.3)
<4<»x,35Hi»<PuT UATA &*Ro<«t EXECUTION sTOPPEO/sx.is/csxtioiS)
<5x,ioi5)

INITIALIZES CATCHMENT FO* BEGINNING or

.02

bUBWOUTlNt HIT
THIS sutHooTiNE
Nt* bTONM ' 

HLAL IN2tISEB.IOJ»tILAT»Hl
COMMON /Cl/ NSEfatlSEG(bO) tiuP(50.3)tNPARf«»SET<50) 
COMMON /C3/ IPRNTtTtARJSOtU) tFLGT-«50) »KS£G<50) t^OX(SO)

QbJMU<5>0) »STO(50)
DtLS.MAKL.OCd.ULAT, ILAT(50.4) »ITEST(50) tlTYPCtSO) . JLAT 

Ju^ (50. J) »P( 3*36, 3) »PAflAM< 50.2) ,WCO£F (50,3). UP^( 7200) 
/C7/ ECOM*, I ,KlNlT,^OUT,N*G»OSl,JOUn5U) »aiND»-UT (3.2) 
/E2/ SMA*<50) »IN2<50) ,lNl<bO> ,S202<30) 
/E3/ JtLTAT,NOB»U>{50, 11 ) 

COMMON /tb/ S2(bO,30) .S«50.JO).C<bO,30) 
T»0.

COMMON

COMMON 
COMMON

cCOMP=5.0 
Ji*D«0.0
1H«NT*1
JO 30 L*l»NScG
JSUM(L)=0.
JbOML(L)«0.
^=KSEG(L)
SHAX(K)=0.0
i'X2(K)«0.0
bTOU)"Ot
IF (ITYPE(K) .E STO(K) =PAMAM<K,2)

If (ITYPE (K) ,GT. 7) 60 TO 20
JO 10 JsltN
US(K,J)«0.0
AH(H,j)=0.0
W2(K)«0.
J1(K)=0.
IF (ITYPE(K)tNEtd) 60 TO 30
CALL TABLE «  PAQAMU »2) , S2»S, C«Q2 (K) , MOX J<P
b^02(K)=PARAM(K,2) /0£LTAT»02(K)/2.
bTO«)=PAkAM(K,2)
CONTINUE
ULTURN

AKEA (DAtOIMPtNONCH) 
THIS SUtfKOUTlNf 1. ADJUSTS RAIN OA9C TO BASIN
2. CHtCKS COMPUTED DRAINAGE A4CA VERSUS fURNISHCD 
DRAINAGE AREA. 3. DETERMINES »E*V!3US AND IMPERVIOUS 
AREAS COVERED BY EACH RAIN 6A3E FOR EACH SOIL TVPC 

INTEGER DELS
HtAL DIMP(9,2) ,DT(l50»b,2)
DIMENSION KS(t>0)
COMMON /Cl/ <4SEbtISEG(SO),iuP(50t3)tN»A*tK0SET(50>
COMMON /C3/ IPRNT,T.AR(b0.11).rLGTM(50).^SEG(50).NOX(50).ttl(50).a2 

1 00) tUSUM(SO) ,USJMU<50) tSTO(SO)
COMMON /C4/ D£L3.MAXL.QC*.ULAT.ILAT(S0.4) . ITEST (50) » I TYPt (SO) . JLAT 
l<bO,4).JOP<50.3),P(3456.3).PARAM(50,2>.*COCF<S0.3)»UH<7aOO)
COMMON /C7/ CCOMP,I,KINlT,NOUT,NHU.O$I»JOUT(iO)»aiNO.RAT(3»2)

0117 
G 118 
6 119
G 120 
<» 121

li»3- 

1
?
3
4
5

7 
B 
9

10
11
12
13

15
16
17 

H IB 
H 19 
H 20

2?
23
24
25
26
27
28
29 
29A
30
31
32
33
34 

H 35 
H 36 
H 37 
H 38 
H 39-

1
2
3
4
5
6
7
8
9 

10 
U

U
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JO 160 KMKrl,3
it- UUP(JK,K1K) .YE.KJ) GO TO ISO
JO 150 KMM=ltN*i>

uo

JO 140 KK«l»NPArt
Jf ( JK.KMMtKK) =OT ( JK.KMM,<K)   DT I K J , <MH, K< )
jr(JK,KMMl,KO»OT< JKtKMMl,KK)OT«JtKNMl»«)
Jl ( JKK.KMM,K«)*UT< JKK . KM*, UK ) * 0 F ( K JJt <MM*K< >
Of ( JKKtKMMltKK)*.)T(JK«tMmtKK)»i>nKJJf*MMltKK)
JT
Jl < JKLtKMMl,*K)OT<JKLtMMl»KK)»OT<KJ<i*NMltKK)

