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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 Hydrograph 

(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 Thiessen weights and observed disaharge 

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 
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deriving the unit hydrograph. Nearly all of them have some 

limitations. In 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. 

The shape of the unit hydrograph is preserved. 

The errors in input data are not amplified during 

the unit hydrograph derivation. 

The method is capable of admitting a number of 

events simultaneously for the unit hydrograph 

derivation. 

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 
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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. 

1.2 Definitions of Terminology 

Unit hydrograph T 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. 

Instantaneous unit hydrograph - It is a unit hydrograph 

of infinitesimally small duration. 

Excess rainfall - The part of the rainfall which appear 
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over the surface as runoff and later on contribute 

to the stream of the catchment. 

Direct surface runoff - The runoff resulting at the 

catchment outlet due to excess rainfall. 

Linear reservoir - The reservoir in which the storage 

is assumed to be directly proportional to the discharge. 

Model efficiency - The model efficiency is, mathemati- 

cally, defined as: 

E = (F
0  - F1

)/F
0 

F0  = .21 Q0  (i) - 512  1=  

2 ) pl  = 121  I 40(i) - Qc(i) }2 

where, Q
0  (i) and Qc(i) are i

th 
values of observed and computed 

_ 
discharges respectively, Q is the mean of n values of 

observed discharges, E is the model efficiency, Fo  is the 

sum of the squares of the differences between observed 

dischargesand mean discharge, and F1  is the sum of the 

squares of the differences between observed discharges and 

computed dischargesusing the model. 

g• Average Standard error- It is the root mean squaredsumof 

differences between observed and computed hydrographs. 

Average absolute error - It is the average of the 

absolute values of the differences between observed 

and computed hydrographs. 

Average percentage absolute error - It is the average of 

the absolute valuesof percent differencesbetween 

computed and observed hydrograph ordinates. 
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J• Percentage absolute error 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. 

1. 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. 

1.3 Scope 

The methods employed for the derivation of unit hydro-

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 

Direct surface runoff 

Excess rainfall 

Uniform loss rate 

Total rainfall excess 
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The model parameters, N and K 

IUH and UH ordinates, UH peak and time to peak 

Computed discharge, observed and computed peak and 

time to peak. 

The errorfunctions which are: 

Mode] efficiency 

Average standard error 

Average absolute error 

Average percentage absolute error 

Percentage absolute error in peak and 

Percentage absolute error in time to peak 



2.0 DERIVATION OF UNIT HYDROGRAPH USING NASH MODEL 

2.1 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: 

1, 
U(T,t) = —T

t I(N,t/K)- I (N, (t-T/K)) 

where, 

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

duration T, 

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

(t/K), 

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

(t-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. Two 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 
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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: 

4(i) = 1.E1 j1 E U(j) * X (i-j+1) == 
where, 

direct surface runoff at basin outlet at the 

end of computation interval i, 

U(j) = 3th  ordinate of unit hydrograph, 

X(i) = average rainfall excess for computational 

interval i, and 

= number of rainfall excess ordinates. 

2.2 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, 

Catchment Area (km2) 

Data interval (hrs.) 

Number of storms to be analysed 

Number of raingauge stations and corresponding 

Thiessen weights ( sum of weights must be equal to one), 

for the first storm 

Number of rainfall records for first storm 

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

at each raingauge station3for the first storm 
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Number of discharge hydrograph ordinates for the first 

storm 

Ordinates of discharge hydrograph ( m3/s) for the first 

storm at time interval given in (ii) 

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. 

2.3 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 
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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 limb 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. 

b. 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: 

M' M' ly-lx = NK 

M  M' M' 
2 y - 2 x = N(N+1)K

2+2NK lx (5) 
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M = 

n = 

t. = 1 

where, 

M' M' 1 y and 2 y = first and second moment about the origin 

of the direct surface runoff hydrograph 

respectively, and 

M' M' 1 x and 2 x = first and second moment about the origin 

of the effective rainfall hyetograph 

respectively. 

The equations for n
th moment about the origin of the 

effecfive rainfall hyetograph and direct surface runoff 

hydrograph are: 

M y. + y M n 
i+1 E 1 n Z Y. t. 

