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ABSTRACT

The unit hydrograph technique is a simple tool being
used by most of the water resources development organisations
for the estimation of flood flows. Although number of
techniques are available for finding the unit hydrograph, but
all of them have some advantages as well as limitations.

The technique adopted for the derivation of unit hydrograph
in this user manual is based on Nash's approach as it gives
non-oscillating and physically realizable unit hydrograph.

Nash considered that the Instantaneous Unit Hvdrograph
(IUH) can be obtained by routing the unit impulse input
through a cascade of N linear reservoirs of equal storage
coefficient K. Thus, the two parameters, N and K, determine
the shape of the unit hydrograph. These parameters are
estimated in the user manual by (i) method of moment, and
(ii) optimization procedure. The former method requires
the first and second moments of input ( excess rainfall)
as well as output ( direct surface runoff), which are used
in solving the moment expressions to get parameters N and K.
However, in the latter approach the set of parameters, N
and K, are estimated minimizing the objective function i.e.
the sum of squares of the differences between ordinates
of observed and computed hydrographs using Quasi Newton
optimization procedure. The computer programmes NASH.FOR

and CONTI.FOR, based on the above two methods



have been developed at the National Institute of Hydrology,
Roorkee and have been tested on VAX-11/780 system for the
test input. The programmes require the stations rainfall
alongwith their Thie ssen weights and observed discharge
hydrographs for the isolated events as input. The data

interval for the observed rainfall hyetograph and observed

discharge hydrograph should be the same. The programmes give

the following outputs; the base flow hydrograph, direct
surface runoff hydrograph, excess rainfall hyetograph,

the parameters N and K, IUH and UH (Unit Hydrograph)
ordinates and computed discharge hydrograph. The programme
also estimates the error functions such as: (i) model
efficiency, (ii) average standard error, (iii) average
absolute error, (iv) average percentage absolute error,

(v) percentage absolute error in peak, and (vi) percentage

absolute error in time to peak. The input and output

specifications for the programmes have also been described.
The programmescan be run on computers other than VAX-11/780
system having FORTRAN compiler, after making suitable

modifications.




1.0 INTRODUCTION

The estimation of flood flows resulting from the rain-
fall is required in the planning, design and operation of
water resources projects. The unit hydrograph technique is
a simple tool being used by most of the water resources
development organisations in different countries for esti-
mation of direct surface runoff. Unit hydrograph, by
definition, is the direct surface runoff hydrograph that would
be observed at the outlet of the drainage area as a result
of unit rainfall excess falling uniformly over the catchment
in space as well as in time within the specified duration.

The unit hydrograph technique assumes the catchment as a

linear system which transforms the rainfall input into direct
surface runoff as an output. It is well known that assumption
of linearity involved in the unit hydrograph technique do not
accurately apply for the natural watersheds. Inspite of the
assumption of linearity, analysis of field data indicates that
the unit hydrographs derived from different storms are not
identical and are sensitive to data errors. Inspite of its
limitations, unit hydrograph is a powerful and practical tool
for predicting flood flows if it is applied with care and

proper judgement.

1.1 Purpose and Capabilities

Various techniques are available in the literature for



deriving the unit hydrograph. Nearly all of them have some
limitations. 1In selecting a particular technique for the
derivation of unit hydrograph it is preferable to satisfy
amongst others, the following requirements:

i. The unit hydrograph ordinates are all positive.

ii. The shape of the unit hydrograph is preserved.

iii. The errors in input data are not amplified during
the unit hydrograph derivation.

iv. The method is capable of admitting a number of
events simultaneously for the unit hydrograph
derivation.

v. Computationally, the method is simple, efficient

and easily programmable.

Each technique has its strength and weaknesses and
does not satisfy all of the above requirements. The purpose
of this user manual is to provide the guidelines for
derivation of unit hydrograph using one of the well known
techniques which fulfil most of the above mentioned require-
ments. The technique used for the derivation of unit
hydrograph in this user manual is based on Nash's approach
which considers the response of the catchment as due to
routing of the inflow through a cascade of equal linear
reservoirs. The two parameters, N ( no. of equal linear
reservoirs ) and K (storage coefficient for each linear
reservoirs), define the shape of the unit hydrograph, which
is physically realizable. The two parameters N and K are
estimated using (i) method of moments, and (ii) optimization

procedure. There are two separate computer programmes for




each of these methods. The computer programme based on
optimization procedure has the capability of admitting a
number of events simultaneously for the derivation of the
representative unit hydrograph for the catchment. The computer
programme based on method of moment is capable of analysing
the several storms of a catchment in a single run. There are
two options available in the programme: i) calibration option;
and ii) test option. The first option of the programme
provides an estimate of the parameters N and K for each of
the storms selected for the calibration using method of
moments. However, the second option of the programme may be
used to test the performance of average parameters, N and K,
of the model in reproducing the independent storms which are
not included in the calibration. The average values of
parameters N and K, which are considered as the input to the
programme while running it for the second option, may be
computed by taking either the geometric means or arithmatic

means of the values N and K for the storms used in calibration.

152 Definitions of Terminology

a. Unit hydrograph = As defined earlier, it is a hydrogr-
aph of direct surface runoff resulting from unit
excess rainfall falling uniformly over the catchment
in space as well as in time for a specified duration.

b. Instantaneous unit hydrograph - It is a unit hydrograph
of infinitesimally small duration.

Ce Excess rainfall - The part of the rainfall which appear



over the surface as runoff and later on contribute
to the stream of the catchment.
d. Direct surface runoff - The runoff resulting at the
catchment outlet due to excess rainfall.
e. Linear reservoir - The reservoir in which the storage
is assumed to be directly proportional to the discharge.
s Model efficiency - The model efficiency is, mathemati-

cally, defined as:

B =, - Fi)/FO ... (la)
1. . =12

Bo ™ g2 L@, ) = gl .. (1b)
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where, Qo(i) and Qc(i) are ith values of observed and computed
discharges respectively, Q is the mean of n values of
observed discharges, E is the model efficiency, F0 is the

sum of the squares of the differences between observed
dischargesand mean discharge, and Fl is the sum of the

squares of the differences between observed discharges and

computed discharges using the model.

(o8 Average Standard error- It is the root mean squaredsum of

differences between observed and computed hydrographs.
h. Average absolute error - It is the average of the
absolute valuesof the differences between observed
and computed hydrographs.
i 18 Average percentage absolute error - Tt is the average of
the absolute valuesof percent differences between

computed and observed hydrograph ordinates.




e Percentage absolute €rror in peak - It is the ratio of
the absolute difference in observed and computed
peak and observed peak.

k. Percentage absolute error in time to peak - It is the
ratio of the absolute difference between observed
and computed time to peak and observed time to peak.

5 [ Objective function - It is the sum of the squares of
the differences between observed and computed discharges
as given in equation (lc) .

m. Base flow - It is that contribution to a stream flow
hydrograph which results from releases of water

from sub-surface storage.

e Scope

The methods employed for the derivation of unit hvdro-
graph consider the rainfall as an lumped input. The program-
mes require the observed rainfall at each raingauge stations
and corresponding Thiessen weights alongwith the stream
flow discharge data at the same sampling interval. The
unit hydrograph derived from the particular data set will
have the duration of sampling interval. The programmes

estimate the following main components:

i. Base flow

i Direct surface runoff
AL Excess rainfall

bl 727 Uniform loss rate

V. Total rainfall excess



vi. The model parameters, N and K
Vi i IUH and UH ordinates, UH peak and time to peak
viii. Computed discharge, observed and computed peak and
time to peak.
ix. The errorfunctions which are:
a. Model efficiency
b. Average standard error
c. Average absolute error
d. Average percentage absolute error
e. Percentage absolute error in peak and

f. Percentage absolute error in time to peak




2.0 DERIVATION OF UNIT HYDROGRAPH USING NASH MODEL

el General Description

Nash considered that the instantaneous unit hydro-
graph could be obtained by routing the inflow through a cas-
cade of linear reservoirs with equal storage coefficient.
The outflow from the first reservoir is considered as
inflow to the second reservoir and so on. The mathematical
equation developed from general differential equation for

the unit hydrograph is given as:

U(T,t) = %{ I(N,t/K)- Ik(N, (t-T/K)) !} v e (2)
where,

U(T,t) = tth ordinates for the unit hydrograph of
duration T,

T(N,t/K)= incomplete gamma function of order N at
(t/K),

I (N, (t-T)/K)= incomplete gamma function of order N at
(L=~T) /K

It can be seen from the above equation (2) that the
unit hydrograph of duration T may be derived only when the
values of two parameters, N and K, are known. TwoO methods,
namely, method of moments and optimization method, are used
for the purpose of the parameter estimation. The unit

hydrograph ordinates obtained from the above equation are



convoluted with the excess rainfall in order to get the
computed direct surface runoff. The equation which relates
the excess rainfall, unit hydrograph and direct surface runoff

is given as:

0(i) = I, jz?l U(3) * X (i-j+1) <o o (3)
where,
0(i) = direct surface runoff at basin outlet at the
end of computation interval i,
B = jth ordinate of unit hydrograph,
X(i) = average rainfall excess for computational
interval i, and
n = number of rainfall excess ordinates.
202 Data Requirements

The data required for running the first computer
programme is to be described in the following form for
different storms in a particular catchment for first option

of the computer programme for calibration,

1 Catchment Area (km2)

31 B8 Data interval (hrs.)

AT, Number of storms to be analysed

iv. Number of raingauge stations and corresponding

Thiessen weights ( sum of weights must be equal to one),
for the first storm

Ve Number of rainfall records for first storm

vi. Rainfall depths ( mm) at time interval given in (ii)

at each raingauge stations for the first storm




Vid. Number of discharge hydrograph ordinates for the first
storm
viii. Ordinates of discharge hydrograph ( m3/s) for the first
storm at time interval given in (ii)

IR Repeat steps (iv) to (viii) for each of the storms

For the second option ( wherein testing is done)
of the first computer programme based on method of moments
the average values of parameters, N and K, are also required
as an additional information alongwith the above mentioned
information for independent data of storms not used in cali-
bration.

The second computer programme based on optimization
technique requires an initial estimate of the parameters
along with the data, as mentioned above, for the calibration
runs. The programme gives the values of representative
parameters and unit hydrograph ordinates for the catchment
corresponding to the minimum value of objective function
evaluated from the data of storms ( one or more in number)

provided for calibration.

263 Analysis
The analysis procedure used in the programme is as

follows:

a. Estimation of effective rainfall and firect surface
runoff - The average rainfall during the storms is
obtained by taking the weighted mean of the observed
values at different stations. The next step is to

separate base flow from discharge hydrograph to get

9



direct surface runoff. The method used here for
baseflow separation involves drawing of a line from
the rising point of the hydrograph to the recession
point on the falling 1limb of the hydrograph. The
separation of abstraction from rainfall is done by
using the uniform loss rate. A trial and error
procedure is adopted to locate the starting point

of rising hydrograph to be the same as the start of
the effective rainfall and the infiltration rate is
adjusted such that the volume of effective rainfall
equals the volume of direct surface runoff. If during
the trial it is found that this infiltration rate

is more than the rainfall depths in initial period
of storm, it is assumed that this rainfall is
completely lost as initial loss and does not contri-

bute to direct surface runoff.

Estimation of parameters - The parameters, N and K,
of the Nash model are estimated using the following
procedure for two methods viz. (i) method of moments,
and (ii) optimization method.
i. Method of moments

Theorem of moments introduced by Nash (1959), is
used to relate moments of input and output with
moments of impulse response. The equations used are:

MI

]
My - M = wx ... (8)

Il

o N (N+1) K2+2NK 1'% o (5]

1
2° ¥y = 2Mx




where,
1"y and 2My = first and second moment about the origin
of the directsurface runoff hydrograph

respectively, and

M ana oMy

- first and second moment about the origin
of the effective rainfall hyetograph
respectively.

The equations for nth moment about the origin of the
effective raihfall hyetograph and direct surface runoff

hydrograph are:

? Yi Y54 el 5 4 % §i t?
'oi=1 2 i o= i=1 --(6)
nys= =
% Yy i Yiy1 A % §
i=1 i=1 i
2
T m e £ v X, th
v i=1 _ i=1 l « w00
n x
? xi At ? xi
i=1 i=1
where,
§i = Uniform rate of runoff for the ith interval,
M = Number of runoff intervals,
n = nth moment about the origin,
gy - time to the mid point of the ith interval from
the origin,
m = number of rainfail blocks, and
At = time interval .

11



Putting n equal to one and two in the above

equations gives first and second moment about the
origin of effective rainfall hyetograph and direct
surface runoff hydrograph respectively. Substituting
these values of moments in equations (4) and (5)

and solving ﬁhese equations the values of parameters
N and K are obtained. The computer programme
NASH.FOR uses this procedure to estimate the

parameters N and K.
ii. Optimization method

In this procedure the parameters are estimated
by minimizing the sum of the squares of differences
between observed and computed hydrographs using
data of all storms used in calibration using Quasi
Newton optimization procedure. The programme
requires some initial estimate of parameters,

N and K, and estimates the parameters by searching
in the direction of steepest gradient of the
objective function for its minimum value.

The computer programme CONTI . FOR uses the
above procedure to estimate the parameters and

corresponding unit hydrograph ordinates.