CONTINUE
160
170 CONTINUE
lao CONTINUE

C CALCJLATi TOTAL DRMNAGE A4EA AMD TOTAL PERVUUS AND 
C IHPE-(VlUJS AREA FO* EACH RAIN GAGE AND SOIL TYPE 

«*«SEO(NSEG)

JO 220 KHM=1,3

JO 190 KK«1«NPAH
T (K.RMM.KK) *L)T 

0 TEMPI sOTE*Pl»l>T(KtKMP.K<)*OT(KPtK*Pi<K)»DTCHQ»K»«P»KIO

190 CONTINUE
IP (OIMP(KMP,1). £0.0.0) 30 TO 200
"IAT (KMH, 1 )s< JIMPIKHP, 1) OIHPIKHQ. 1) >/DHP«NP*l>

200 i»- (OIMP(KMPt2)  EO.O.O) 30 TO 2iO

210 JiMP(KMH,l )=JIHP(K«4M,1) 
220 CONTINUE

ADJUST WAIN GAGE TO 8ASIN. IF NECESSARY

C

IF (DAT1,LT.4ATIO.AND.DAT2*LT*4ATIO) 30 TO 230
WHITE (6*240) JA»DAT 

230 CONTINUE
DA «OAT 
 JtTURN

240 FORMAT (lh * 25HF JRNISHED O^AjNAGE AHEA «.F«.3« 2X, UHS4UARE MILES/1 
1H *25HCOMPUTEU DRAINAGE A4fcA s«F8.3t38H T-4CSE DIFFER BY MORE THAN 
2 ONE PERCENT)
END
SUBROUTINE RFAOJ (OTEMPi * N^G) 

C THIS SJdROJTI-NE ADJUSTS RAIN SAGE TO BASIN

87

IF (OTENP1.LT. 0.995. OR,DTE*»»1 .3T. 1 .005) CA LL RFAOJ <OT£MPl,NRG)
CHECK COMPUTED DUlNAtiE AREA «ITH FURNISHED DRAINAGE AREA 

JAT»OAT/5280.0**2
JATUDAT/OA
UAT2*DA/DAT

124
125
126
127
128
129
130
131
132
133
U*

76
77
78
79 
BO
81
82
63
84
85
86
87
88
89
90
91
92

95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
no
HI
112
113
114
115 
U6 
117 
119
119
120
121
122



WODYb.UELS J 3
/Cl/ *Stb. iSEQ(bO) ,iUP<DO.J) *NPAR*K;»SET<bO) J 4

COMMON /Co/ J£i_b,HAXL.UC«, JLAT, ILAT (50,*) . I TEST (50) . I TYPE (50) t JLAT J 5
J 00 14) , JUP(5U, J) *P( J4:»b*3) *HAHAM(bO*2) *rtCO£F(bO*3) tUP4( 7200) J 6
COMMON /Ol/ DPUOOO) *ROOYS J 7
»HITE (6.30) UTL1P1 J 8
JO 10 KM=1,7«;OU J 9

10 OK^(KP)sUPH«P)«3TEMPl J 10
JO 30 KPM.NSEG J 11
U" (ITYPEUP) .NE.5.ANo.ITY*tlKP) .NE.6) 30 TO 30 J 12
JO 20 KMH=1,3 J 13

20 HCJEF<KP,KMM)*WCOEF<KP*KMM)/DTEMP1 J 14
 rflTE (6tbO) KP*(WCOEF(K'.HHM)*KMM«1**RG) J is

30 CONTINUE J 16
JO 40 KP=ltRJOYi J 17

«0 JH(KP) =DP«P) *'JTEM(>1 J 18
HcTORN J 19

C J 20
50 ^O-^MAT <1H .49HALL RAINFALLS HAVE BEEN NULTIPLIE3 BY A FACTOR OF.F J 21

1V.W67H TO AJJUST RAIN GAGE TO BASIN. SI«I LARLY* ALL THE IS SEN COEF J 12
2MCIENTS/01H HAVE BEEN ADJUSTED TO APPLY T3 THE REVISED AVERAGE RA J 23
3l"*FALL.) J 24