At t. 1 1 
M' i=1 2 1 _ i=1  
n y-  

7 Y  + Yi M 
i +1 E _ At 

i=1 
yi 

i=1 

m m n 
E x. At tn. E x. t. 

1 1 • 1 1 
m, _ i=1 i=1  _ 
n x 

T xAt . i T xi  
1=1 1..1 

where, 
th 

y. = Uniform rate of runoff for the 1 interval, 
1 

Number of runoff intervals, 

nth moment about the origin, 

. 
time to the mid point of the 1 

th  interval from 

the origin, 

m = number of rainfall blocks, and 

At = time interval. 

11 

2 

(7) 



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 these 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 It, 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. 

c. Estimation of unit hydrograph ordinates - Both of 

the programmes estimate the unit hydrograph ordinates 

using the following equation: 
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U(T,t) = ( 1/T) {I (N,t/F)-I(N, (t-T)/X) I 

where, 

U(T,t) = t
th 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 equation. The 

subroutine for incomplete gamma function computation 

is called in this subroutine. 

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 
Yi 1.E1 . 31 

E U(j) * X (i-j+1) 
== 

where, 

= computed direct surface runoff yi  

U(j)= jth  ordinate of unit hydrograph of duration 

T hours, 

X(i) = excess rainfall for computation interval 

i of T hour duration, and 

= number of rainfall excess ordinates. 

Estimation of error functions - After computing the 

discharge hydrograph ordinates, the provision has 
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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. 

2.4 Advantages and Limitations 

The advantages of this method for the derivation of 

unit hydrograph are: 

i. 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. 

14 



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. 
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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 

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 

QM1 First moment of direct surface runoff hydrograph 

about the origin 

QM2 Second moment of direct surface runoff hydrograph 

about the origin 

RM1 First moment of effective rainfall hyetograph 

about the origin 

R142 Second moment of effective rainfall hyetograph 

about the origin 

UIR One dimensional array containing IUH ordinates 

UHS One dimensional array containing the unit 

hydrograph ordinates 

CDSRO Single array having computed direct surface runoff 

COMPD Single array containing computed discharge 
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hydrograph ordinates 

STE Average standard error 

eEE 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: 

i. 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: 

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

This subroutine separates the loss using 4)-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 runoff as an equivalent 

depth in mm. 

DDLT Computational interval 

EEXR A vector of effective (excess) rainfall hyetograph 

NNBEG As defined in subroutine RUNSEP 

NNRAIN Number of average rainfall blocks 

AAINFR Uniform loss rate ( 4)-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 

Number of discharge hydrograph 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 

iv. SUBROUTINE MRAIN(REX, N, DELT, DR1, 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 

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 (DUN, 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: 

DUE 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 

Duration of unit hydrograph 

IER An integer on return tells whether or not the 

solution is found to be accepted. IER=0 on 

return, then the solution has been accepted . 

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 variables 

used as its arguments are described as: 

SUBROUTINE ICGAMA (A, X, GAMI, urt) 
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where, 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 O.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) 

where, X the real, positive argument for which the gamma 

function is to be computed 

GAM the computed approximation to r(x) 

IER Equal to zero for acceptable solution 

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

This subroutine calculates three error functions from 

observed discharge and computed discharge hydrographs 

The variables used as arguments are: 

OBSQ A vector of observed discharge 

COMPQ A vector of computed discharge 

SE Average standard error 

AE Average absolute error 

APE Average percentage absolute error 
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- 

phs. The variables used as arguments are: 

A vector of the values to be arranged in 

descending order 

Number of the values involved 

B. INPUT SPECIFICATIONS 

The input is to be supplied in two ways: (i) 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: 
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S.No. Matter displayed on the Information to be supplied 
 terminal by the user through terminal  

1. NAME OF INPUT FILE? Give file name having maximum 

six characters, for example, 

PosDAT 

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 INTERVAL? Supply the data interval (same 

for rainfall and discharge) 

in free format 

6. DURATION OF UNIT Supply the duration of unit 

HYDROGRAPH ? hydrograph (hours) 