Estimation of unit hydrograph ordinates - Both of
the programmes estimate the unit hydrograph ordinates

using the following equation:

12




U(mE) = ( 1/T) {I(N,t/R~IN, (k-T)/K) } ... (8)

where,
U(T,t) = tth ordinate for the unit hydrograph of
duration T , and
I(N,t/K)= incomplete gamma function of order
N at ( t/K) etc.
The unit hydrograph ordinates are estimated in the
SUBROUTINE DUHGAM using the above eguation. The
subroutine for incomplete gamma function computation
is called in this subroutine.
d. Estimation of computed discharge hydrograph - The
computed discharge hydrograph is obtained by
adding the corresponding base flow hydrograph ordinates
to the direct surface runoff hydrograph ordinates

estimated using the following equation:

m i
, = .Z , L i) * ey % @ 3
Yy 121 421 U(3) X (1=J3%1) ‘ (9)
where,
y; = computed direct surface runoff
U(j)= jth ordinate of unit hydrograph of duration
T hours,
X (i) = excess rainfall for computation interval
i of T hour duration, and
m = number of rainfall excess ordinates.
e. Estimation of error functions - After computing the

discharge hydrograph ordinates, the provision has




2.4

been made in the programme for computation of the
following error functions, which have been defined
earlier in section 1.2 :

(i) Model efficiency, (ii) Average standard error,
(iii) Average absolute error , (iv) Average
percentage absolute error, (v) Percentage absolute
error in peak, and (vi) Percentage absolute error

in time to peak.

Advantages and Limitations

The advantages of this method for the derivation of

unit hydrograph are:

i.

ii.

iii.

iv.

It always estimates ordinates of unit hydrograph as
positive ordinates.

It preserves the shape of the unit hydrograph.

The errors in input data are not able to distort the
shape of the unit hydrograph.

The optimization procedure based method is capable
of admitting a number of storm events simultaneously
for the representative unit hydrograph derivation.
Since only two parameters define the complete shape
of the unit hydrograph, therefore, the parameters
obtained from the gauged basins of the region can be
easily correlated with catchment characteristics of
the basin in order to get the regional relationships

for use in derivation of the unit hydrographs for the

ungauged basins of the region.




The limitations of the methods for the derivation of
the unit hydrograph discussed in this report are mostly
related to assumptions of unit hydrograph theory. As far
as possible storms for the unit hydrograph derivation have
to be intense and of short duration. However,such storms
are rare in practice. Therefore,one has to use the complex
storms for deriving the unit hydrograph. The technique
should not be applied as it is to derive the representative
unit hydrographs for those catchments which indicate highly
non-linear behaviour. This will necessitate suitable modi-
fications to change the parameters with rainfall input etc.

If optimization procedure is being used for the
estimation of the parameters, then one may need to study the
variation in the objective function with different sets

of initial parameters in order to get optimum solution.

15




3.0 RECOMMENDATIONS

The programmes for derivation of unit hydrograph
using Nash model can be used to derive unit hydrograph
for small catchments using the storm rainfall-runoff
data, as far as possible, for intense and short duration
storms. The programmes have been developed at National
Institute of Hydrology, Roorkee and tested on VAX-11/780
computer system. The programmes may run on other computer
system, having fortran compiler, after suitable modifi-

cations as per the software requirements of the system.
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APPENDIX I

DETAILS OF COMPUTER PROGRAM FOR NASH MODEL USING METHOD OF

MOMENTS

A. DESCRIPTION OF COMPUTER PROGRAMME

The computer programme NASH.FOR is written in FORTRAN-
IV language and run on a Digital Equipment's VAX-11/780
system. The programme derives the unit hydrograph using
Nash's concept of cascade model and also estimates the
computed hydrograph ordinates and the values of the error
functions. The main variables used in the main programme

are described below:

VARIABLE ' DESCRIPTION

CA Catchment area

DLT Sampling interval

D Unit hydrograph duration

AN Parameter N for the Nash model

AK Parameter K for the Nash model

NST Number of storms to be analysed

CB Flow at recession point of the falling limb
NSTAT Number of raingauge stations

WT One dimensional array containing the Thiessen

weights of each raingauge stations




NRAIN Number of rainfall blocks measured at the rain-
gauge stations

RAIN Two dimensional array_containing the values of
rainfall blocks at each raingauge stations

EFR One dimensional array containing average values
of rainfall blocks

NRUN Number of ordinates of observed discharge hydrographs

OBD One dimensional array containing the discharge
hydrograph ordinates )

BFLO One dimensional array containing the base flow
at each computational interval

EXR One dimensional array containing the effective
rainfall blocks

ODSRO One dimensional array containing the direct
surface runoff ordinates

oM1 First moment of direct surface runoff hydrograph
about the origin

oM2 Second moment of direct surface runoff hydrograph
about the origin

RM1 First moment of effective rainfall hyetograph
about the origin

RM2 Second moment of effective rainfall hyetograph
about the origin

UIR One dimensional array containing IUH ordinates

UHS One dimensional array conrtaining the unit
hydrograph ordinates

CDSRO Single array having computed direct surface runoff

COMPD Single array containing computed discharge

I-2/ 31



hydrograph ordinates

STE Average standard error

ABE Average absolute error

ABPE Average percentage absolute error

PEPEAK Percentage absolute error in peak

PETPEAK Percentage absolute error in time to peak

The main programme calls various subroutines for
different operations. The purpose of each subroutines and
the description of the variables used as arguments of the

subroutine is given below:

L SUBROUTINE RUNSEP (Q,BF,DRO, NNRUN, NNBEG, TTIME,CB)
This subroutine separates the base flow and computes
the direct surface runoff hydrograph. The variables

used as arguments of the subroutine are:

0 A vector of observed discharge hydrograph
ordinates

BF A vector of base flow ordinates

DRO A vector of direct surface runoff hydrograph
ordinates

NNRUN Number of discharge hydrograph ordinates

NNBEG The ordinates number at which the effective
rainfall starts contributing the direct surface
runoff after satisfying the requirement of initial
loss

TTIME The computational times vector

CB Flow at recession point on the falling limb

I-3/ 31




id.

iii.

iv.

SUBROUTINE RAINSP (EEFR,SSDSRO, DDLT, EEXR, NNBEG,
NNRAIN, AAINFR, SSRX)

This subroutine separates the loss using ¢- index

method and computes the effective rainfall hyetograph.

The variables used in arguments are described as:

EEFR A vector of average rainfall hyetograph-

SSDSRO Total direct surface runcff as an equivalent
depth %n mm.

DDLT Computational interval

EEXR A vector of effective (excess) rainfall hyetograph

NNBEG As defined in subroutine RUNSEP

NNRAIN Number of average rainfall blocks

AATINFR Uniform loss rate ( ¢ —index)

SSRX Total volume of excess rainfall in mm

SUBROUTINE MRUN (DSRO, NB, N, DELT, DM1, DM2)

This subroutine calculates the first and second moment

of direct surface runoff about the origin. The vari-

ables used in the arguments are:

DSRO A vector of direct surface runoff hydrograph

NB The same as NNBEG in SUBROUTINE RUNSEP

N Number of discharge hvdrograph ordinates

DELT Computational interval

DM1 The first moment of direct surface runoff
hydrograph about the origin

DM2 The second moment of direct surface runoff
hydrograph about the origin

SUBROUTINE MRAIN(REX, N, DELT, DR1l, DR2)

This subroutine estimates the first and second moments
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of effective rainfall about the origin. The variables

used in arguments are:

REX A vector of excess rainfall hyetograph

N Number of rainfall blocks

DELT Computational interval

DR1 The first moment of excess rainfall hydrograph
about the origin.

DR2 The second moment of excess rainfall hyetograph

about the origin.

SUBROUTINE DUHGAM (DUH, NDUH, PN, PK, D, IER)

This subroutine calculates a D-hour unit hydrograph

for a gamma function IUH. The variables used as argu-

ments are described as:

DUH A vector of D-hour unit hydrograph ordinates

NDUH Number of unit hydrograph ordinates

PN Number of linear reservoirs

PK Storage coefficient for a single linear reservoir
D Duration of unit hydrograph

IER An integer on return tells whether or not the

solution is found to be accepted. IER=) on
return, then the solution has been acceoted .
The SUBROUTINE DUHGAM calls another SUBROUTINE ICGAMA
which calculates the incomplete gamma function values as
required by the subroutine DUHGAM to derive D-hr unit
hydrograph. The subroutine ICGAMA and the variablés
used as its arguments are described as:

SUBROUTINE ICGAMA (A, X, GAMI, IER)

I=5/ 31



where,

where,

vi.

A the value for which the incomplete gamma function
is required.

X the upper limit of the integeration

GAMI the computed approximation to the incomplete
gamma function

IER a parameter which indicates whether an error
condition occurred during the execution of this
routine. If IER=0 on completion of the routine
then every thing went 0.K., otherwise some
error condition was detected.

The subroutine GAMMA is called inside the subroutine

ICGAMA to compute the gamma function value. The sub-

routine GAMMA is described as:

SUBROUTINE GAMMA (X,GAM, IER)

X the real, positive argument for which the gamma
function is to be computed

GAM the computed approximation to I(X)

IER Equal to zero for acceptable solution

SUBROUTINE CONVOL (QEST, UHH, REX, NRR)

This subroutine computes the direct surface runoff
convoluting the excess rainfall with unit hydrograph.
The variables used as arguments are:

QEST The computed direct surface runoff vector

UHH A vector of D-hr. unit hydrograph
REX A vector of excess rainfall
NRR Number of direct surface runoff to be computed

I-6/31



vii.

wviiil,

SUBROUTINE ERROR (OBSQ, COMPQ, N, SE, AE, APE)

This subroutine calculates three error functions from
observed discharge and computed discharge hydrographs .
The wvariables used as arguments are:

OBSQ A vector of observed discharge

COMPO A vector of computed discharge

SE Average standard error
AE Average absolute error
APE Average percentage absolute error
N No. of discharge hydrograph ordinates

SUBROUTINE RANK (Y, N)

This subroutine ranks the set of values in descending

order. It is used for identifying the peak and time

to peak of the unit hydrograph and discharge hvdrogra-

ﬁhs. The variables used as arguments are:

¥ A vector of the values to be arranged in
descending order

N Number of the-wvalues involved

INPUT SPECIFICATIONS

The input is to be supplied in two ways: (1) Through

terminal at the time of running the programme interactively

(ii) Through an input file.

(i) The details -of information to be supplied through

terminal interactively are given below:




TO BE ANALYSED ?

S.No Matter displayed on the Information to be supplied
terminal by the user through terminal
IS NAME OF INPUT FILE? Give file name having maximum
six characters, for example,
A=DAT
2 NAME OF OUTPUT FILE? Give a file name having maximum
six characters to store the out-
put information, for example,
OUT.DAT
3. CATCHMENT NO.? Supply the catchment identifi-
cation not more than ten
characters
4. CATCHMENT AREA? Supply catchment area( sq.km.)
in free format
5% SAMPLING INTEEVAL? Supply the data interval (same
for rainfall and discharge)
in free format
Sa DURATION OF UNTT Supply the duration of unit
HYDROGRAPH 2 hydrograph (hours)
ge= DO '¥OU WANT 1O Supply either 'YES' for
CALIBRATE THE MODEL? calibration option or 'NO'
for test option
a. AVERAGE VALUE OF N ? Supply the appropriate value
of N in free format
Bis AVERAGE VALUE OF K ? Supply the appropriate value of
K in free format
8. HOW MANY STORMS HAS Supply the number of storms

to be analysed
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Information regarding 7(a) and 7(b) will only be
required when user has preferred to use test option.
(ii) The details of information and their specificat-

ions which are to be supplied through an input file are:

VARIABLE FORMAT DESCRIPTION

CB FREE Flow at recession point
NSTAT FREE Number of raingauge stations
WT(I) FREE A vector of weights of each

raingauge stations

NRAIN FREE Number of rainfall values at each
stations
RAIN(I,J) FREE Matrix of rainfall values (mm)

observed at different raingauge

stations having rainfall values

at each stations in each column
NRUN FREE Number of discharge ordinates
OBD(1I) FREE A vector of discharge hydrograph

(m3/s) ordinates

G- OUTPUT DESCRIPTIONS

The specifications for writing the variables in an

output file are described below for the two options respectively:

i. Option-I (Calibration option)
VARIABLE FORMAT DESCRIPTION
TITLE (I) 10A1 A vector of some numerical or

alphabatical characters to be used

as identification of the catchment

I-9/31




CA F8.3
ODSRO(I) 10F8.3
BFLO (I) 10F8.3
AINFR F8.3
SRX F8.3
REXR (I) 10710.3
oM1 F10.3
QM2 F10.3
RM1 F10.3
RM2 F.10.3
AN F8.3
AK F8.3
UIR(J) 10F8.3
s7 Fl2.5
UIR(NR) F10.5
JJ I3
SUMI Pl2.5
UHS (1) 10F8.3
CCDSRO(I) F7.1

Catchment area (kmz)

A vector of observed direct surface
runoff hydrograph (m3/s)

A vector of base flow ordinates
(m>/s)

Infiltration capacity (mm/hour)
Rainfall excess (mm)

A vector of separated rainfall
values ( mm)

First moment of direct surface
runoff hydrograph about the origin
Second moment of direct surface
runoff hydrograph about the origin
First moment of effective rainfall
hyetograph about the origin

Second moment of effective rainfall
hyetograph about the origin

Value of N

Value of K (hours)

A vector of IUH ordinates

Area of IUH

I.U.H.peak

I.U.H. time to peak (hours)

Area of UH

A vector of unit hydrograph ordina-
tes ( m3/s)

A vector of computed direct surface

runoff hydrograph (m3/s)
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OBD(1I) Fisl A vector of observed discharge
hydrograph (m3/s)

BBFLO (I) il e A vector of base flow ordinates(m3/s)
corresponding to each discharge
hydrograph ordinates

CCOMPD (I) F7.1 A vector of computed discharge

hydrograph (m3/s)