60 FOUMAT (1H .I&.JP15.6) J 25
tNO J 26-
FO^CTION ITWAN (X) K i

c THIS FUNCTION NOSERS LATERAL AMD JPSTREAM INFLOW K 2
C SEGMENTS TO CORRESPOND TO THE ISEGtS K 3

^tftL ISEG.IU^ K 4
COMMON /Cl/ ^SEGtlSEG(SO)tlUPISOtJ)tN9 AR»K3$ET(50) K 5
1 = 1 K 6

10 IF (x-ISEb(I)) 30*20*30 K 7
20 If^ANsI K 8

HtTURN K 9
30 1*1*1 X 10

IF (I-NbEo) 10*10,40 K 11
40 ITrfANsO K 12

4tTJRN K 13
tNO K 14-
SOdROUTlNE AM L 1

C THIS SUBROUTINE COMPUTES THE PARAMETERS ALPHA AND EH L 2
c AND THE FULL-SEGMENT FLOW FOR EACH SEGMENT L 3

INTEGER DELS L 4
COMMON /Cl/ NSEG*ISEG<50)*IUP(50t3)*NPAR*KOSET(50) L 5
COMMON /C%/ OELb*MAXL*QCi^*yLATtILAT(50t4)tlTEST(SO)*ITYPE(§0)tJLAT L 6
}<50*4).JUP(50.3).P{3456t3).PARAM(50t2)tRCOEf(50t3)tUP*<7200) L 7
COMMON /Cb/ ALPHA(SO)*EM(50)tFRN(SO)tQMAX(50)»SLOPE(50) L 8
JO 80 I«1*NSEG L 9
MMTYPEU) L 10
IF (N.GE.b) *«7 L 11
oU TO (10*20*30*40*50*70*6U)t N L 12

10 ALPMAU)«1.4*/FWN(I)«SQRT(SLOPE(I>)/PARAMCIt1)  <2./3.) L 13
AMAX«PANAM<I,1)*PARAM(I*2) L 14
E«U) = 1.67 L 15
JMAX(I)=ALPHA(1)*AMAX*«EM(i) L 16
jo TO BO L 17

20 AMAX*3.U«PAi<AM(I,l )««2/4. L IB
UFJLL*1.4*/FrtNU)«AMAX«<»ARA««<I,l)/4.)»»<2./3.>«SaRT{SLOPEU) ) L 19
ALPHAt I)*UFULL/AMAX I- 20
EM(I)sl. L 21
JHAX(I )«UFJLi- I- 22
bo TO BO t- 23
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30 «LPHA(I)sl.<»i/FK^U)»SQHT<SLOPE<I))/PARAM<I»n 0*<U/3.) L 24
JMAX< I)*10.«»10 L 25
tM(J»=1.3J L 26
*u TO 80 L 27

<»0 ALPHAU)sPARAM(l.l) L 28
c.H<I)sPAHAMU»2) L 29
*HAX( I)slO.««10 L JO
jo TO 80 L 31

bO *LPHA(I)»l.<»9/FMV(n*»QI*TfSLOPEfn) L 32
JMAX(I)«iO.»»IO L 33
tM(I)=1.67 L 34
JO TO 80 L 35

bO JMAX(I)«10.«»10 L 36
AcPHA(I)«0, L J7
LM(I)=o. L 38
jo TO dO L 34

70 JMAX( I)*10.««10 L 40
ALPHA(I)-b4,4«SLaPE(I)/<^4N(I)*. 0000141) L 41
tM(I)*3. »- *2

HO CONTINUE »- *3
*<t.TJRN L 44

SOBROUTINt PAGE M
THIS SJtt*OUTI*E SETS U» A MEM PAGE M

COMMON /C2/ SL»**AGE H

*HITE (6.10) NPAGE M 5 
ML«3 H 6

M 8
10 FORMAT < ini, iiox,*HPA6E»U//20X.20A4) M 9

SUdROUTINE PJLb (K) N 1 
THIS SUd40UTlNE ^E^FOHMS MODIFIED 3ULS ROUTING N 2

COMMON /C3/ IPRNT,T.AH(50,11) .FLGTH(SO) »KS£6<50) ,NDX(50) tUl (SO)«Q2 N 4
1 00) »USUH(50> »UbJML(bO) »STO<50) N S
COMMON /E2/ SMAX(50) »IN2(50) ,1^1 (50) ,5202(30) N 6
COMMON /E3/ i)ELTAT«NOtt*QS(bO»lU N 7
COMMON /EW «V(SOt30)*Sl(50*30) tCKSOt 30) N B