7. DO YOU WANT TO Supply either 'YES' for 

CALIBRATE THE MODEL? calibration option or 'NO' 

for test option 

AVERAGE VALUE OF N ? Supply the appropriate value 

of N in free format 

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 ? to be analysed 



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(I) FREE A vector of discharge hydrograph 

(m3/s) ordinates 

C. 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 
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CA F8.3 Catchment area (km
2) 

ODSRO(I) 10F8.3 A vector of observed direct surface 

runoff hydrograph (m3/s) 

BFLO(I) 10F8.3 A vector of base flow ordinates 

(m3/s) 

AINFR F8.3 Infiltration capacity (mm/hour) 

SRX F8.3 Rainfall excess (mm) 

REXR(I) 10F10.3 A vector of separated rainfall 

values ( mm) 

QM1 F10.3 First moment of direct surface 

runoff hydrograph about the origin 

QM2 F10.3 Second moment of direct surface 

runoff hydrograph about the origin 

R141 F10.3 First moment of effective rainfall 

hyetograph about the origin 

R142 F.10.3 Second moment of effective rainfall 

hyetograph about the origin 

AN F8.3 Value of N 

AK F8.3 Value of K (hours) 

UIR(J) 10F8.3 A vector of IUH ordinates 

S7 F12.5 Area of IUH 

UIR(NR) F10.5 I.U.H.peak 

JJ 13 I.U.H. time to peak (hours) 

SUMI F12.5 Area of UN 

UHS(I) 10F8.3 A vector of unit hydrograph ordina- 

tes ( m3/s) 

CCDSRO(I) F7.1 A vector of computed direct surface 

runoff hydrograph (m3/s) 
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OBD(I) F7.1 A vector of observed discharge 

hydrograph (m3/s) 

BBFLO (1) F7.1 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 (m3/s) 

12 U.H. time to peak 

OBD(NRUN) F7.1 Observed peak (m3/s) 

12 Observed time to peak ( hours) 

COMPD(NRUN) F7.1 Computed peak (m3/s) 

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 F10.2 Percentage absolute error in time 

to peak 

Option-II (Test option) 

VARIABLE FORMAT DESCRIPTION 

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

CA F8.3 Catchment area (km2) 

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 -do- 
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REXR(I) 10F10.3 