UHS (NR) F5.0 U.H. peak (m>/s)

K 12 U.H. time to peak

OBD (NRUN) F7.1 Observed peak (m>/s)

J 12 Observed time to peak ( hours)
COMPD (NRUN) 7.1l Computed peak (m3/s)

L 12 Computed time to peak (hours)

EFF F10.2 Efficiency of the model

STE F8.3 Average standard error

ABE F8.3 Average absolute error

ABPE F8.3 Average percentage absolute error
PEPEAK F10.2 Percentage absolute error in peak
PETPEAK FlO.? Percentage absolute error in time

to peak

ii. Option-II (Test option)

VARIABLE FORMAT DESCRIPTION

TITLE (I) 10A1 As defined for option-I

CA F8.3 Catchment area (ka)

ODSRO (I) 10F8.3 As described for option-I

BFLO(I) 10F8.3 As described for option-I
_ AINFR F8.3 -do-

SRX F8.3 =clom
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REXR (I) 10F10.3 As described for option-I

_ F8.3 Average N

AK F8.3 Average K
UIR(I) 10F8.3 As described for option-I
57 F12.5 —do-
UIR(NR) F10.5 Sl
JJ I3 -do-
SUMI F12.5 il
UHS (I) 10F8. 3 o
CCDSRO F7.1 LEL
OBD (I) F7.1 -do-
COMPD (TI) F7.1 ~do-
BBFLO(I) F7.1 =do=
UHS (NR) F5.0 -do-
K 12 ~do=
OBD (NRUN) F7.1 -do-
J I2 -do-
COMPD (NRUN) B sl ~do=
L 02 =l
EFF 102 -do-
STE F8.3 =do=
ABE F8.3 =do~
ABPE F8.3 -do-
PEPEAK F10.2 =do-
PETPEAK F10.2 —d5=
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D. TEST DATA

i Input data for option-I (calibration option)

Catchment number
Catchment area

Sampling interval

Duration of unit hydrograph

807/1

2
823.62 km
one hour

One hour

Number of raingauge stations 5

Thiessen weights of the
stations

Number of rainfall values
observed at each stations
Rainfall values at each

stations (mm)

Number of discharge
values
Flor at recession point

Discharge values (m3/s)

0.1560

0.1710

hr. Stn.l Stn.2

0.1810

0.220

0.2720

Stn.3 Stn.4 Stn.5

T g 0

2 0 11

3 0 3

4 8 9

5 7 0

6 10 0

7 0 12
20
105 m3/s
58 - 155 640

2

65

370 430 440 285

30 132 120 115

I=13/ 3i

0 0
0 0
25 14
10 2
8 5.5
0 11
0 1.5
142 285 355
260 210 170
105 100




T Input data for option-II ( test option)

Catchment number 807/1
Catchment area 823.62 km2
Sampling interval 1 hour
Duration of unit hydrograph 1 hour
Average value of N 3.96
Average value of K 1.41 hours
Number of raingauge stations 5
Thiessen weight's of the
raingauge stations 0.1560 0.1810 0.2720
0.1710 0.220
Number of rainfall values
observed at each stations :
Rainfall values at each hr. Stn.l Stn.2 Stn.3 Stn.4 Stns5
stations (mm) 1) 0 0 2 0 0
2 0 aluk 0 0 0
3 0 13 6 25 14
4 8 9 15 10 21
3 7 0] 3 8 5s.5
6 10 0 9 0 11
7 0 12 1 0 1.5
No.of discharge values 20
Flow at recession point 105 m3/s
Discharge values (m>/s) 55 55 60 65 142 285

355 370 430 440 285 260
210 170 150 132 L20: .105

100
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E.

o

10

10402
111

COMPUTER PROGRAMME NASH.FOR

MASH MOREL FOR  AYERAGE M AND f- DOMPUTATION OF HYRROGRA
PHE AND ERBIRS AMR ALM0 DAL ITRRATION 7 THY MOned
DIMENSION EXROSO s QRERRITOO Y URSERL L0 s BELRC 100 s QRRL 100
DIMEMNSTOMN COUGPRO Ry s VU TLE 080y VXME (Rt s Y RCI0 s URCL0G T s L a0y
RIMENSION &FRuSﬂiaﬁSFLGciﬂﬂ}uwtxﬁénm;,zunalum;ai\aniunw HIRTC Hdiiry
DIMEMAYON DQORRA Ty s QUDME R0ty s UHSL00T  WY 8y RATHL S iy
1o CORBRNE LG0T s REFLQL TGN

BATA IYFus YEn s

CHARBUTER €8 FYLESFYLEN

MEETE (S 1)

FRREAT (84X, "MAKE OF INPUT FILET 41

REARIS: DY FYLE

FORMATI&A Y

WRITE (5,3

FORMAT(4%s ‘MAKE OF DUTPUT Frifre sl

REARCS 2 FyLEN

QPEMCUMEIT= z sFILE= FfirssraTuvwfnznf?

QPEMOUMY =da b B4 =F YL By RYATUR= "wrw e

HRITEﬂbauf

FORMAT LM "UATUSAENT MEo? 8y

REANCSe i (VI TLELDva f=1 51000

FORMATLLOAT

HRYTE (Ss 10

rﬂbhﬂfﬁﬂﬁ. CATOHRENY ambas g

REARCS#T Ua

NRIT&(nﬁhJ

FORMAT(S.s "SAMPLINE YHTERUAL P 1

REAR(ARY BLT

WRTTE S 2000

FORMAT(AX: "RURATION OF UMIT BYRR, %1

REARISs Y D

WRITE(Ss 1000y

FORMAT(A4Y: "RO YU wadT T CAL IRRATE THE MOBEL v g1
REARCS 1001 [aMs

FORMATIA4

IFCTANR FU . TYERY Ni=1

IF M2 EQ T BR TO 1402

WMRTTE(S.4

FORMAT(4%: ‘ANIRAGE UALUE OF Mo 9y

REARCS: &) AN

WRITE(Ss7)

FORMAT (4% "AYERAGE UaALUE oF K71 8y

REARICSs R AK

WRITE(S 111y

FORMAT (4% "HON BANY SY0DRND HAR T BE AMALYRERT 41
REARIS: 5. MBT

REAR(Is%) OR

RO 112 IX=14M8T

READ MO OF STATIOMS

REARL T MY MRYAT
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c REAR THIFS., WrIGHTS
REARLL umy (WTAT s X=3 s HBTAT Y

e REAR MD. OF RAIN FALL RLDCKS
REARIT R NMOAIN

C REAR RAIM FALL AT a4l HTaiTuds

REAR L1a%) C{RATHOY s fraY=1  MRAatds =1 MOTAT Y
RD 00T [=tsNRATH

( }' Y ~-|"a f"n
Rﬁ 1003 S=1sNETAT
AT ERLIISEFROT I ERATMO D LY L b
e REAR M. OF RUMMF BRLOCKS
BEARCY sy MmN
L REAR RUMOFT RLOCKS

REARCLs R OORRL s Ut s MAUNTY
WRITE(Ps21 )

3 FORKMATC20W: "UHHIT HYDRDERAPIL AMALVEIE- WAkl soniy -
WEITEL(D412)

3% FORMAT (402 1000 %7 1)
HRITELZ4230

13 FORMATL
TEOM2. 0830 60 TR 1064

14 FOEAAT (4K "CORPARTEON OF RRIEEREVER AMR CUAROEDR My RRERAPHS

TUBIHG MABH MOREL S AVERGE PakadETeig
L NE WRITE(2s18) (VITLELLal=1s140)

1t FORMATOAX : "CATUMMEMY MU a ¥ a1Ual Yy
WRITE L 2:1810R

1& FORRAT(REs "CATOHMENT sREAIAR BN a8 abr oA
WRIVE (2040 MARTATY

2431 FORMAT LA MO B RATMBAUGE S147X0MHS=2 a2¥s Y2
HEITELD A0 Y

X482 Faﬁhﬂlﬂi!ra MUTGRT F vl RATMEAUEE SiaiinKig
HRETEL e SARK (YLD s =t s S EAT Y

I48% fQPH%Y!I:%RFA
WRITELD: (948 MEATHN

1454 FORMATIAY "6l OF RAINFALL UALUER= 022 L X

HEITH {28404
;

'
FORHATA T

4454 Ko RAINFALL AT LACR SIATTOMS(MXI LIATTRY 7}
RO AARN =1 f87ay
=
uvswvryanawav «
3456 THRHATI AN CRTRTIN MR = 2% 230
wﬂxiaaL»; §71 CRAINAD» 75 11 s NRALN)
3457 FURMAY(10FR, 2}

2448 COMT INUE
/eI !E.{ 23 J4R8 ) NRUN

T4y FORMALCAL: “d) . OF RUMOFY YALWES=' 2%, T3
WRYTE (20 5409 )

34379 FURMAT (A0 "OREERVEDR DINUHARSE HORRGLRRAPHIGUNTTE Y )
WRTTE L2 08600 (uBROY 1 =t MRt

2480 FRaRpaYLIGER. 22
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4480

$&4
s

ig

2774

ARy
& '.} 7

200

2775
204

J840

2774

HETITE L2 44460108
FORMAT(4X: ‘FLOW AT WHICH RECFUSION STARTS " sFR.27

WRITE(2:12)
WRITEI2s 34411

FORMAY (30X "WEIGHTEDR RAYNFALL VALUES(MILLINTTRY )
MRITE (25084621 (EFRIYI I Y=1, MRAINY

FORMAT(10F] . 21

IFCM2. ER. 1Y 60 TR 100S

WRIVE(2: 1407 AMsak

FORMAT (A2 "AYERASE M- s 4K FR.I/AX "AVERABE K(HREI -3 4%, 88,3}
TINE (L =00

RO 1R [=2sHRUN

f=1-1

TIME( T =TINF(KISDLT

LONT IMUE

SUM=0 0

RE 2774 I=1:NRAIN

SHM=AUMSEFR T v e T

MERER=1

CALL RUNSEF(ORRBFLOsDRERQs MRUN s HREGs [ IRE . OD Y
SRERR=N O

RO AOOI=NBEG s RN

AREMI=HOGRA L ORIRNL L Y

SRERO=GRSRREM T

ARURN=[ORANEL, A0

CALL RAINGPLEFRSRORN: ML sE R HREG HRAIN ATNFR s SR
IFCEXRONBERYABT . 001 80 TR 201

MBEG=NREG1

g TH 202

MRS RN~ MR G+ 1

WRITEL2:i 20200 MR

FORMAT L4 (ML, OF [URECT SUREAUE RUMOFF=" 22X 137
WRETEL 212205

FORMATC20y "RARE FLOW (CONFERT Yy

WRITE (2320481 (RFLQCY Y X=MREG MR

WRITE( 220y

FORMATL20% ' RIRFCT SURFARUE RUNOFF (CHNEUS? ‘7

WRETE (2,208 (ORURIOY T LaMREE s pHRtin

WRITE(2+2775) Sitn

FORKAT(4Xs ‘TOTAL RATMPAIL (NI LINETER Y= s 2K F 10, A0
FORMATOAX 1T0FR. Ty

WRITE(2: 2001 AINFRsSRY

FORMAT(AXy "INFILTRATION CAPALITY (M HR - s 4XsF 8. /4%y “TOTAL
1 RAINYALL EXCERNIMMI- s A¥ FR. Ty

HAN=HRAIN-NBEGY 1

RO 208 Vet g dnN

REARCY r=f 2R/{I4MREG-17

SUNA=0 .0

RR 2774 [=taMRH

SUNR=SUMSREXRC LI 2RLT
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REQU=0UK2 /5UN
WRITE L2 4800 RROC

Jgss FORMAT (4 "RUNDFF COEFFIGRENT= ab .4
RO 207 (=1.4R

207 ARFLOCI Y =RFLOL [4HREG-1 )
WS XTE LD s 2Ug)

208 FORMAT (20 ‘SEPERATER BAIMFALL LALEBEY 1HILLIMETER: )
MRYTEL2 0wt (REMWIE oY=t ol

299 FORNATLAX s 10N 1L . 2D

TP OM2 ONE T B0t tung
CALL BRUNCORERDNBEG u0UN B T4l o it
CALL MEATMOREY dbta B Vafamt s M2
WEITELZ: 1106 QWL ONP s RMT s fied

11ué FORMAY CAK “FTRAYT MOMENT OF RERQ - 200 F 0 0090 " BECaN,. MunERT OF
1 DERO- 2N FIO A0 TFTERY BREENT OF ERM~ 2288 T, 5245 "8EC
ZONQR MRMEMT OF E8H- 23X Pl

ANK=ANT-tiK1
AR=CLANZ-RUD-2EANICRRIT F-ANKREE : ¢ a0
AN=AME AR

URITE (251007 1ANs &K
1067 FORMAT C4%s “WALUE OF = w288 5740 “YALUE 0OF KIHRRI= a2 bR AT
1004 CALE  RUHEAN (UM MR AN AK Ry TER Y
CALL GAMMA(AN GakNs TER
RTIME =0, 0
RO 7EBT 1=14MR
RYIME=RTIMELRLTY
EXP1=LYP{-RTIME/AK)
EXPR=(RTINME/AK L EELAN-1 .0
EXPA=1.0/LAKKGANN
UIRL(Ty=EXPILEY M IBEYP s
76R7 HIRCT =0, A7 7CARUIRLI LY
87=0.4
RQ 74RB I=1+MR
Q7=R7HUIRLLT Y
7488 CONT INUE
WRYTE( 247609
7689 FORMATLTOXs ‘T U H, ORRIMNATESDUMETSY 73
WMRITE(2 7690 (UIRIY Y X1 08y
7690 FORMAY (4K 10FR &)
HRITE(2: 76911 87
7691 FORMAT (4Xy "SUN OF ItH="4F12.5}
RO 7692 [=1aNF
7692 UIRR(IY=tIRCTY
CALL RAME(HTR ¥R Y
RO 7493 I=1:HR
IFCUHIRIMR Y NEUXRRITIY G0 TR 7453
dd=t
G0 10 7494
7692 CONT EMUE
7694 WRITE(2: 76957 UIR(MR Yy 4.8
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T4WH FOREAT(AXs "Xl My PEAK= 52X F 10, %4 /3 930 Tt M, VINE TR P
1EAR= 220 X&)
SUMI=t.0
RR 17 I=taNR
UR G T r=U{ T 1 anLT
BUMI=BUNIHURIDY