IN2(K)«QSUM«) N

S<J02(K)»S202(K)*AVIN-ttl«) H
IF (IN2(K).LT. 0.005) 60 TO 10 N 
CALL TABLE («tSl02(K>»*VtSl*CltQ2«>»MOX(K» N

10 IF (IN2(K).LT. 0*005) U2«)«IN2«) N
bTO(K)«(S202(K)-a2(K)/2.)»DCLTAT N
it- (STO(K).LT.SMAX(K) ) 69 TO 20 N
SMAX(K)*STO«) N

20 CONTINUE N
NtTURN N
ENO M
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bUdWOUTlNL
Ib MAHCH 73

1M=>LICIT LOGICALM<tf>. LOS I CALM(K) 
J11ENSION NSCALE<5)» ABN3SC26). Xd)» Yd)

uUSICALM IMAbe 11)vCHtLAdELd)»E^«1
uOSICAL*! VCtHCt^O*!(19).FJH2(15).F0«3(19).NCtBLtiF.HF1

<C4
C.JJIVALENCE (FOMltFOXl)t (FQR2tFOx2). (FOB3.FOX3), (VCtVCH) 
i'^TEGEH FILE
JATA HC/'-'/.NC/^'/.dL/ 1  /tMF/»F»/»HFl/».»/ 
JATA KOXl/'(lxAItF9*t'.2t 121'*'A1)  / 
JATA FOX2/*(UA1* 9*t'Xl21Al)  / 
JMTA FOX3/«(lrtOF .«   t « " « ». )  / 
JATA VCR/^4FOO/
UATA KPLOTl/.FAuSE./.KPLDTi;/.FALSE./ 
UATA KABSCtKjHD»<80TGL/3*.FALSE./

ci^TRY PLUT1 ( 
lLE
. FALSE. 
.FALi>E. 
. FALSE.

isI AdS

(NM*NSH»NV*^bV.SE.O) 30 TO 1 
=. FALSE.

IF (MV.LE.P5) GO TO 
= . FALSE.

2 CONTINUE

IF (SOV.LE.18U) 30 TO 3 
<HLOT*. FALSE.

. TrtUt.

3 CONTINUE
IK (NbCL.EU.O) bJ TO

IY*MINO(IAdS(NSCALE<3) 
U=MINO (lAdS(N5CALE (b) 
30 TO 5

*1

5
6
7
8
9

10
n
12
13
u
15
16
17

0 1 
0 ? 
0 3 
0 4 
0 
0 
0 
0 
0 
0 
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D. SCHEMATIC OF PROGRAM DECK SETUP

12

10

Initial values and bounds of parameters

Details for optimization round

Daily-evaporation data

Daily-rainfall data

Unit-discharge data (optional)

Unit-rainfall data for station no. 3 (optional)

Unit-rainfall station no. 3 and unit-time interval (optional)

Unit-rainfall data for station no. 2 (optional)

Unit-rainfall station no. 2 and unit-time interval (optional)

 - I 
8 Unit-rainfall data

Unit-rainfall station and unit-time interval

Period of record

Daily-evaporation station

4 Daily-rainfall station

Streamflow station & drainage area

j Irrigation rates (optional)

1 =J Option card

--/ Number refers to card group in data input specifications
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SCHEMATIC OF PROGRAM DECK SETUP continued

X 
23
X

X

22

X
11

X
!0

XI 9

Input-hydrograph cards (optional)

Input-hydrograph-indicator card

Optimization card

Routing card

Storm-separation cards

Storm-sequencing card

Outflow-storage relationships (optional)

I 16 

I?

^
14

Segment characteristics

Model-control card

T, Parameter-adjustment card

Number refers to card group in data input specifications
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E. SAMPLE RUNS
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It remains largely an art to characterize a basin in terms of a 
number of segments which account for the essential basin properties. In 
order to provide the "artist" with some help; an example, Sand Creek 
Tributary at Denver, Colorado, will be discussed. The approach il 
lustrated by this example is not meant to provide hard and fast rules 
but rather to serve as a guide for applying the model. Different objectives 
and study limitations will require deviations from this guide.