AN F8.3 

AK F8.3 

UIR(1) 10F8.3 

57 F12.5 

UIR(NR) F10.5 

JJ 13 

SUMI F12.5 

UHS(I) 10F8.3 

CCDSRO F7.1 

OHD(I) F7.1 

COMPD(I) F7.1 

BBFLO(I) F7.1 

UHS(NR) F5.0 

12 

OBD(NRUN) F7.1 

12 

COMPD(NRUN) F7.1 

12 

EFF F10.2 

STE F8.3 

ABE F8.3 

ABPE F8.3 

PEPEAK F10.2 

PETPEAK F10.2  

As described for option-I 

Average N 

Average K 

As described for option-I 

-do- 

-do- 

-do- 

do- 

do- 

do- 

do- 

-do- 

-do- 

do- 

do- 

do- 

do- 

-do- 

do- 

do- 

do- 

do- 

do- 

-do- 

-do- 



Number of discharge 

values 20 

Flor at recession point 105 

Discharge values (m3/s) 55 

150 132 

1-13/ 

60 65 142 285 355 

440 285 260 210 170 

120 115 105 100 

31 

m3/s 

55 

370 430 

D. TEST DATA 

1. Input data for option-I (calibration option) 

Catchment number 

Catchment area 

Sampling interval 

Duration of unit hydrograph 

Number of raingauge stations 

Thiessen weights of the 

stations 

Number of rainfall values 

observed at each stations 

807/1 

823.62 km2 

one hour 

One hour 

5 

0.1560 

0.1710 

7 

0.1810 0.2720 

0.220 

Rainfall values at each hr.  Stn.]. Stn.2 Stn.3 Stn.4 Stn.5 

2 0 0 

0 0 0 

6 25 14 

15 10 21 

3 8 5.5 

9 0 11 

1 0 1.5 

stations (mm) 1. 0 0 

2 0 11 

3 0 13 

4 8 9 

5 7 0 

6 10 0 

7 0 12 



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 R 1.41 hours 

Number of raingauge stations 5 

Thiessen weigh.Es of the 

raingauge stations 0.1560 0.1810 0.2720 

0.1710 0.220 

Number of rainfall values 

observed at each stations 
7 

Rainfall values at each hr. Stn.1 Stn.2 Stn.3 Stn.4 Stns 

stations (mm) 1 0 0 2 0 0 

2 0 11 0 0 0 

3 0 13 6 25 14 

4 8 9 15 10 21 

5 7 0 3 8 5.5 

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(m3  /s) 55 55 60 65 142 285 
355 370 430 440 285 260 

210 170 150 132 120 105 

100 
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E. COMPUTER PROGRAMME NASH.FOR 

NASH MODEL FOR AVERAUE N AND E- COMPUTATION OF HYDROSRA 
C VHS AND ERRORS AND ALSO CALIDVATKON ID: THE MODEL 

DIMENSION EXR(50)9(JDSRO(100hC)SR0(100)DFLO(10019ORD(100) 
DIMENSION (OMPD(100)1TITLE(50)J(IME(100):101RT100)90R(100)4UH(100) 
DIMENSION EFR(50)94DFLO(100)9RFAR(50);UHD(100)9UIRR(1(0)9UTR1(100? 
DIMENSION 000D(100) .CCOMPD(100))0HS4100))WT(50)9RAIN450,50) 
1,CCDSR0(10019B1IFLO(100) 
DATA IYEILOYES'/ 
CHARAC1ER *6 FYLE9FYIEN 
WRITE(511) 

1 FORM4I(4141'NA1E OF INPUT VILE?'$) 
READ(592) FYLE 
FORMAT(6A) 
WRITE(5,3) 

3 FORMAT(4X9INAME OF OUTPUT Flutes)  
READ(592) FYLEN 
OPEN( NI T=1 F 1 LE=F Y.. L 5STATUS= ' nit fl 

OPEN ( UNI =29F LE=17  YtINI STATUS= ' OfM' 
WRITE(518) 
FORMAII4X9ICATUMENT pm 
REAP(599)(IITLE(119/=1910) 

9 FORMA1(10A1l 
WRITE(5910) 

10 FORMAT(4X9'CAICH14E14T ARLAY'S) 
READ(594) CA 
WRITE455) 

5 FORMAT(4XicSAMPLIN6 INTERVALl'id 
READ4594) DLI 
WRITE(592000) 

2000 FORMAT(4W1URATION OF UNIT WOK, 1-$) 
READ(594) D 
WRITE(591000) 

1000 FORM4T(4X9c110 YOU WANT TO CALIDEATE THE MODEL ?"$) 
READ(591001) IANS 

1001 FORMAT(A4) 
IF(IANSfEO.IYES) 142=1 
IF(N2.E0.1) 60 TO 1002 
WRITE(56) 

6 FORMAT(4X9'AVERAGE VALUE OF NY'S) 
READ(594) AN 
WRITE(597) 

7 FORMAT(4WAVERA6F VALUE OF Er$1 
READ(54) 4E 

1002 WRITE(59111) 
111 FORMAT44X9.'HOW MANY STORMS HAS TO DE ANALYSED? '$) 

READ(594).NST 
READ(194) CB 
DO 112. 1I=14NST 
READ NO OE STAT(ONS 
READ(194) NSW 
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READ PUTS. wrpmrs 
READ(10.t (WT(I),I=11NSTATI 
REAP NO. OF RAIN FAIL BLOCKS 
READ(14) NROJN 
READ RAIN FALL AT EACH STAID:WS 
READ (15*) ((RAIN(hJ)0=1/NRAtN)'9J=1,NST4TY 
PO 1003 I=1,NRAIN 
EFR(D.:(h0 
'DO 1003 J=1,NETAT 