17 CONTTMUE
MRYTE(Z s 221 SUNT
23 FORMATOIOX “AREA OF thh= o712, )
NG 24 1=1a R
24 UHR D= 2T 2RUARUMI T 1
WRYTE(2e 840
145 FORMAT(20%, "UNIT HYRRQERAPH QRRINAVES(CHMETR) )
MRITE(2s 048 CUMSLT e E=1a M
344 FORMAT (4% 10FS, 31

R 4 f=1.phN

2874 REXR(I =0, 27 7RRUASREARLLY
CAbLL CoMUOL fCRERE R REXR N8
DR G I=19MR
R=T4MREG:

24 COMPREK I =URERML T T+ BFLQIRY
mr o Y=l MREG
308 couenitr=nnrnil:

IF M2 M 1) URETEAZ 140
IFCNZER. T WRITELZ.311%)
it 2907 Y=1 .4 6N
t=1
IFOHREGVLE Y CORBRULT =00
IFORLECHBERY G T W RY
CORRRDI I r=CRERQ{I-MRFRY
Fdivg CONT (HUE
R 2%ER [=1sHEN
k=1
IFLW LT MBEG) BRFLDAII=RERLI
IFAR LT MREGY G0 Trd Q9B
REFLOIT r=ARFLOLI-NREGST
2948 COMTINUE
MRYTE (25130
WRITE (D222}
1119 FORMAT(4Xs ‘COMPARISON OF QRSERVER alR COMPUTEDR HYRRQGRAPHE
1 NG ACTHAL PARARETRER"Y
WRITE(Z2s271
27 FORMAT(AXs "ORDINATE NQ.‘s4Xs ‘OREERVEDR DIBCHARGL " 4%s "RAKE T
TLOW 84X “RIBEDT SURFALE RUNDEFE “ 04X "CONPUTER RESCHAREE Y
HRITE (24127
RO 28 X=1 s MRUNM

K=1

WRITE(2:29) KsORRCIY«RRFLOCI):CORBRO(Y Y CONFRIL)
29 FRREMAT(AY £ 1SN P a8 P Lo AR Y L RN Y 1)
28 CONMT IHUE

I-19/31




DR GO0 T=14NR

&00 TS SENTILAS &
CALL BANKUHE MRy
DR &1 I=1sNR
IFCUHSOHRY JHE UMH(TTY 80 TQ &1
=1
B0 TR 703

&01 COMT LHULE
3 URITE (2800 UHB(MRI K
&02 FORKAT AN "t PEAKIHREL =" 2N FR.0S

145 UHe TINE TR PFAR (HRG = 72X 100
|2=0.0
DR G835 I=1sHRUN
4833 HE=uR40RRL
ANRN=MEUN
SHEANTRZ AMELN
Q=0 0
B4=1), 0
D EBIE I=1:HRUN
SA=RHRRAL L - NUEAN IR
4836 S4=H44+ (RO T T -COMPROL Y PRRE
EFF=4 (RE-a iyt 0
HRITE(2:6BA7) EFF
4817 FORMATOAY  "EFFYCIENGY OF THE MORSL= "o 10,21
R SO 1 s MRUN
QORQLTi=0RILL T
603 COOMPROT r=00NPRCT )
CALL BAMKIRQ Rt
CAaLL RANMRITOAPDR MRUNY
RO A0 Y=1s NEUN
IFCORROMRUNY JNELQURDOT Y G TR &04
d=1-1
g0 Th 701
604 CONT IMUE
741 WRITE(2:4600) QRIROMAUNY S
405 FORMATOAX: “ORE. PEAK (HBRA = 0 P Loy
1 ORBERVEDR TIMF TO PEAK (HER = #3000 1Y
RO GO& Ll g MUN
IFCCOMPRONRUN MECOOMPROD Y BT YR80S
L=f-1
G0 TQ 702
604 CONTINUE
702 WRITF(22807) COHFDRINRENY sL
607 FORMAT AN "COMPUTER PEAK (BN = 02X PV 178K
TAOOMPUTEDR TIXWF TQ PEAK AHRRI=" 2N X3
CALL ERROMCODRN COMME N M BTE s AR ARPE Y
WMRITELZ22¥0) STEsAREsalkPE
30 FORMAT(4Xs “AVERABE STANDARD ERROR=" M FB A/ "AVREARE AR
TOULUTE ERBOE= D0 FE /AN PAVERAGE PERCEMVARY ARTRLUTE WRROR
2=y 28FR I
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483%

144
1435
150

33

¥

PEPEAK=(ARULQRDMRUN  ~CONPRINRUN Y J /ORDIHRUN YRG0

Ad=d

AL =t

PETRPFAK=(ARSIAL-AL Y /B IRIN0 .G

WRRITEL2:8808 POPEAKSPETREAK

FORMAT/4Y sy ‘PERCENTABE ARGRLUTE ERROR "IN PEAK= s F18,24/9
14Y: ‘PECENTANLE ARSDLUTE ERROH (W TIHY T PEAK= 10,20
WRITE(2:13)

RO SH39 I=1:HRUN

REXR(I1=0.0

COMTIMUE

CLOUE(UNIT=11

CLOSE(UNT =2

2T0F

ENR

XA RN RN AN TR TTAN AR EFTATATE T ST EFAR TN FAA TR TS NE AT AT FYAE
SURBRUTENE RATMNGPCER R nERRR0 DAL s EEXR s NOREUH MNRATH s AR TNFR
Lo RERAY

QIKENEION EEFR(TOr « FEXROGO oS0

AATINER=0, 0

Mht=0

[ERXN D

RO 150 I=MNNREG: NMRAIN

RXRLITY=EEER( - AArRennty

IF(RXROIY LE vaf) G0 TR 1470

EEXRLLY=RENITY

MMM RRE T

G TR148

EEXRIII=0.0Q

ARE=RARKFECERNCT Y

COMTYMUE

IF(IARBISENERO-~BERNY ) A (BERRROQY =0 B0 1209 20 45
ATNFL=IRRY ~HRNEROY NN

AATNFR=AATIMFREAINF

G T 18

CONTINUE

RETURM

EnMD

BERE R RRARE R RN AL RS R AR LR R KD ELRL LR LR AR R R AR R AR
SURRBDUT INE CGAMMALY s GAMa XER T

IER=997

IFL0 LT 0 01 RETURN

IEN=0.0

IFCHWLE 20,00 B0 TO 10

Y=1 o A 0XSX

P07 IRICETE-TRY -0, 277 7LRG4TE-2 0040 RAUZIRZALSE 1
e

GAR= (X0 SIRALOBIA I X+ RIRPIRTRLP

GAM=EXPUANK)
RETURN




10

40

Y=AINT(X)

N=Y-2,

Y=y

GAM=(( (0, 10020RSSRSE-1RY-0, 2427052285 -2 Y40, 77549276617
1RY}

CaN=(((GANLO BOI7RZAVATE-11Y40, 4121029027 1 Y40, 4227663670 IRY
GAN=GANL1 . OG0000RTYT

=10

YP2=Y42,

IF(NY A0 7080

CONTINUE

T HEGATIVE H

43

&0

H=TARGIMY

N0 4% I=1sM
Ti=Tial{ypad-I1t
Ti=1.0/71

go T 74

CONT ITHUE

¢ POSITIVE N

i

M=pt-1
DQ &5 I=0sM
Ti=TER{YPALY

GAM=GANETL

RETHS

EpR
RN R R LR R LR AR RN R R R R LR

SURSQUT INS CRNVRLIRERT UM REXA s NRRD
RIMENSION REST(1001sUHHII0U ) s REX(S0T
BQ 20 Y=1sMRR

SUN=0. 0

RO L0 d=sts ]

=441

SUM=GUMEUHE (PR (K )

REST LY r=51H

RETURN
END
RS R R R LR R LR R R R

SUREDUT N ERRUEIORNR TOMPA: Mta BE A APED
DIMENEION QREQISOr - CORPRIBOD

SURI=0. 0

Ad=H

RO 10 Y=1sM

AU =B (RORPR O - nRBa (L PRRE
SUKT=RUNT AN

SE=RARTISUNLY

SUNZ=0.0

SUNMI=. O

oo 20 I=1.M
BUM2=SUNZHARBICONFQRIT I -QRRA(X 1)
SUNE=GURZS (ARTICOMPRC Ly -QREGL D P AOARBUIT 2
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i [

L B o ]

11

3

CONTITNUE

SUMZ=SUN2 /BN

AE =3UN2

SUMA={SUMZ/ AN K10

APE=GUN

RETHRN

END

AR AR RS SRR R LR R R LR AR R R R AR R LR

THIS SURRQUTING GYUES RANEK TR AMY VECTOR COLUMN TH RESUEMRINR

SURROUTINE SBANKIYsMY

RIMEMARTON YOO

Mi=N-1

RO 3 Y=1sMi

K=H-1

po X t=tal

IFCYLr=Y 02410 03:352

QAUE =Y (4]

U ER NG S8

0L T =RANE

COMNTINUE

RETURNM

END
#*ﬁ####1#1*1#*#########*#&#J####ﬂﬁﬂ#ﬂ#ﬂﬁ##ﬁﬁﬁﬁﬂ#ﬁﬁﬁﬁ#ﬁﬁﬁﬂﬁ
THIS BUSKOUET I GIYER FIRGY AR SEoOMR MREENTS i huaRn
SURRDIUITINHE MEUMIDAED: MR M5 REL T RIT o R D
RIMEMITNN RURN AN SHM IS s T N0

R 14 I=MBaN
ﬂUHﬁI?=ﬁU3EQ€[)@QSRH{K+1}?JﬁrG

a0

RO 11 Y=MRaYd

TINELT h=AKSRELT /2

A=A+ RELT

COMTIMUE

ol S

82=0.0

83=0 .0

oo 12 IT=MR«i

Si=0l4nUMII

QR=024 QUM DrRT EME (L)
%3:S3+SUH{I?#TIHE€ikkfIﬁE!I]

CONTIHUE

DH1=H2/81

DE2=R/81

RETURN

END

R AT AL RO R AR RSN R R R LR R LR
THIS SUBRSQRUTEME GIVER FEELT AMR HENOHR MOREMNY IE R BAIN
SUBRRQUT IHE WRATHIREY s Mo REL To Rl o IS
RIMEMS LI BEMN S0y T IMECH

al=0. 0
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B0 14 i=1si
TINECT =aR4RELT/2
A=A RELTY

i COMTIMUE
Si=l .0
SR=0.0
Q=0 0
oo 11 I=ta
Si=Ri4REX(LY

11

REZ=RA781

RETURN
END
R AR R AR T E AR NN SRR AN ER LR AL
SLRATUT EME RUSTAN ( QU et b s B LERY
3 CALCULATE & D~ PERIOD UMIT HYDROBRAPH FOR &4 GAMNA FUNDTIQN IUH
RIMENARTON RUHMDUH?
Call BaMMAIRM.GaMs IERY
IFLIERHE Y 3700 770
Ti=1.0/0aK
IF(R.BT.0.00 B D 100
Ti=71/PK
DUHIL Y00
REL TA=NPY
TR=REL T
PRIZPM-1 0
RO 1o D=2 MR
RUM( T =T LRF R T RaRS T2 RPN
10 TR=TADELTA
GO TR P00
100 RELTA=0/PK
DUl =0 0
T2=DRELT
RO R0 D=1 MDUM
DALl IORAMAIPH: TR UANYL: (R
RUHR=RAK]T
RUMY T p=f QUHZ-DHEL 1 /T
Rt =R
20 T2=T24RELTA
200 RETHRM
ERR
c [F SR R E AR R B R A AR TR AAAR AR YL SIS E IR ARTFEAATF AL ER AT LS
SUBRRRUTIHE IUHANACA X GAKL TERY
o CALCUHLATES THE INCOWPLETE GAKMA FUNCTION
[ER=0RS
IF(KWE 001 RETURN
MEMA=10

L]
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RETURN

ENQ
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CONT INUE
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RFE(T:=0(1}

BEQLT k=t 0

RETURY

EnR
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F., EXAMPLE APPLICATION

a. Test input for option-I - The input data
required to run the programme for option-I are supplied as
follows:

i) Information supplied through terminal:

NAME OF INPUT FILE ? TEST.DAT
NAME OF OUTPUT FILE ? OUTL1.DAT
CATCHMENT NO.? 807/1
CATCHMENT AREA ? 823.62
SAMPLING INTERVAL ? 1

DURATION OF UNIT HYDROGRAPH? 1
DO YOU WANT TO CALIBRATE THE MODEL? YES
HOW MANY STORMS HAS TO BE ANALYSED? 1
ii) Information supplied through the file TEST.DAT:

105

0.156 0.181 0.272 0.171 0.220

20

55 55 60 65 142 285 355 370 430 440
285 260 210 170 150 132 120 115 105 100
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b. Test input for option-II - The input data required
to run the programme for option-II are supplied as follows:

i) Information supplied through terminal:

NAME OF INPUT FILE ? TEST.DAT
NAME OF OUTPUT FILE ? OUT2.DAT
CATCHMENT NO. ? 807/1
CATCHMENT AREA ? 823.62
SAMPLING INTERVAL ? 1

DURATION OF UNIT HYDROGRAPH ? A

DO YOU WANT TO CALIBRATE THE MODEL ? NO

AVERAGE VALUE OF N ? 3.96

AVERAGE VALUE OF K ? 1.41

HOW MANY STORMS HAS TO BE ANALYSED? 1

ii) Information supplied through the file TEST.DAT:

105
5
0: 156 0.181 .272 0.171 0.220

o N K DS B 9 0 0 12

20
55 55 60 65 142 285 355 370 430 440

285 260 210 170 150 132 120 415 105 100
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G Test Output for Option-I
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APPENDIX II

DETAILS OF COMPUTER PROGRAMME FOR NASH MODEL USING

OPTIMIZATION

A. DESCRIPTION OF COMPUTER PROGRAMME

The computer programme CONTI .FOR is written in
FORTRAN-IV language and run on VAX-11/780 system. The
programme estimates the parameters of Nash model optimizing
(minimising) the objective function, sum of the squares of
differences between observed and computed direct surface
runoff hydrograph ordinates, using Quasi Newton procedure.
The programme also computes the discharge hydrograph and
the values of the error functions. The variables used in

the main programme are described below:

VARIABLE DESCRIPTION

CA Catchment area

DLT Sampling interval

D Unit hydrograph duration

AN Parameter N for Nash model

AK Parameter K for Nash model

NEV No. of storms to be used for analysis

BBC A vector containing the flow at recession point

of observed hydrographs
NSTAT Number of raingauge stations

NRAIN Number of rainfall blocks observed at the raingauge
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WT

RAIN

EFR

NRUN

OBD

BFLO

REXR

XS

YS

NDUH

NXS

NYS

UHS

CBFLO

stations

A vector of Thiessenweights for each raingauge
stations

Matrix of rainfall values at different

raingauge stations

A vector containing average valuesof rainfall blocks
Number of discharge hydrograph ordinates

A vector of discharge hydrograph

A vector of base flow ordinates

A vector of excess rainfall blocks

A real vector containing the input series for each
event in series. Each series does not need padding
with zeros and thus the total number of elements is
the sum of the number of input values for each event
A real vector containing the output series for

each event in series

Number of unit hydrograph ordinates

An integer vector containing the length of each
individual excess rainfall blocks, in the same
order as they appear in XS

An integer vector containing the lengths of each
individual output series in the same order as they
appear in YS

A real vector containing the unit hydrograph
ordinates

A real vector containing the base flow values for

each event in series




YPRED A real vector containing the computed surface

runoff for each event in series

STE Average standard error
ABE Average absolute error
ABPE Average percentage absolute error
EFF Efficiency of the model
PEPEAK Percentage absolute error in peak

PETPEAK Percentage absolute error in time to peak
The main programme calls various subroutines for
the different intermediate calculations. The followina
subroutines are required to run the programme:
i. SUBROUTINE RUNSEP (Q,BF,DRO,NNRUN,NNBEG,TTIME,CB)
ii. SUBROUTINE RAINSP (EEFR,SSDSRO,DDLT,EEXR,NNBEG,
NNRAIN,AAINFR , SRX)
iii. SUBROUTINE DUHGAM( DUH, NDUH, PN, PK,. D, IER)
This subroutine calls two subroutines:
a. SUBROUTINE ICGAMA (A,X, GAMI, IER)
b. SUBROUTINE GAMMA (X, GAM, IER)
iv. SUBROUTINE ERROR (OBSQ,COMPQ, N, SE, AE, APE)
v. SUBROUTINE RANK (Y, N)
vi. SUBROUTINE KER16M (XS, YS, NXS, NYS, NEV, Pl,P2,
NDUH, DUH, IER)
This subroutine calls:
SUBROUTINE OPTQN (X, N, FUNC, TOL, ITMAX, IPRT,IER)
The subroutine OPTQN calls the following sub-
routines:
a. SUBROUTINE UPDATE (HES, U, N, S1, IER)

b. SUBROUTINE TSOLV1 (AMAT, RHS, ANS, N, IER)
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Cc. SUBRQUTINE TSOLV2 (AMAT, RHS, ANS, N IER)
vii. SUBROUTINE CONVM (XsC, YPRED, NXSC, NYSC, NEVC,
DUHC, NDUHC, NOYS)

Subroutines (i) to (v) have already been described
in appendix-I. The purpose and the description of the vari-
ables used as arguments for other subroutines are given below:
Voo SUBROUTINE KER16M (XS, YS, NXS, NYS, NEV, P1l, P2,

NDUH, DUH, IER)

This subroutine transfers the final values of the
parameters and the unit hydrograph ordinates to the main
programme. The calling arguments are:

XS A real vector containing the input series for each event
in series

YS A real vector containing the output series for each
event in series

NXS An integer vector containing the lengths of each
individual input series in the same order as they
appear in XS

NYS An integer vector containing the lengths of each
individual output series in the same order as they
appear in YS

NEV An integer indicating the number of separate input
output events

Pl Parameter N for Nash model

P2 Parameter K for Nash model

NDUH Number of unit hydrograph ordinates

DUH A real vector containing the values of unit hydrograph

ordinates
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IER

An integer set by this subroutine to indicate either
a succesgsful estimation or a failure. If IER = 0 then
estimation was successful otherwise failure

Subroutine KER16M calls the subroutine OPTQN which

estimates the optimised parameters N and K. The subroutine

is of the form:

SUBROUTINE OPTQN (X,N,FUNC,TOL, ITMAX,IPRT,IER)

where the calling arguments are:

X
N

FUNC

TOL

ITMAX

IPRT

IER

during

A real vector containing the parameter values

An integer indicating number of the parameters

Value of the objective function estimated from a
function subroutine, FUNCTION F16M (XP) where XP

is a real vector containing the parameter values
Tolerance limit specified as lO_3 in the programme.
If the absolute difference between old function value
and new function value is less or equal to TOL, the
programme uses it as a stopping criteria

Number of iterations specified as 200 in the programme
Print control having some positive number specified
as 10 in the programme

Indicates success if IER = 0

The subroutine calls the following three subroutines
the optimisation:

a. SUBROUTINE UPDATE (HES, U, N, S1, IER)

This subroutine updates symmetric positive definite
Hessian matrix and stores in condensed form. The
calling arguments of the subroutine are:

HES A real vector containing the elements of
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Hessian matrix

U A working vector

N Number of parameters to be optimised

Si A working real constant

IER Equal to zero for the success of the routine

b. SUBROUTINE TSOLV1 (MAT, RHS,ANS,N, IER)

This subroutine solves upper triangular set of simu-
ltaneous linear equations and stores the coefficient
matrix in the condensed form by row. The calling
arguments are:

MAT A real vector containing the elements of
upper triangular matrix
RHS A real vector containing the elements of

right hand side of the linear simultaneous

equations

ANS A real vector containing the values of
unknowns

N Number of unknowns

IER Equal to zero for the success of the routine

C. SUBROUTiNE TSOLV2 (MAT, RHS, ANS, N,IER)

This subroutine solves lower triangular system of
equations and stored the coefficient matrix by column.
The calling arguments are:

MAT A real vector containing the coefficient
of lower triangular matrix
RHS A real vector containing the right hand

sides of the linear simultaneous equations
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ANS A real vector containing the values obtained

for unknowns

N Number of unknowns
IER Equal to zero for the success of the routine
vii. SUBROUTINE CONVM (XSC, YPRED, NXSC, NYSC, NEVC, DUHC,

NDUHC, NOYS)

This subroutine computes the direct surface runoff
(output series) convoluting the excess rainfall (input
series) of each event with the average unit hydrograph and
also stores the computed direct surface runoff hydrograph
of each event in series. The calling arguments are:

XscC A real vector containing the input series for each
event in series

YPRED A real vector containing the computed direct
surface runoff for each event in series

NXSC An integer vector containing the lengths of each
individual input series in the same order as they
appear in XSC

NYSC An integer vector containing the length of each
individual output series in the same order as they
appear in YPRED

NEVC An integer indicating the number fo separate
input-output events

DUHC A real vector containing the unit hydrograph ordinates

NDUHC Number of unit hydrograph ordinates

NOYS An integer indicating total number of elements

stored in real vector YPRED
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B. INPUT SPECIFICATIONS

The input specifications for the. programme is the same
as for the programme NASH .FOR(see Appendix-I) except the
initial values of N and K is to be supplied in free format

through file in the beginning.

C. OUTPUT DESCRIPTIONS

The output file consists the following variables of

the main programme in different specified format:

VARIABLE FORMAT DESCRIPTION

TITLE (I) 10A1 A vector of some numerical
or alphabatical characters to
be used as identification
of the catchment

CA F8.3 Catchment area (kmz)

ODSRO(I) 10F8.3 A vector containing direct
surface runoff hydrograph
(m3/s)

BFLO(I) 10F8.3 A vector containing bése flow

ordinates (m3/s)

AINFR F8.3 Infiltration capacity (mm/hr)
SRX Faa3 Total rainfall excess (mm)
REXR(I) 10F10.3 A vector containing separated

rainfall values (mm)
NDUH 14 Number of unit hydrograph
erdinates

IT-8/ 33




SUM1

UHS (I)

UHS (NDUH)
K
LIT

YPRED (I)

YSQ(I)

YPREDQ (I)

EFF
YSQ(L1)

J

YPREDQ (L1)

L

STE

ABE

ABPE

PEPEAK

PETPEAK

B12.5

10F8.3

F5.0
I2
13

10F10.3

P71

F7.1

F10.2
F7.1
I2
F7.1
12
F8.3
F8.3

F8.3

F10.2

El10. 2

Area of unit hydrograph

A real vector containing the
unit hydrograph ordinates
(m3/s)

U.H. peak (m>/s)

U.H. time to peak (hours)
Event number

Computed direct surface runoff
hydrograph (DSRO)

Observed discharge (m3/s)
Computed discharge vector
(m3/S)

Efficiency of the model
Observed peak (m3/s)

Observed time to peak (hours)
Computed peak (mj/s)

Computed time to peak (hours)
Average standard error
Average absolute error
Average percentage absolute
error

Percentage absolute error in
peak

Percentage absolute error in

time to peak

In addition to the above variables, the output file

consists the intermediate steps of optimization calling the

subroutine OPTQN with the arguments.
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D. TEST DATA

Catchment number

Catchment area

Sampling interval

Duration of unit hydrograph
Initial value of N

Initial value of K

Number of raingauge stations
Thiessen weights of

the stations

Number of rainfall wvalues

observed at each stations

Rainfall wvalues at each

stations (mm)

Flow at recession point
Number of discharge values

Discharge values (m3/s)

807/1
823.62 km
One hour
One hour
3.00

2.00

5

0.1560 0.
01710 0.
7

Hr. Stn.l
1 0

2 0

3 0

4 8

5 7

6 10

v

105 m3/s
20

55 55
355 370
210 170
105 100
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1810

220

0.2720

Stn.2 Stn.3 Stn.4 Stn5

0
Ll

13

12

60

430

150

2
0
6

15

65
440

132

0
0
25
10
8

0
0

142
285

120

0

0
14
21
5.5

G
1.5

285
260

115
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COMPUTER PROGRAMME CONTI.FOR

DIKENSION EXRISO) QNSRS sCREROALEOY RELO IS0 s QRSO
RINEMSTON CONPRISHY s PITLECSOY s FXME LSO BIRCE0 ) o UR {50
DIMENSION EFRISOIsARFLRISO) «RENRISO T (HH IS0 o MR 2000
DIMENSTON (NIREG Sy s CORMPRL GO 1o LS 0 S0y s 6T (00 s RA LN L5050
LM LSO s NYSCSO T s K AS0 T 0 F (S0 s XRODNN0 Y 0 YO L2000 s URFLOQ( 2000 §
DYRRLA000) YPRERC200E ) s YPRERD (2000 Y s MUREH (S0 ) e ANRURL S0 )
ZaUHI200 7 s RRO(SYY '

CHARACTER %& SYLE.FYLEN

MRITE(Ss1)

FORKAT(4Xs "NANE OF INPUT FILE® 3

REAR(Ss 2T FYLE

FORKAT(4a)

MRITE(S, 3}

FORMAT(4¥s ‘MAKE OF QUTPUT FILET %)

REAR(H:2Y FYLEN

DPENIUNIT=1sFILE=EYLE s STATUS Y R° )

QPEMNIUNTY =2 FILE=FVLEM BTATUS = NEW " ¥

WRITE (S8

FORMAT(AY s CATOHMEMY ML 7 82

REARCS S 1(TITLE (T aI=1 010

FORMATCTuaT

WRITE (S 1y

FURMAT (4Xs ‘CATOHRENT ARSA? 63

REAR(S: %1 ©4

WRITE (5.5

FORMAT(A¥ s ‘SANPLING INTERVAL? 8}

REAR(Ss%Y DLT

WRITE(S 999}

FORMATLAX s "UNIT HYRRRGRAPR DURATIONT 781

REAR(Ss 4D

Hi=0

K2=0

K=t

K21

KI=1

M3=0

MRITE(Ss 11t}

FORMAT(4)s "HRW MANY STORNS HAS T RE AMNALYGER? 41
REARITs %Y MEY

REARCTsRY AMsak

DO 112 It=1sMEY

TII=11

REAR(Ts R YRRO(ITY

MR ETE(29S85%) Y[

FORMAT(4Xs "EXCESS RAIN AR RIR., SURE. RUNOFF DETAIL FOR
LEUENT M, - 127

READ MR QF STAVIQNS

REAR(I%) WATAT

REAR THIES, WFIGHIS

REARILs%Y (MTU{LYaX=1aNRTATY
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is