The Sand Creek Tributary at Denver drainage basin is a 183-acre 
area of predominantly single-family residential land use with some 
multifamily land use, a church, a recreational center, a fire station, 
and two small parks. The basin has some storm sewers in its upper end 
but relies mostly on street gutters and concrete-lined open ditches for 
flow conveyance. Detailed records of rainfall and stream stage are 
collected at the station by the operation of dual-digital recorders 
which code the data on 16-channel paper tape at 5-minute intervals. Use 
of a single timer provides for simultaneous actuation of both recorders. 
A stage-discharge relation was developed on the basis of step-backwater 
analysis of a reach of concrete-lined stream channel and discharge 
measurements made during storm runoff. The rainfall-runoff data used in 
this example have been published (Ducret and Hodges, 1975).

Two sample runs will be discussed for the Sand Creek Tributary at 
Denver basin. The first run was an optimization run without any routing. 
In the second run, the soil-moisture-accounting and infiltration parameters 
were set at their final values from the first run and routing was performed 
for ten storm events. These two runs could have been accomplished with 
a single computer run; however, experience with the model has shown the 
two-stage approach to be preferred. The following is a discussion by 
card group of the input data for the first computer run.

Card Group 1

It was desired to list the input rainfall and evaporation data; 
therefore, 0PTI0N = LIST. Storm-runoff volumes were included in the 
model-input data; therefore, 0PT = 1.

Card Group 2

No card was included because daily rainfalls were not to be modified 
for irrigation (N0PT1 = 0).

Card Groups 3, 4, and 5

The streamflow, daily-rainfall and daily-evaporation station identifiers 
were input to the model using these three cards. Card Group 3 also 
included the drainage area of the basin (0.286 square miles).
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Card Group 6

The first runoff period to be simulated occurred on July 12, 1973. 
In order to establish initial soil-moisture conditions for this date, 
the beginning day of record was set at May 1, 1973. The last runoff 
period to be simulated occurred on July 30, 1974; therefore, the last 
day of record was set at July 31, 1974 (1 day after last unit-rainfall 
day) .

Card Group 7

The unit-rainfall station number and name were input along with the 
time increment of unit data (5 minutes for this example).

Card Group 8

Card Group 8 was used to input, the unit-rainfall data. Ducret and 
Hodges (1975) reported data for 14 runoff periods during 1973 and 1974 
(table 4). Four of these runoff periods were not selected for simulation 
for the reasons given in table 4. Because no unit-discharge data were 
read-in (0PT = 1), a card with a C0DE of 9 punched in column 80 was 
placed at the end of Card Group 8.

Card Group 9

Card Group 9 was skipped because no unit-discharge data were input 
for this run.

Card Group 10

Card Group 10 was used to read in the daily-rainfall data. Because 
a large gap in time existed between runoff-period numbers 8 (September 
11, 1973) and 9 (July 22, 1974), 9999's were punched as the daily rainfall 
for September 15, 1973 and May 1, 1974. Daily-rainfall cards were not 
included for the intervening period. Continuation of the daily moisture 
accounting on May 1, 1974 should have allowed sufficient time for the 
model to establish initial soil-moisture conditions for the runoff of 
July 22, 1974.

Card Group 11

Card Group 11 was used to read in the daily-evaporation data. Note 
that daily-evaporation cards were not included for the period between 
September 15, 1973, and May 1, 1974, as this period was to be skipped by 
the model. A card with a C0DE of 9 punched in column 80 was placed at
the end of Card Group 11.

i

Card Group 12

There were seven parameters in the soil-moisture and infiltration 
components because a single soil type was assumed throughout the basin.
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The model is primarily sensitive to only four of the seven parameters; 
therefore, only four parameters were adjusted by the model. Based on 
experience with the model, the number of trial adjustments per parameter 
was set at 10 and the initial step size for parameter adjustment at 
0.060.

Card Group 13

The soils in the drainage basin are highly pervious sands which 
would be expected to result in higher values for PSP, KSAT, and BMSN 
than those suggested as initial values in table 3. However, for this 
run the initial magnitudes and lower and upper limits of the soil- 
moisture and infiltration parameters were set at the values suggested in 
table 3.

Card Group 14

The parameters to be optimized were PSP, KSAT, RGF, and BMSN; 
therefore, the subscripts for card 14 are 1, 2, 3, and 4.

Card Groups 15 and 16

An aerial photo of the drainage basin is shown in figure 13. The 
first step in subdividing this drainage basin into segments was to 
obtain available information on the physical characteristics of the 
catchment. This consisted of an aerial photograph from a local engineering 
firm, drainage maps which also showed street-corner elevations from the 
City of Denver, and the U.S. Geological Survey topographic map for the 
area. Using the above information, the drainage-basin boundary was 
approximated in the office and then field checked. The drainage network; 
inlets to the drainage network; all flow directions on streets, particularly 
at street intersections; and effective impervious surfaces from roofs, 
parking lots, etc., were delineated on copies of the aerial photos. 
This information was obtained and (or) verified by on-site inspection.