1003 FFR(1)=EFR(X)fRACN(KOItNT(J) 
READ NO. Of RUNOFF BLOCKS 
READ( 1*) WREN 
READ RUNOFF BLOCKS 
REAB(100(000(0“=1,NRUNI 
WRIIE(2,11) 

11 FORMAT(20X,'UNIT HYDROSRAPH ANA(.YSIS— RASH MOBIL') 
4RITE(2912) 

12 FORMAT(4X,100( * 
WRITE(203) 

13 FORMAT{) 
TF(N2.E0.1) SO TO 1004 

14 FOR1AT(4XI'COMP4RISON OF ODSEREVED AND COMFOIED HIPROONAPHS 
IUSINO HASH MOKTViiAVEROE PARAMETWV) 

1004 WRITF(2,15) (TITLE(I),I=1,10) 
. 15 FORMAT(4X!,'CATCH 4EN1 NO.—'44X00A1) 

WRITEGI514)CA 
16 FORMAT(4X,'CATCHMENT AREAISIL,KMI—'.4X0-8.3) 

WRIIE(?43451) N5TAT 
3451 FORMAII4:4,'NO. OL RAINGAUSE flATIONS=',2X03) 

WRITF(243452) 
3452 FORMAT(10x,"WFISHT Of EACH RAINOAOPE SIATIONS'I 

WRITE(253453)(NI(1);IlitHIJAT) 
3453 FORMAT(1k)t.4) 

WRfTE(273454) NNAIN 
3454 FORMAT(4)S.'NO. OF RAINFALL VALUES?,  /2Ymi3) 

WRITW44454 
4454 FORMAT30X9'RAINFALL Al EACH CAMTONS(MilLIOFTR4c) 

DO 3455 J=1.NSTAT 
Kr-J 
WRIIE(It93456 K 

3454 VORMAP4WSTAIXON NO.r.:( tI2X)13) 
WRITC(2,3457) (RAIN4I1J),I=1,NRAIN) 

3457 FORMAI(10f8.2) 
3455 CONTINUE 

WRI1E(293458) NRUN 
3458 FORMAIM41'40. OF RONOF; VALOES=I0x$I31 

WRIIE(2,345?) 
3459 FORM4T(30:“'OPSERVED DIIICHARGE HYDROUAVH(COMCCII)') 

WRITE(20440) IODOW/IzliNRON) 
3460 FORMAI(1018.2) 
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WRITE(2,4440)CE 
4460 FORMAT(4WFLOW At WHICH RECFSS1ON START= FR.2) 

WRITE42f12/ 
WRITE(2,3461) 

3461 FORMAT(301WWEIGHTED RAINFALL VALOESIMILLIKFTR)r) 
WRITE(2134621 (EFR(1111=1/4RAIN) 

3462 FORMA1(10F821 
IFq12.E0,1) GO TO 1005 
WRITE(29160) ARIAN 

160 FORMA1(4X,'AVERAOF N-( 4X9FR.3/4WAVERAGE K(HRS4-'54Xsf8.3) 
1005 TIMF(11=000 

DO 18 I=2,NRUN 
11:=1-1 
TIMF(1).=-TIMF(K)+DLT 

18 CONTINUE 
$UM=0.0 
DO 2774 I=1,NRAIN 

2714 8UM=SOM+FFR(I)SOLT 
NBE0=1 

202 CALL RUNSEN08114BFLO,ODSROfNRONOREGyfIMEkCD1 
84SR0=0.0 
DO 200I=NBCONNRON 

200 SOSR0=S043RO*ODSR0(11 
SDBRO=SMO*OLT 
snsRor,souot6.4/cA 
CALL RAINSNEFRISDCRO9DLS,FXRINREGORA1N,AINFRfSRX) 
IF(EXR(NDF61031. 0.0) 60 TO 201 
NRFO=N8F64.1 
00 TO 202 