18

ig

A0

REAR NG, OF RAIN FALL BLOGKS
REARCLs %Y MEAIN

READR RAIM FALL AT EACH STATIONS
REAR (1o%) (ORATMOY s e Xal s MEATMYs d=1a NRTAT
R 1403 I=1sHRATN

EFRIT =00

RO 1003 I=1aNRTAT
EFRATI=FERITIERATMO L s Loty e by

REAR N, OF RUMOFF BLOTKS

REARCT %Y MRUN

REAR RUNCGEE BLOCKE

REARIT o h Y CORRET va Lol n RN

MRITELD 10y LTITLEC I al=1ad0n)
FORMAT (X “CATUMMEMY MO - s 84X 1081
WRITEL? 16 10R

FORMATISY . "CATOHMENT AREA- 1447800
TIREL =00

RO I8 I=da Rty

f=1-1

TIRELT ) =TINE(f4DLT

COMTIHUE

MEBET=1

CR=RBOCLT:

Call RUNSES{ORD BFLQ QRERN MR MREGs {INE 08
SRERI=G .0

R 2O0T=NBEGs MRUN

SRER=50URR+0nRER 1

SRERQ=HRERENT

SRERQ=GRUREEL o0y

Catl RATNSPLIERRURERD R Vs EXR HREG MBS LN A LNPR s HR)
IFCEXNROMREGY QY oty GQoT0 203
NREG=MREG+H1

GR TR WL

WRITE(R- 2020

FORKAT (20, "RIBECT SURFACE Rupuly (Qupbyso
WEITEOZ 2041 (QRAERQLY Ta YRR ity y
FORMATI4¥: TOFR T

WRITE(Z: M5

FORMATOZ2GX: “RARE P QW (OURECEY )
WRITEOS 204 (RFLOCT Y Lo s NERUN
WRITEL 224501 AINFR.GRX

FORNAT AR "INFILTRATION CAPATTIY (MR HRI-" s 4e B, Ar 4y

1 RATMEALL SMUFSRINM - 40 FR.TY
HE=NRUMN-MEFG4T

MEM=NEA LM R G4

D 208 I=1sNEH
REXRITI=EURII4+MBEG-1 )

IFCMRER LJER.Ir GO TR &F&%F

D0 2070 (=1 eMBER-1
RFLQL D y=0RDA T
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[
LT

SO0
S0

3002

BRI

G004

SQ07

4R34

WRITE( 2208
FORMATL20%. "SEPERATER RAINFaALL UALUEYS (CUMECS: )
WRITE 2209 (RELRIY s Y=o MENY
FORMAT (44X 1010, 3

HR1=NRr-1

MYSLITi=NRT

RO RG4& I=1aNR1

KLT1=0.0

Y{li=(.0

R SO03 Y=1:4RN

YOLI=REXR{T

o0 G002 I[=1siR1

YOT =008 THMRER IR &/0A

HARCIT I=NRN

HI=MI4NXROYTY

JS=0
Do GOGT I=1a0t
d=d4t

KELT =Xl 40
2=M2HMYRITI

=1

RO G0dg [=2:H2

K=+
YRLLr=Y iy

MI=MIA MR

L=0

QOG0T T=iIs K2
L=f4d

CRFLQLY r=RFLOCL
fKi=Mi+1
MMBEG{X T 1=MRER
MELVEN

RI=W341

AMDBUHIIT r=NYSOET

MELLTT MRty

COMTTMUE

CALL BONKLANDUHHMEY Y

MOUH=ANDRUM I MEY

WRITE(2:49R&: MDLUK

FORMAT(4X "ND, QF tMIT HYDRRDGEARE QRDIMNATES="s14"
Catl, MERLTAMIYRa YRRy RadEY AN Al MRUH s LU (ER )
LALL DUHGAM UM NDUH s AN AR s R TER Y

Call COMURONE YPRER NS0 MY R MEW o UHo HRUH NOYS Y
SUMI=0. O

DR 17 I=1.80UH

URCTI=UHIII4RLT

BUM =0 f4UR(T )

COMTINUE

WRITE/Z 231 8UNT

FORMAT O TAREA OF (M= a1 1282

-
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DR 24 I=1s:WRUH
24 UHRCT b=, DI OR0ARURLI T
HRITE(R: 3457
X453 FORMATI20X, "UNIT HYDROGRAPH OQRRIMATES' )
HEITEOZ: X880 CUMBOY ra Ul MRUH Y
344 FORMAT(AN 1OFR, T
DO 400 [=1:NIUEH
L0160 UHHAT r={HR (X}
CALL RARK UG MRUH
RO &01 I=1:WRUN
IFCUHSINDURY HE URBIT Y 800 TR &0t
f=1
an TR 743
601 CONTIMUE

T03 URITE(Z2&02 UHRINDIH K
&2 FORMATLANs "t H, PEAROMAEA R =" s DU F8 . O

14%s ‘UL He TINE 10 PEAK IHRRI= 32%s171
NEK=0
K=t
Mik=0
f4=0
K=t
DR 110 I=1aMDYS
YECTV=YROT IR0, 27T VRLCA
110 CPRENLII=YPRERLIIRD,277740A
R 109 [YelaHEY
TLl=11
WRITE (221151 111
118 FORMAT LAY s TEUEMT M, =75 2% 120
NRM=NRESNYRITL)
WRTTE(D s Auul
2000 FORMATI10M: "ECTIRATER RIRECT SURFATEL BRI
WRTTE2e 22440 (YPREQIY Yo Yol % Mim s
FORMATLAX s 10F 10,
WRTTE(2s 140
114 FORMAT(1SY: ‘COHPARIRON OF URLESYED AMR SIMULATER HYDEUERS
' tEH
MRITE(2 1167
FORBATIAY: "ND, "o 10Ky "OESERUER DHEN s 10X "URKPR RERN
KasHa4MMBRER [T
Fa=NNREGL TV Y
noo11F T=KEs MEK
f4=1841
Fazfgtt
IFCREGT NRUCETTY &R TR 117
YPREAQ(EA Y =YERERI L Y 40AFL 00K Y
YERIKAT=YRITIAORFL 0K
117 COMT THUE
MREGN=NNRERL I
HRE QM4 MBE M-

o
rd
=
Jo

.-..
——
o
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118

i

A s
s |
=R

LRAN

ARTY

£04
dod
ST

wi e
g
-t 3 e

S
=

wI=0

ag 118 I=KEsH
LA A
YEQIKT r=URFLD T
YRRELQIET ISR Doy
&? T AMES T LY

t {ENBlLTT Y

R t@l Y=iad

L=l

UETTEL a1 27 KL sl
FORME !r4¥nl=qru;
COMTIMUE

baine A S

nROERIF I=ta41
SP=ER24YRGL T
SBRH
BHEAM =R ANRLUN
Q=00

Ba=ty . 0

RO ARRE I=1sld

IE
w
n

FaM

SA=RAE CYRQL L I -HREAMN gD
S4=044 YRR TI-YPRERAL L v 40D
p
Tow il

EFE={IRA-0aY N0 BT
WMETTE (2 0B30Y EFF
FORMAYIAKs CEFETOMLY QY TUE MOASLE €100
nR AQR I=tsil
QORRAIY=YR0L T
CCOMPRITI=YPRERRLL
CALE RANKE(YREL T
DALL RANKITPRERDL 1}
.Q_‘l

HE L QARRL DY HR TR ALA

d=F~1

go e 701
CONTIMUE
BEITE(Z2:608 YRQ(LT a1
FORMAT LAY OB\, Py (M

{PRERERWER TINE TR PE4K
&04 [=1:0L1

[FCYPRERNIL T Y HE (CORMPRIT Y B0 TRARS

L=t-1

g0 TR 742

CONTINUE

WRITEL2a 4071 YPREDQILLIISL

FURMAT (A% *DOMPUTER PEAK (MELA/ K1z 0¥ F L 1/8Y

1TORMPUTEDR TIHF TR PEAK ety ey T2

uHLL ERROENQRL COANP L L e BTE « ARE 2 ARPE

MRITE( 23401 SYEsARE AREE

FORMATLAY s ‘AYERAGE STAMDARD ERRGRS 1208

JFRLI/4% s T HUREAGE
TROLUTE ERRUN= X FR, 108K FAVERARE PFRUEND

TANE ARMQ Y
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o

ot
0

£

221 2% F R, U
PEPEAK=(ARSIYARIL Ly - YERERQLL TP X AYERLIL I P AT On
=it
al=i
PETPEAK=(ARS(AI-AL Y FALIRTIOL . O
WRITEL(Z2:ARIVNY PERPEAK:s PETREAY
FORMAT(AY: "PERCEMNTARE SREDLUTE ERRDRR IM PFAK="sF10,2:73
14%s "PELEMTARE ARMRLUTE ERGUE L3 TIME TR PRAk="ap 10,20
HA=MRN+ 1
R B
Fh=KI4+1
CONT EHUE
a108
Enn
A AR AR AR AN AR AT XAARAEETE AR AT FAF ISR LSRAT LTS TARER S A S
QURRMITIRE BAY H‘R{FFFP:Lhﬂﬁﬂnﬁﬂﬁh1u55Tb~ﬂwh‘h~ﬂﬁnnfdﬂﬁ“lﬂF$
13888 ¥)
RIMEMRIQN EEFRIGOI«EEMRISO s REBIROD
AATME =
M=
SREN=0.0
Q150 I=MMNEFR NERATH
BXS(TI=FEFRIY -AaadmmEniLy
IFLRYRETY A 0.0 G0 TR 140
EEVRLY I=RYRLT Y
Mp=pM Rty
GQ 014G
EEXRLT =0 0
\-f-f‘," CC.'('\ \l"l "l\fI
COMTINUE
IFLLARS(RERERA-%
ATHF 1= GRRY - HRTYS
ARTHFR=8AaTHFR{ATNEL
aa T 1S
COMT IMUE
BETURN
E;‘!h
EAAAEREER AR S RSN E SRR A8
SHERQUTIME KEMTAMOLE S YR MTE
EXTERNAL F1léM
RIKEMRION ¥S{irs¥R0] M
COMMONZE TSI LR 000y
1 DUHC L2001 HRUHT HRYS
M1=0
MY Q=
ot 10 [=taNEY
IT=MN8LT
MERCLTy =T
Mi=Mi+IT
IT=WYWLl

SET Y AUSBRERD -0 UL Y20 208 NR
SHH

Y A0 {2 i
ﬁﬁy’””a?#;‘

g
¥

25 MR DK

LEME L YR CHEN g GUMIHR Y v“*‘?

UL R R WY RG LA
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£n
Y

-0
£

i

rJ
3

ber |

MYSRCLITi=2T

NOYR=MOYRLEY

IFOMODYR AT M1 8TOR 771

R 24 I=1aM1

EA IO S A

YRCCTI=YseIy

IFCHQYR EQW MY BTN 44

IT=H141

ROOAL I=FTaHOQYS

YRE(Tr=YR(T

MHEUT=H

UM =M

Prir=ry

PLEY=R2

Wp=

TRi=1.08-3

ITHAR=200

IFRT=14

Catl OPTON(P WP FIaMs TRL ITHAN s TPRTSIFS

OO W =t o HAUR

RUHLCY Y=RUHC (Y

Fl=f(t)

PR=p 20

RETURN

END .
*#ﬁ*#ﬂﬁ#*ﬂﬂkgiﬁﬂﬁﬂﬁﬁﬁkﬂﬂﬁﬁﬁﬂﬁ¥ﬁﬁﬂﬁ###ﬁ#ﬂ*ﬁﬁkﬁtgﬁﬁﬁ##mﬂﬁﬁk#
FUNCTION Flamixm

RIMENEION KP(21aYERERI 2000

COMMOMA L &S ARCA2000 s CSL L2000 sMNSRI A0 aNY AT L2081 s MEVE
IRUHC (2001 NRUHT s Hive

RRURLE PRECISION SUM

Flak=1.,.af22

RD=1.0

IF(EPILYLE LV OE-2 R HPL21 L LE L OE=-7 1 BRI 20

CALL DUHGANORUMC MR MR L 1 N0 (2 1 e R XER Y
IFCTERWHE. O STRF 851

Catt QBNUHﬂHﬁC!YP&EB!NﬁEﬂaWYREFNﬁUﬂiNUHﬁaNQUHﬁﬂNﬁTEE
SUR=0 0D

o o0 I=taMQYs

TERP=(YPRERI T -0 Ty

SUM=S{44 TEMPRYENP

Flak=xin

RETURY

ENDR
#*#**#ﬂ#m#*ﬁﬂ#ﬂ*##E*ﬁ*#Eﬁﬂﬂﬁ#*#ﬂﬂ*##*ﬁ#ﬁm**#ﬁ*ﬁ#ﬂﬁﬁ?*ﬁ#ﬁﬁ#&
SURRQUT DM COMIMOOR YPRER MR s YR s MEUL 5 RUHEC MU MY S ¢
RINENEION ASC(RUGOY VRO D000 s REBCL 200 s NYRE L Do)