It was then the "artist's" turn. Using the marked-up photos from 
the above exercise, the basin was delineated into sub-basins (overland- 
flow segments) and a drainage network (channel segments). An attempt 
was made to balance number of segments (5 to 15 overland-flow segments 
was selected as an "optimum" range based on difficult to rationalize 
"engineering judgment"), maximum "uniformity" within segments, segmentation 
into overland-flow segments with balanced lengths of overland flow to 
their designated channel segments, and compatibility between overland- 
flow segments and their designated channel segments (that is, an optimum 
segmentation for overland-flow segments may result in a poor arrangement 
of channel segments). Ideally, perhaps, major changes within the 
drainage network such as in geometry, size, roughness, and (or) slope 
would result in separate channel segments. However, in many cases the 
channel segmentation will be governed by the overland-flow segmentatior ;. 
Likewise, channel intersections often exert a controlling influence on 
overland-flow segmentation. A schematic of the basin segmentation is 
illustrated in figure 14.
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JT01

1000

EXPLANATION

     Drainage Basin Boundary
OF02 Overland-Flow-Segment Boundary and Number
CH23_ Channel Segment and Number
JT01 ° Junction Segment and Number

Non-Contributing Area within Drainage Basin 
General Direction of Overland Flow

Figure 14. Schematic of Sand Creek Tributary Basin at Denver, Colorado, 
showing segmentation for rainfall-runoff modeling.
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The rationale behind the basin segmentation of figure 14 is as 
follows: It is often easiest to start at the downstream end of a basin 
and that approach was used when segmenting this basin. It was first 
noted that the major drainage system of the basin consisted of concrete- 
lined ditches which were located in the positions marked by channel 
segments CH20, CH21, and CH22. In analyzing the reach of concrete-lined 
ditch comprised of CH20 and CH21, it was noted that a street, which 
drained 14 acres of land, 0F03, intersected this reach. Therefore, this 
reach of concrete-lined ditch was subdivided into channel segments CH20 
and CH21, and the intersecting street was designated as channel segment 
CH23. Overland-flow segments 0F01, 0F02, 0F03, 0F04, and 0F09 were then 
delineated based on this channel segmentation. It should be noted that 
overland-flow segment 0F04 does not have balanced lengths of overland 
flow to CH21. To further subdivide this overland-flow segment would 
also require that segments CH21 and 0F09 be further subdivided.

The unallocated concrete-lined ditch was then assigned as channel 
segment CH22. Overland-flow segments 0F06 and 0F05 were then delineated. 
To avoid the need to subdivide channel segment CH20 which would require 
subdividing overland-flow segments 0F01 and 0F02, channel segment CH25 
was used to bypass channel segment CH20. A junction segment, JT01, was 
required to sum the flow from the two channel segments at the outlet of 
the basin. Finally, the remaining part of the basin was drained by a 
street which was assigned as channel segment CH24.

Once the basin was segmented, the sub-basin boundaries were field 
checked and representative channel cross sections were determined. 
Channel slopes were determined from the drainage maps, and overland-flow 
slopes were estimated from the U.S. Geological Survey topographic map 
for the area and the street-corner elevations shown on the City of 
Denver drainage maps. Sub-basin areas were planimetered and lengths of 
overland flow were computed by dividing the area of each sub-basin, in 
square feet, by the length, in feet, of the channel segment into which 
it contributes lateral inflow. The segment characteristics are shown in 
tables 5 and 6. Note in figure 14 that overland-flow segment 0F08 has 
a noncontributing area within its boundary. This results from internal 
drainage to a flood-control lake.

Roughness coefficients for the channel segments were estimated at 
0.016 for the concrete-lined channels and 0.013 for the street-gutter 
channels. Two options are available for roughness coefficients for 
overland-flow segments. A single roughness coefficient can be assigned 
to an overland-flow segment or else the segment can be assigned two 
roughness coefficients, one for pervious surfaces and one for impervious 
surfaces. For this basin, two roughness coefficients were specified for 
overland-flow segment numbers 0F01, 0F07, and 0F08; 0.20 for pervious 
surfaces (0P01, 0P07, 0POB) and 0.013 for impervious surfaces (0101, 
0107, 0108). Only one roughness was specified for the other overland- 
flow segments because distances of pervious-surface overland flow were 
generally short over lawns and onto streets with the streets dominating 
the flow conveyance. Roughness coefficients for these segments were set 
at 0.016.
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Table 5. Overland-flow segment characteristics for Sand Creek Tributary 
Basin at Denver, Colorado