201 NE4NRUN-N5F8+1 
WRITFA252020) NR 

2020 FORM4i44X,'NO. OF 111RECT SUR1AGE RUNOFF=',2X1I31 
WRITEt22051 

205 FORMAT(20X9r8ASE FLOW (COHFCS1') 
WRIPA2f204) 411FLO(X)1I=NOFONRON) 
WRITE(2,2031 

203 FORMAT(20W0IREC1 SURFACE RUNOFF (CONECIWY 
WRXTM/204) (OOSR0(1)1.1=NOE690RUN1 
WRI1E(2,2775) SUM 

2775 FORMA1(4)WTOTAL RAINFAIL AMTILIMETER1= )2X,F10.3). 
204 FORMAT(4X/10F8.3) 

WRITE(2s350) A1NFRISRX 
350 FORMAT(4WINFILTRA1ION CAPACITY(MK/HR)-'04X,F8.3/4XY'TIrrAL 

1 RAINFALL EXCESSSHM)-',4X4F8.3) 
NRN=NRAIN-NDEB-11 
DO 204 1=loNRN 

206 REXR(X1=EAR(I+NBE6-1) 
SUM2=0.0 
DO 2776 :=1,NRN 
'30O2=SOM2iREXR(11 OLT 
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RR0C=SUM2/SUM 
WRITE(2,4499) RROC 

3851 FORMAT(4WRUNOFF CO FTICIENT='48.4) 
DO 207 1=11 4R 

207 ABFLO41)=BFLO(ItOBFG-1) 
foiRXTE(2,208) 

208 FORMAT(20W8FPERATER RAINFALL VALUEu (MiLLIOLTERiCA 
WRITL(20?1 q:EXQt(Y4Ym1NRN 

20? FORMATI4X110F10.3) 
IF(N?.NE.11 on To 1006 

CALL MRUN(OPFRO4NDEG,NIZUN,OkroOM1,802) 
CALL MRAIN4REXROPM9NITIRM151th2) 
WRITE(2,1106 OM110117/1011pRN2 

1106 FORMAT(4WFIR8F mntwor OF 48R0 - '32.10.3/4 X1'8EGON. MONENF OF 
1 D8R0-'12X. IF10.3/4nIFTN81 MOMENT OF ERM-'r2X9f10.4/4W8EC 
20110 - 00MENT OF ERH-'12X.F10.31 
ANK=OM1'.RM1 
AK=I(0M2-RM2-24:AWARK1)-ANK*42LeANK 
AN=ANK/AN. 
4RIIE(291007)AN,Ag 

1007 FORMA144WVALUE or N-',2X9F8.3/4:WVALUF Of K(ORIO-cyn,FM.M 
1006 CALL DUMGAM(011NRJ4NIAK1O1ER 

CALL GAMMA(ANA1AMNfIER) 
DTIME=0.0 
DO 7687 I=1,NR 
DTIME=DTXMFOLT 
EXP1=LXP(-DTIME/AK) 
EXP2=(DTIME/A10**4AN-1,0 
EXP3=1.0404GAMN) 
UIR1(/)=EXP.PAFXPl*EXP2 

7687 UIR(I)=0.277*CA*UIN(1) 
87=0.0 - 
DO 7688 I=1/NR 

137=874-0IR1(I) 
7688 CONTINUE 

UR:UE(2,7689) 
7685' FORMAT(10WI.U.H, ORDIOATESM ECO)v) 

WRITE(2,7690) (UIRMsX71)0R) 
7690 FORMAy(4X,10F8.3) 

WRITE(2,7491) 87 .  
7641 FORMAT(4WSUM OF IOH="012.5) 

DO 7692 kr.71,NR 
7692 UIRR(I)=OIR(I) 

CALL RANNOUROIRY 
DO 7643 I=1,OR 
IFIUIR(NR).NE.UIRRII)) GO TO 7693 
JJ=I 
GO TO 76?A 

76473 CONTINUE 
7694 WRI1F(2,7695) UIPOIR)IJJ 



7695 FOR14AT(4WII.U.N.• PEAN":1 42)(01(p54/$14WI.U.N TIME TO P 

1EAK=1 92X,X3) 
SUMX=0.0 
DO 11 I=1,NR 
UR(I)4N(I)ILILT 
SUNX=SOMItUR(E) 