1 DUHC 2000

RIMENSION EXR2000) s COMP (2000 s YPREDC 000 Y

Mi={
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H2=0
fi=1
K2=
R 1 II=1sHEYT
Hi=di+HYeCIYI
MR=MRHMYRCIITY
L=0
L1=4
o 10 I=tsp2
10 EXR(Ii=0. 0
RO 2 I=K1aMt
L=h+t
2 EXRLLI-¥RCII
HITEE S ] AR
S Li=Li+d
oo 11 I=1sW2
11, CUMP (I o=, 0
R 4 X=1:01
SliM=0 .0
oo 8 d=1s1
fh=t- 41
SUM=SUMS RUHC L LYRENR (R
CURP LT =0UR
oot & ¥elsi g,
EEl=h24 -1
YPREDIEKT v =COKP(T]
Ri=Nt+1
(2=M241
i COMT {HUE
MQYH=KKL
RETUHERN
EMk :
g R R R AR T AR A AN R A SA RN AR TSR SE AN R A RSS2 2 AL
SUREOUTIMNE QETOMOC M FUME: TRL s ETHAY s [PRT s XERT
NIMEMSTION X1 1aHED{ 210 s BRANCZO I a WORK 20y s P {20 s Y2005
1 GRARQLSG
NOURLE PRECISION SUMS S
LAGINAL FauMn
IER=2%R
IFIMLAT . 20 GR TQ 440
Mapa i+t 2
IF(HM.GT.210) G0 TR 4400
IER=%%
TRLI=TRL
TRL2=7T0L
TRLA=TOL &L .
STPRAN=1 . OU20
Mi=Ht+1
DELYA=1.0E-0
QTEP=1.0

Js o

Tk
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IFLIPRTLLE O GR TR 720d
WRITECZ2:800 MsTQLa{{sX s Xataly

BOO FORMATL/ " OPTAN CALLER WITH ARGUMFMTS S/
10 d. OF PARAKETRS 1 ra X4/
20 TOLERAMUE P -

T IHITIAL PARAMETERR *//
42047 "y ISsF12.5/17
7301 COMTINUE
FRoFUNG LK
IREY=1
GoTR 7102
7100 COMTTMUE
i
RQ 10 I=11f
10 HEQ( I =0,0
INRY =1
DR 20 I=tsM
HESIINRE =1, 0
20 IMRE=TMRY $31~1
110 IT=1T+1
IFLIT.BT.ITHAXY G0 TR 440
CALL TSRUL2IHER« GREAR MORK s My VERY
IF{TERWNE .01 BD TR 400
INRY=1
R 7308 F=1.M
WORK (T =WRRK T L AHES e
TIOR INRE=TMREENT~T '
CALL TROL VT IHMER s ORI B s s ITR Y
IFLIFROME .00 GOIR 400
IFCIPRT . Eony 00 10 7402
WRITEL RSO0 I a Do BiRARI T P I T s Tt s )
FORMATL,© CTERATINN ML, 1728/
12007 2 ISa2E15,. 401
7R0 COMT INUE
ITh=0
RE=RTEP
el Ed=0.0
FOLNEFD
FQUNN=, FALSE,

e
el
Lol

&0 ALFA=ALFAL DY
ITh=1T1 4%
IFCITL BT, ITRAYY GQ TO 410
RO Xh Y=taM

534 WORK (D=4l ragel;

) FHEW=FUMD (U0

TFOFRLD-EMFRY 805050

4 CFOLR=FHEU
FRUNDR= CTRUE ,

RA=Rw2 0
GR TR &4
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410

70

o
AN

7405

7406

F4407
7400

7409
7410

Al Fa=atba-Ry

D -, TARY
IFOARSIDAY BT T0LL QR JFOLRLGE B2 B0
PR AT FRINOY gt bast . of-5
IFLIPRTCLE O &0 TQ 7307
WRITE(2:Paut ITL M aFOLD
FORMAT(/ Y L IME SFARCH CRHML.ETED )
17 LINE ITERATIQHN M. 1

20 DLD FUMETION URLUE 1 aFL1G. 8/
30 OMEW FUMOTION yat il 1 bt
COMTTMUE

F2=FaLR

STEMAN=G. 0

R 0 X=1aH

TERE=ALFARP LI
STPRAMN=ARAR T IRTRPMANARBITENF
AR S EEER S AR et

IFLIPRT L. 0 RRTR TRLY
WRITE/2s 7104

FORMAYL Y CURRENT SDLLTIONT /)
RO OTH {=tal

HRITE(22 7103 [aX11}

FORRATL " iRsF 181

COMT IHUE

GHAR=0, O

IREY=2

G TR iR

COMT EWUE

B B [=1sH
GHAY=AMAYT IRHAN s ARSIURARIY 1Y
IFCIRPRTLE G GRUTR 730G
WRITE(Za 3100 RTRMAN [NAY
FORMATL * HTPHAXGHAY " 2ER0 . &
CONTINUE

03
<t

ol

T

IFOHTPHAL LT TOL2, AR GHAY LY VoL 3y B T 300

Bi=1.4781

IFIRZWEQ OO0y GO TO XG4
IFCALFAER OO0, W TR Wan
R2=1.,. 07082080 Fa
IFCTPRT.LE O GO TR Y4140
WRITE (27405 S1:82

FORMATL " PRE UPRATEDR HERKRTAH /' W TIPLIERR

MRITE( 2 74041

FRRKATL® YECTORS ‘)

DO 7407 f=isN

WRITE(2: 7408 I1:GRADDII Y IL)
FORMATLY 2 [5a2F12,. 41

R 7449 [=ta#
WRITE(2s 7403 LalERITY
CONTINUE
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a0

7301

7401

7402
7403

20

400
7102

T

7a0%

7103

Call UPRATE(HES;GRARQsHsS1sJERY
IFLTERGME L G TR a0

CaLl UPDRATFIHFS: YW B2: IERY
IFCIERNE O B0 TR 404

IMRE=%

HESHaa=0, a0

R 7R41 I=1aM
IFOHESOIMOY LT JHEEMAY ) 6t TQ 7RA2
HENMAX=HERL TNRX !

aR 0 7901

CONTIMUE

IFCHERITMDY Y W BT RELTAY G0 TR 78401
HES{ INDRY I =HEQKAY

INRA=THRX N1~

IF{IPRY.LE. O BO TRt 110

WRITE(2. 7401

FOREATE Y UPRATEN HERAYAM 1

DR AN IsiaM

WRITE( 2 730X LalERLT 0

FORMAT( "o IH«F18. &

GQ TN tig

TER={

RETURMN

CONT LHUE

Si=0, 0

Q2= Q

PR 710t I=1aN ,
RE=AMAXTTARS L OOOOTRS [T sl (E-1R]
XeDy=X{T 4Ny

FIl=FUNC{X

LD =¥ {Ti-D¥

IF(RTRMAY.GT.TRL2) RO TQ 780
ELYir=¥{T-0y

Fa=FUNC (X

rir=¥igadny

SUR=F1-F3

TERP=RIRES (2 UERY

Go TR 740X

BlR=FR-F

TERP=REUNDY
B1=81-GRARIT ¥4 (I
YOXI=sHERANG L - TEMP
BR2=024P (1 Y8Y (T
BRADDAL r=0KARI L)
GEARIT Y=TEnE

GO TR0 710lia IRET
ENR

EAERAEAFRANRR LS FHREAAN IR RSV EIRACESSEFARRSNS X T TS XSS X T A

SUBRRQUTINE UPTATE(HE R (M1 TERY
DRURLE PRECTISION =ity

LI~-21/33



2
L]
2

]
=

RIMEMSTIOM HER(Tratb(ayer (200

IER:99F

IFCHLBT..20) 80 T ¥p0
RELTA=1 0E-&

Ni=N+1

TENP=ARK(HT ¥

R AIA2 I=tal

BT y=U DIRTENP
IF(B3LE. 0.0 BR TR 500
IM=1

Tl"’t o 1

RO 10 d=laM

Pa=t LY

PP
HESTND=HER(ING)

TA=T 4P IR LAHE R TNG
R=P 1/ CHESINDRTRY

HES L THE Y=HERINUETR /T
T1=T7

ILTH= 41
IFCILIN.BT.NY GR TR L4
IMC=TNUHL

DR 20 K=ILIMad
HESTMU=HERL TN0 Y
UK=L Y - P I HES TNC
LK Y =t
HES(INC Y =HES THOHBEL
IHE=INCH

CONTINUE

BR TR A00

CONT THUE :

Catl TERLUZLHF S e Palts JERY

IFL1ER ME O &R T 200
INE=T

Sht=1r,

na A0 f=1sM

TERP=PLT]

QUN=SHHRE TERPRTERF AHECLINGY

NN N~
T1=1,0-8UM

IF(T1 AT OELTAYTI=RELTA
IRAR=NEINEL YD

=N

PAzB Y

IN{=IRA]
HESINU=HFESTNGY
T2=T14P 4P LAHEAINT
R=-PA/(MESTMEET LY
Uidi=p.t
TEWP=HERTHORTL/T2
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150

3
o

HES{INCI=TENF

Ti=72

ILINM=t41

INC=INC+1

IFCILIN.GT MY GR TR &0

ne a0 K=Itis N

TEMF=HES{INC

U=ttty

HES{INCI=HES(INC T+ REUE

O Y=L P RTERP

IMC=INC+D

CONTINUE

TRAR=IRAST I-N-2

Jd=4=1

IFCLGE.T B0 TR 40

IER=0

RETURN

END

AR TAAASSFRA S AN AL XSRS IASAAAARTNATHEASASXATIER LSS 2N
CURRDUTINE TROLUIIAMATBHEAME M (ER
DRURLE PRECISION 8

RIMFNSTON AMATILIaRHROMY s ANRIM:
IER=%2F

B={(M+1rdNY /2

AMSIH I =RHE A N

K=H-1

TN=H
TH=IN-1
4=

- 2

S=, R0

S=C4aNSl LIRAMATIN,
H=f-1

d=4-1

IFLEBRT Iy a0 T2 20
AMSL TMY = (RHBROIMY -8
B=H-1

IFLIM. RT3 G IR 1o

IER=¢

RETURM

ENR

AR AR A R A R Y A A AT A AT AR S AN A AT T TN A A
SURRQUTTME VRO U2 CARAT DR GHYS sl IER Y

DOURLE FRECISION &

RIMEMNS LN AMAY (T BHEI W s ARG H Y

IER=%9%

ANSIL=RHR (LY

BQ 10 Y=%sN

B=l, G0G

INi=X

LIM=2~1

TT=23/33




1o

an

)
= ta

aMELTi=iRHER{ T8

YER=L

RE TURH

gnn
IREXFAAANACRNARESAXELESS
SURRRUT (NE GANNAL LGN

IER=99%

IE 0T 00 RETURN
TER=0 4

TEO0E 20,00 B0 TR 10
Wied e

=0, 7TT7RIAETE-IRY-0, 2TV TASTASE- 21040 RATEE

PRALORS K =N RIROERTAF
GaM=EAP(EaARY

Y=¥x-¥

GAK=( (10, 10829 RSTRSE-14Y -0, 24270522856 -2 14T 0, VTRAPR7 KL 1
1Y )

GAN=( ( (BAK40 . B01TR2ATATE-T IR+, A2T0RPNRT IR $0, 42T RE SR TBIRY
BAN=GANE L, OOGGHG19T

Ti=1.2

YP2=Y42,0

TE L A% 7050

COMTINUE

HEBATIWE N

Mo ARELMY

PR 4G I=1sM
Ti=Tta{ypd 1t
Tiad A Th
gooTn To

COMT THUE

PREITIVE N

M=pt-d

pQ &5 [=GsH

TL=Tth{YRET Y

GaM=fnieTl

RETURN

[ 41
#*##K########*#####%##RE&########ﬂk#X#####ﬁ##ﬁ####ﬁ#ﬂ#ﬂ#ﬁ####
QURROUT (HE  RUMBANS RUH 0L PH P B TER Y

CALCULATE & D PERIOD (X7 HYRRQGRAPH FOR 4 GakNe FUMCTION TUH
RIMEMS TN RUH G

CALL GANMALPN:BANs IERD

IFCIERME O ST08 774
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T1=1.,0/0AN
IF(RL.GT.0.01 B0 TR 164
Ti=T1/PK
DUHLT =00
RELTA=D/PE
TZ2=RELTH
PH1=PN-1.0
R 140 I=23HDUH
DUHC DY =TIREXP(T2IRARSLT2 I RR (PN
10 TR=T24DELTA
a0 Th 200
100 RELTA=Q/PHK
RUHL=G .0
T2=05LTA
RQ 20 I=1:MDRUH
CaLL ICHAMAIPN: T2 BAKY: LERY
RUHR=GAKT
RUH( I Y= (RUH2-RUHL Y /D
RUHT=RUHD
20 T2=T24DELTA
RETURN
ENR
R RN AR SRR AR L AR R RN LR AR LR RN RN LR R R AR RR R KRR
SURRAUTINE TCEAMA(ASXBANIsIERY
C CALCULATES THE INCONPLETE SaAKNMA FUHRTION
IER=799
IFCY,LEWO.0) RETURN
NENR=10
T=0 v‘:’
J=MEND
RE 10 T=1sMENR
A=t
T=Lad-ar /01, 0+als (X4T 1)
NERCE
10 CONYINUE
T=1,Q/(%X4T)
GAME=EXP (X RXAEART
DALL GANNMA(AGAMs IER)
IFLIER ME O BTUP 777
GaNI=1.0-GANT /BAN
IER=0
RETURN
ENR
C FERRE LR R R LR RN LR R R R AR AR LR LR R LR LR AR RRA
QUERDUTINE ERROR(ORSH DOMSQ M RE I AEAFED
DIMENSION QRSB(ISOVs COMPRISO)
SUML=0 .0
AN=M
RR 10 Istap
10 QUKT=RUNTHLORMPRL D ORBU T Y52

LS S
Lae ]
=

)
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g

2

70
80

SUNTI=RUNMT AN

SE=SQRTIBHNMT !