Segment 
number

0F01

0F02

0F03

0F04

0F05

0F06

0F07

0F08

0F09

Channel 
segment 

for
drainage

CH20

CH20

CH23

CH21

CH22

CH22

CH24

CH24

CH21

Area 
(acre)

12.6

10.6

14.0

30.5

36.5

10.7

19.0

31.5

17.5

Length 
(feet)

454

382

480

593

1,006

295

372

617

340

Slope 
(feet/feet)

0.005

.022

.024

.018

.022

.004

.012

.007

.010

Perviousness

0.80

.47

.48

.54

.57

.44

.80

.58

.70

Effective 
imperviousness

0.15

.36

. 31

.32

.27

.42

.16

.33

.22
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Table 6. Channel-segment characteristics for Sand Creek Tributary Basin 
at Denver, Colorado

Segment 
number

CH20

CH21

CH22

CH23

CH24

CH25

Upstream 
segment (s)

CH23,CH21

  

CH24

  

  

CH22

Length 
(feet)

1,210

2,240

1,580

1,270

2,225

460

Slope 
(feet/feet)

0.005

.007

.008

.029

.005

.005

Manning 
n

0.016

.016

.016

.013

.013

.016

Width (feet) at 
1-foot depth

11

11

4

31

50

11

.3
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It remained to determine the time interval (At) and segment intervals 
(NDX) for the finite-difference calculations. Detailed output from the 
basin outlet was all that was required. Therefore, At was computed 
based on the entire channel length through the basin and the average 
overland-flow length to that channel. Three distinct, channel networks 
drained the basin a network comprised of channels CH20 and CH21, a 
network comprised of channels CH20 and CH23, and a network comprised of 
channels CH22, CH24, and CH25. Equations 12, 13, and 14 were used to 
calculate At for each of these three channel networks. The following 
illustrates application of these equations to the channel network comprised 
of channels CH20 and CH21.

The average slope (weighted by sub-basin area) of the sub-basins 
draining to the channel network (segments 0F01, 0F02, 0F04, and 0F09) 
is 0.014. Assuming this value for slope and 0.020 for FRN(I) and using 
the equations for turbulent overland-flow segments from table 2:

~ (1.49) /07014

and
m = 1.67 
o

Letting FRN(T) = 0.016, PARAM (I, 1) - 11 feet and SL0PEU) = 0.006 in the 
equations for triangular cross sections from table 2:

1.41 

(0.016)

and

m  = 1.33 
c

The average length of overland-flow (weighted by sub-basin area) to the 
channel network is 475 feet. The length of channels CH20 plus CH21 is 
3,450 feet. For the storms simulated, the maximum 5-minute rainfall 
intensity was 5.64 inches per hour, and the maximum 15-minute rainfall 
intensity was 4.64 inches per hour. Therefore, the maximum rainfall 
intensity for equations 13 and 14 was set at 5 inches per hour. Sub 
stituting the above values into equation 13 results in

to

1/1.67
475 ~*

8.8 (5/43200)
0.67

= 413 seconds
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and into equation 14 results in

3,450

3.1 ([2* 5* 475J/43200)
0.33

1/1.33
= 338 seconds

Therefore At = 0.1 (413 + 338) = 75 seconds. Similar calculations for 
the network comprised of channels CH20 and CH23 and the network comprised 
of channels CH22, CH24, and CH25 resulted in a At of 57 seconds and 95 
seconds, respectively. Based on these results, At for the model was set 
at 1.0 minute.

Calculation of NDX for segments 0P01, 0101, CH24 and CH22 is 
discussed below.

For segment 0P01, L = 454 feet, a = 0.53, i =5 minutes, and m 
1.67. Therefore, from equation 13

454
.67

0.67
= 2,165 seconds.

(0.53) (5/43200)
i -  

Then, from equation 21

MHY - 2 ' 165 - , A i NDX =    = 36.1
60

However, the maximum NDX allowed bv the model is 10. Therefore, NDX for 
segment 0P01 was set at 10. This should not present any significant problems 
as the flow from this segment which is entirely pervious is minor compared 
to that from the segments with impervious surfaces which were used in 
the calculation of At.