17 CONTINUE 
WRX1E(2/270)0MI 

23 FORMAT(10WARA OF (W$V12.5) 
DO 24 I=1,NR 

24 UNS(1)=,27)*CAM(I1 
WRI1E(29345) 

345 FORM4T(20WUNIT NYDROBRAPN ORDINATES(COMECW) 
WRITE(21346) (UMS(X)Fi=lgNR1 

346 FORMAT447,910F8,3t 
DO 2874 I=11NRN 

2874 REXR(I)=0.2778*1:A*REXR(I) 
CALL CONVOL(CDSRO)UHIREXR/NR) 
DO 26 I=1,NR 
K=TOIDEG- 

26 COMPD(K)=CDSR0(1)+BFLO(K) 
DO 3)8 Y=1NAEO 

30e COMPD(I)=OBNI) 
IF(N2.NE..1). WRITE(2A4) 
XF(N2.E0.1) WRITE(291119) 
DO 2987 X=14NRUN 
K=I 
IF(NREB.LE.K) CCDSRO(I)=0.0 
IF(K.LE.NRE8) 8O TO 2987 
CCDSRO(I)=CDSRO(I—NDER) 

2987 CONTINUE 
DO 2988 1=1,NRUN 
K=I 
IF(K.LT.NBEO) 8DFLO(1)=ODD(fl 
IF(K.LF.NBECI) 60 TO 2908 
BBFLO(I)=ABFLO(I— NRES+1) 

2988 CONTINUE 
WRITE(2513) 
WRITE(2,12) 

1119 FORMAT44WCOMPARISON OF OBSERVED AND COMPUTED HYBROGR4PH8 
1 USING ACTUAL PARAMETRESel 
WRITE(2s27) 

27 FORMA1(4WORDINATE NOI.',4WOB8ERVED DISCHARGE's4X,"BASF F 
1LOW1 4X/ 1 DIRECT SURFACE RUNOFF'fix5'COMPUTED DISCHAROE') 

WR1TF(2,12) 
DO 28 X=IoNRUN 
K=I 
WRITE(2129) K,O8D(DrIABFLOWsCCDSR0(1)sCOMPO(1) 

29 FORMAT44X$K3115X,F71415X5F7.1s15XIE7.1115X077,1) 

28 CONTINUE 
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DO 600_1=11NR 
600 10-011IIAIHS(I1 

CALL RANK(UKS)00) 
DO 601 I=1,NR 
IFIUNS(OR)I.NF.UHMI)) SO TO 601 
K=1 
GO TO 703 

601 CONT11UE 
703 WRITE12,6021 UMS(NN5K 
602 FORK4TI4W0Aio PEAK1014:42/G)=1 20/ 

14X+'U.H. TIME TO PEAK (HRS)='2X912Y 
8200= 
DO 6835 I=1,NR1JN 

6835 22=82tOOD11) 
ANRUN=NRUN 
SMEAMI2/ANPUN 
83=0.0 
84=M 
DO 6836 I=15NRUN 
83=S3f(034111-SKEAN)**2 

6836 84=S4+10RD1II-COMPNIY1**2 
EFF=“03-84)/S3M00.0 
WRIJE(2,6837) EFF 

6837 FORNATI4X+I'FFEXCIENGY OF HE 000a=r,FM.2X 
DO 603 I=15NRUN 
0011011)=0101(1Y 

603 CCOMPIUT}=COMPD(I) 
CALL RANK10110900UN 
CALL RANNICOMPD,NRUN1 
DO 604 I=19NRUN 
IFIODDINRUN1J1EbOOND(7)) 00 TO 604 
J=1-1 
GO TO 701 