SUNE=0 .0

BUM L=t O

RQ 20 I=isM

SUMR-RUM2HARRICAMPRL T -0RERI 1

SUML=SUIMIH (ARE[ONMNBRC Cr-0RRQI DY Y ARNARL Ly e

COMT EHUE

CUMR2=RUN2 AN

Ab=8UNe

SUMT=(QUMI AN eI o0

aPE=8{M3

RETURN

EMD

(AR F AT ERSIEAFEEAEAER RS AATA LS EETE XS LS XS EFAT N B SN R
THIE SURBQUTIME {ULES Sadil 1 ody WHOTRE TR T REQCENDIKD
SURRQUTIMNE RAMELY NI

RIMEMETON Y00

pi=h-1 =
R I I=1sHM1

fi=N-1

R I a=1sl

TEEYL L= 8t Yy A2

BAMESY (L)

YO b= 441

Y4231 r=nalE

COMTINUE

RETURN

EMQ

PR LA NN RS SRV AASAAARAIAALFS AR ARSI ARAATIAAEASSFIR LR TASELS A
SUREQUTINE RUMBEP (G 88 Ryl MR s i REG TTIRE ORY '

DIMEMSION QOS0! REIGOYBROCEL - TTINE LD
RO G0 [=MNREG NNRUY

IF(QITY EQ CR ANR. QLI+ LTLCRY BR TR A0
IFER/ T, ER L ORAMRBAIYFT Y EQ.UEY B TR &0
COMT EMUE

MEUN=T

RIMEUM Y =CR

TTINECARUN Y =TTIRE(D

RO 14 CoppREW s MM
RET=TTINE (L ~TTIRE(MNRFG

RE{I =R (NNREGIH(RINRUM  ~QCHMREG D ERLT SOTTIME ORI = 0T TRE L NNEBE
181}

IFCQROIY-RFEOTTY 20920513

REQLY =00

GR TR ta

BEOLI =g -RE (DT

COMT INUE

IFOMRUNM EQ . HNRUMY G2 TR 80

ROQ PO L=0HRibE L b MR

BF (I)=0(T)

DRO(I)=0.0

RETURN

END
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E. EXAMPLE APPLICATION
a.Test Input-The input data required to run the progra-
mme are supplied as follows:

i) Information supplied through terminal:

NAME OF INPUT FILE ? TEST1.DAT
NAME OF OUTPUT FILE ? OUT3.DAT
CATCHMENT NO. ? 807/1
CATCHMENT AREA ? 823.62
SAMPLING INTERVAIL ? i
DURATION OF UNIT HYDROGRAPH 1

HOW MANY STORMS HAS TO BE ANALYSED? 1

ii) Information supplied through the file TESTI.DAT

3.0 2.0

105

5

0.156 0.181 0.272 0.171 0.220

0 11 13 9 0 0 12

20
55 55 60 65 142 285 355 370 430 440

285 260 210 170 150 132 120 115 105 100
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b. Test Output

CYCESS RAIM AND RIR, SURF. RUNQFF RETATL FOR FUFNT dOL- 1
CATOMMENT MO.- 847/
CATCHMENT AREA- 82%,620

DIRECT SURFACE RIMOFF (DUNFTR)

n.000 7.8 74.I7R AMAHET URLVRO 205,038 I5T.175 X40,.T13 202,500 174,488

121.878 79.04% T&. 20 15,478 PO.APT 12R1R £ Qe £, Qi
BARE FLOM (CUHRECS:Y
L0.000 &2,.813  ASAPR AR A8 T1.P80 FALQAT TARIR 7R. LRR RP.SO0
88,175  90,9AR  PALTRO WARAL Y- el D 81 W e SATATA IR A AR AL

TNFILTRATION CAPACTITY (MR/HRY- 7.30%
TOTAL RATNFALL EYCERK/HMI- . ats
SERFFRATER RATNFAIL WAt UFR (M THFTRFRY
4,078 a.ee 0 00 A TATAS A TATAT

MR, OF UHIT HYDROGRAPH QRRINATER= 17

OPTEN CALLER WITH ARGUMENTE
MO, 0F PARAMFTRR 7
TOULERANCE t
INITIAL PARAMFTFRR

(4 385 OOnE =079

1 X Q00
2 2 Q0000

ITERATION NO. 2
1 -0.280142F 400 -0, PROTAPFO0
? -0, TIRZRAR4O0 -0 PIRDIAEHOG

LINF SFARCH COMPLETFR

LINE ITERATION NO. T 16

QLD FUMCTION YALUF 1 Q. IPA7ISFH00
NEW FUNUTION UALUE 1 0, 294RAFEIO0
CURRENT ROLUTTON

t 2277442
2 1. 729840
STPMAK s RHAX 0, 701 402E-01 0, PR7P7IAFHOG

PRE {IFRATER HERBIANM
MULTIPLIERS -1, 1ARPRAF 01 {r, 1SRPRAF 40D
HECTORS
1 -0,200147 -0, 547R7R
1 8, 100000F+01
2 0,0000008400
I 0. 100000F+01
UPDATER HERSIAN
1 0,7886323E402
2 01208888401
I 0,.224249F401
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ITERATION NO. & K
1 (,2BFFIAIESLL O POPTIZELLA0
2 -0 PLALIRE-0T —0 LA4ASTEROD

LINE SEARCH COMPLETFR
LINE TTERATION MO L 1R
DLR FUNCTION YALUE 1 0.2F480F9F400
NEW FUNDTION Uatts bt O, 23981284+00
CURRENMT SOQLUTION

1 1, 2790848
2 1., 480928

STPHAK GHAX 0 2064485400 L SR3LARF 400
FRE UPDATER HEGRIAN

MU TIPLIERS -0, 141888E402 O, 1RTE28F 02
YECLTORE

1 0,.28773%  -0.147794

2 0021870 -0,874783
1 0. 78&323E402
2 01208848407
3 y224348F 401

UPRATER HEBRIAN
1 Q. 7P4BTRESOZ
2 01205978401
3 01569326402

ITERATION M. ¢ 4
1 0.433527E400  0.65TEIPF-02
2 0,SSTLATEH00 -0, BRARGPE-03

L INE SEARCH COMPLETEDR
LINE ITERATION MR, + 42

QLD FUMCTION MALUE 1 0, 239812400
NEW FUMOTION MALUE 1 0, 2107218400
CURRENT SOLUTION

1 2,435793
2 1, 481085
STPHAK s BHAX B, 1SETOTELOD 0 ATRGTOF 400
PRE UPRATER HESSIANM
MULTIPLIERS -0, 8210216403 4, IRPRTFH07
VECTORS
0, 433527 0,577950
0,.553143 0.941732
0, 794898E402
0, 1I0SRTEL0Y
0, 1SESIAE402

=

[R5 R o |
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UPRATEDR HESRIANM

1 0. 84700IES02
2 D 1AA712E40
I 0,14122784402

ITERATION MR, @ 5
1 -0, 1444235400 0.141780E-01
2 -0 ITRNTOEHOL -0 9VEL /4602

LIME SEARCH COMPLETER
LINE ITERATION NQ. ¢
NLR FUMCTION YatUE L210221E400
HEW FUNCTION valle L 0. 199A3%E400
CURRENT S0LUTION

22

1 T 574487
< 1.8382071
STPHAY s BHAX 0 140R73E+0D 0. S2521BE-01
PRE UPDRATEDR HESSIAM
HULTIPLIERS =0t SROOS2EHOLT 0 IETEIOES02
HECTORE
-, 144423 -0 1390407
=0 EPRETO -0 ATH142
0 E47003E402
0 18471208 4+01
0.141227E402
UPDRATEDR HEGSIAM
1 O.79010F+02
2 O 2RB0N4E40Y
T 0.E7P413E402

T R S

ITERATION MR, &
1 -0, S41808E-02 -0 3244
o 13

2 0,925318E-

LINE SEARCH COMPLETER
LINE ITERATION MO, + 34

OLR FUNCTION VALUE & 0, 199439E400
NEW FUNCTION YaLUE ¢ 01247618400
CURREMT SQLUTION

1 X &8R000

2 1. 506382
BTPHAK GHAX 0 1183TIES 00 0, 1I4R31E400
PRE UFRATER HEBRIANM
HULTIPLIERS -0, &291T5E+04 -0 42213BE4HN2
YECTORE

1 -0.005416 -0, 093338
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2 O, 0R2332 N,227083
1 0,.790010F+02
7z 0, 2080046401
3 0.E7FALTEHL2

UPRATER HESSTAM

0. 7881458402
0.2124918401
0. 78B143E402

d bJ ek

ITERATION NQ. ¢ 7
1 0.8791486-01  0,977893E-02
2 -0, 1TASTLELO0 -0, 407710E-02

LIME SEARCH COMPLETER
LIME ITERATION NR. I8

QLD FUNCTION YatuE 0. 1967818404
HEW FENCTION vatus | 0 ARAATRESOG
CURRENT SOLUTION
1 T, 7TIRE2
2 1.490138
STRRAY GHAX 0 I8RE29E-01 0 I2R99REHO0
FPRE UPDATER HESEIAM
HULTIPLIERS =0, 711216403 £ 1502288403
YECTRRE
i O aR7918 . 148527
2 =0.,174531 -0 009533
1 0. 7BRLIASERCR
2 02124918401
3 G FBBI&RE4NZ

UPRATEDR HEBETAN

1 07143728403
2 L 2187ISELOG
3 +JRERPIESLT

ITERATION NO. ¢
1 -0.806123E-01 -0, S070146-04

2 -0 128998E400 -G BRETIFE-0T

LINE SEARCH COMPLETER
LIME ITERATION MR, 1 4

QLD FUNCTION WALUE & 0.196479E400
MEW FUNCTION UALUE 0. 1R480R88400
CURRENT SQRLUTION

o

1 T, 7344504
2 1.504222
STPHAY s GHAX 01409531801 {0, P2IRSPES00
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PRE UPRATEDR HEREIAM

KULTIPLIERE
YECTORS
1 -0 080812
2 -4.128%%8
i ﬁ*?143?25+ﬁ3
2 2187385 4+00
'1 ¢ LSQ?qE+oT
UPRATEDR HEEBSIAN
1 0. Z4&B32E403
2 - 354RIVEIOL
3 0.BOE2ITE4G2

ITERATION MO, &
1 0.849454E-4
2 -0 22189%EH0

=0, 2474886405

o
i

i
(4]

0. 111587F 404

- 1455958
ARCAL e LA

-0 119733E-02
—0. 238221802

LIME SEARCH CONFLETER

LINE ITERATION NOQ.
QLR FUMCTION YalUE
MEW FUMOCTION WaLUE
CURRENT SOLUTION

1 TF{Sﬁ

2 0’6
qTPFﬁAaGKR#
FRE UPRATER HERGIANM
HULTIPLIERS
YECTORE

Y

0, GR4R4R

=0, 2218%%

A I o B o |

UPDATER HESEIAN

v
4
*
4
r

i2
0, 1F4SEREH00
0 1R4E00E400
0, G40552E-02 O ITART2E-01

0, 2448528403
=0, 3RARTREHOG
0. ROB2I2E402

1 0 E18TIIEH0S
2 =0, 2842358401
I 0. IR23SBE40S

ITERATION MO 2

4]

1 -0 219340E-02

2 0AZERTVE-G

1

— 2EAT0TELD4 {0, 8733358404

3
-0,

LINE SEARCH COMPLETER

LINE ITERATION MO, &

DLR FUNCTION WALUE

HEW FUMCTTON UALUE ¢

CURRENT SOLUTION

*
4
r
4
"

O 194454400
L ARBETAELO0
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i L. 738158
2 1.5034682
STRMAZGHAX O Oo00o0ELGD 0 ATRIF2E-41
AREA OF HH= 0,.29724

UMIT HYDROGRAPH DRRIMATES (MERI/SEC)
1,895 12,772 26,298 24,017 #4907 1,175 25.387 19,344 14,0735 9,798
£,633 4,379 2,R32 1,799 1.128  0,89% 01,424
UM, PEAKCERI/SI= 35,
U.H, TIME T PEAK (HRSI= S
EVENT NO.- 1
ERTIMATED RIRECT SURFACE RUMOFF (M#Z/SEC)

7.686 63,074 182,957 295,290 345,175 3I5.416 289,407 270,457 172,778
85,583  T7.4%% 37,735 24,256  15.339 9,361 5.884
COMPARISON RF NBSERVEDR ANR SINMULATER HYDRRGRAPH
T QRSERVER HYDRQ COMPR HYRRD
1 55.0 5.0
2 5.0 T 0
3 60,0 50,0
4 45,0 70,8
5 142,0 128.4
& 285.0 2514
7 355.0 366.5
8 70,0 419.2
? 430,0 412,13
10 440, 0 169, %
11 285.0 313.0
12 240.0 R 1
13 210.0 211,
14 170.0 174,5
15 150.0 151.2
14 32,0 1%4,32
17 120.0 123,46
18 15,0 112,5
19 105.0 114.4
2¢ 1000 10,9
EFFICIENCY OF THE MODEL= 94,68

QRE, PEAY (Mu4I/Sr= 440 L
QREERVER TIME TR PEAK (HRE!I= 9

COMPUTER PEAK MR Rr- 118.2

COMPUTER TIME TQ PFAK (HRS!= 72

AVERAGE RTANDRARDR ERROR- PRI

AUREABE ARSCLUTE ERRQR= 12,233

AVERAGE PERCENTABE ARSQLUTE ERROR= 5221
PERCEMTAGE ARSQLUTE ERROR IN PEAK= 4,72

PECEMTARE ARSDLUTE ERROR IN TIMY TR FEAK=

hle
e
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