For segment 0101, L = 454 feet, a = 8.10, i =5 minutes, and m = 1.67 
 ,,£.- o_   °-, -, o e o Therefore, from equation 13

454

L(8.10) (5/43200) 

Then, from equation 21

423

"1 1/1.67 

0.67
= 423 seconds.

NDX =
60

= 7.05, say 7.

For segment CH24, L = 2,225 feet, L - 500 feet, a = 2.08,
i =5 minutes, and m = 1.33. Therefore, from equation 14, 
e c

2,225

(2.08) ([2 x 5 x 5001/43200)
0. 33

1/1.33
= 324 seconds.
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Then, from equation 22

324
NDX = T7T = 5.4, say 6. 

bU

Channel segment CH22 not only has lateral inflow from overland-flow 
segments but also has upstream inflow from CH24. Therefore, equation 14 
does not apply. Assuming the upstream inflow to dominate, the time of 
concentration of a wave (not a particle) through CH24 could be approxi 
mated by

L
t *      -    - (30) 
c m -1 

a m A c 
c c c

where A is an average cross-sectional area of flow in square feet. 
Letting L = 1,580 feet, a = 4.85, m = 1.33, and A = 2.5 square feet

C C C7 C"in equation 30

t 1.580

° (4.85) (1.33) (2.5 ' )

Then, from equation 22

181NDX =
60

Card Group 17

Card Group 17 was skipped because there were no modified-Puls 
detention reservoirs (segments of ITYPE(I) = 8).

Card Group 18

Ten storms were simulated by the model. Of these storms all but 
two were separated by at least one day without unit-rainfall data. The 
exceptions were the two storms which occurred on September 11, 1973 
(runoff-period numbers 7 and 8). Therefore, NF(I) =1; I = 1-6, 9, 10 
and NF(I) = 2; I = 7, 8.

Card Group 19

The starting and ending time increments for each storm and the 
observed volumes of runoff, in inches, are input to the model using Card 
Group 19.

Card Group 20

No runoff was routed for this run; therefore, K0UT(I) = 0, I = 1, 
N0FE.
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Card Group 21

Runoff periods 1-6 and 10 were used in computing the value of the 
objective function.

Card Group 22

No input hydrographs were necessary; therefore, IHYD(I) = 0, I = 1, 
N0PE.

Card Group 23

Card Group 23 was skipped, because there were no input-hydrograph 
segments (ITYPE(I) * 10 on Card Group 16).

The first run resulted in "optimal" values of the infiltration and 
soil-moisture-accounting parameters. In the second run, these parameters 
were set at their final values from the first run and routing was performed 
for all unit-rainfall runoff periods. The results are shown in table 7. 
The optimization option was not used during the second run. The following 
changes in input data were made.

Card Group 12

The number of parameters to be adjusted, the number of trial adjustments 
per parameters, and the initial step size for parameter adjustment were 
specified as zero.

Card Group 13

The initial values of PSP, KSAT, RGF, and BMSN were changed to 
6.03, 0.121, 13.82, and 11.0, respectively, based on the results of the 
optimization run.

Card Group 14

Card 14 was changed to a blank card.

Card Group 19

It was not necessary to input storm-runoff volumes as no optimization 
was to be performed for this run. The ending time increment for storm 
number 7 was changed to 95 to demonstrate that changes in the starting 
and (or) ending time increments for a storm will only affect simulated 
storm-runoff volumes if a different rainfall occurred (that is, storm- 
runoff volumes are independent of routing).

Card Group 20

All unit-rainfall runoff periods were routed for this run; therefore, 
K0UTU) = 1, I = 1, N0FE.
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Table 7. Comparison of measured and simulated runoff volumes and peak flows 
for Sand Creek Tributary Basin at Denver, Colorado.

Runoff - 
period 
number

Date Runoff volume 
in inches

, Peak flow, in 
cubic feet 
per second

Measured Simulated

1

2

3

4

5

6

7

8

9

10

July

July

July

July

July

Aug.

Sept.

Sept.

July

July

12,

19,

22,

24,

30,

7,

11

11

22,

30,

1973

1973

1973

1973

1973

1973

, 1973

, 1973

1974

1974

0.080 0.

.16

.055

.33

.063

.70

.073

.23

.20

.53

080

19

052

28

082

76

14

16

32

47

Measured

32

68

22

104

32

236

48

143

98

251

Simulated

23

74

14

97

28

280

5H

68

117

216

111



Card Group 21

No optimization was performed; therefore, TESTN0U)   0, I » 1,
N0FE.
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