604 CONTINUE 
701 WRITE12,605/ ODD(ORUNW 
605 FORMAT14X,'We4 rto: (0**3/01= 1 2YoF71/4XR 

l'ODSERVED TIME TO PEAK (HPS)=',2X02 
DO 606 1=10+01:UN 
IFIC0MPDINPUNI.NE.CCOMPD1111 SO 10606 
L=1-1 
GO TO 702 

606 CONTINUE 
702 WRITE(21607) COMPOSNRUN1PL 
607 FORKATI4WCOMPUTFO PEAK 10Vg3/01=vf2X§F7,1/4X1 

PCOMPUTFD T1KF TO PEAK 1IDS)="+2Y021 
CALL ERRORWOMCCOMMNRUNIMOnE0OPE) 
WRITEI2,30) 8TE,ABE,ADPE 

30 FORNAT14WAVERA8E SIANDARD EPP00=',a,F80A/4X,'AVFEAKE AB 
isoLurc INROW= 1 /2X1F8,3/4WAVERAGE PERCENME AWMOTE U:ROR 

2= e 2X,E8.31 
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PEPEAK=1ARS1ORD1NRUN)—COMPMNRUNWORPORUN4)*100 
AJ=J 
AL=L 
PETPFAK=(ARS1AJ—AL)/AJ)*100.0 
WRI1E4296030) PEPEAK5PFTVEAK 

6838 FORMATC4WPERCENTAGE ABOLUTF ERROR '1111 Pr41Wsr10.2p/s 
14WPECENTAUE ABSOLUTE ERROR IN TtMg.TO PEAK=c1F10,2) 
WRITE(2113) 
DO 6O19 I=1,NRUN 

6839 REXR114=0.0 
112 CONTINUE 

CLOSE(UNIT=1) 
CLO5EWNIT:',2) 
STOP 
END • 
***************************MMUMUUM*****tt********* 
SURROUT1NE RAI48NEEFRO5B8RO,DALT9CEXR9NNPEOsNNRAINRAAINFR 
1,SSRX).  
DIMENSION EEFR150),EEXR150),RXS1501 
AAINFR=0.0 

15 NN=0 
SSRXr,0.0 
DO 150 I=NNBEGINORAIN 
RX0(T)=EFFR11)—AA1NER*POLI 
IF(RXS11).LE.0.0) GO TO 140 
EEXR411=RX8111 
NN=0N4DD1T 
GO 10145 

140 EEXR(I)=04 
145 SSRX=SRRYJECYR1I) 
150 CONTINUE 

IF(1ABS(SSOSRO—SSRX.))/(SSOSR0)-0.0001)20020'35 
35 ATNF1=103RX-S505R0,/NN 

AAINER=AAINFR+AINF1 
GO TO 13 

20 qONTINUE 
RETURN 
END 
**Utt******0******************S******Muntran********** 
SURROUT1NE OAMMAUFGAWAIER, 
TER=999 
iF(XpLT;0.0) RETURN 
IER=Op0 
IF(X.LE.20.0) SO TO 10 
Tv:1.MM 
P=0,77783067E-3*Y-0.27775545E-21STOJ1333313105T-1 
P=P/X 
BAM=01-0.51*ALOS(X)—X+009189305141  
SAM=EXP1SAM ) 
RETURN 
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10 Y=AINT(X) 
N=Y-2, 
Y=X-Y 
6AM=M0.10823059115E-1*Y-0.3427052255F-2M00.77649276E-11  
ltY1 
6AM=S(C8AM-10.8017824769E-11*Y10.4121029027M40.42276636781tY 
64M=GAM1-1.000000194 
T1=1.0 
YP2=Y+2.0 
1E00 40,70,60 

40 CONTINUE 
C NEGATIVE N 

N=IADS(N) 
DO 45 I=1,N 

45 11=T1*(YP2-I/ 
T1=1.0/1.1 
60 TO 70 

60 CONTINUE 
C POSITIVE N 

N=N-1 . 
DO 45 I=0,01 

65 T1=T1*(YP2+I) 
70 GAM=SAM*T1 

RETURN 
END 
1*********************WatUtt**********t******M***t******** 
SUBROUTINE CONVOLGOESTOHN,REX,NRRY 
DIMENSION OEST41001,UHH(100),REXI501 
DO 20 X=1,NRR 
SUM=0.0 
D040 J=1lI 

, Ktc=1-J41 
10 SUM=SVM1UNH1J1*REX(KK1 
20 OEST(1)=SUM 

RETURN 
END 
****V.****14***44****M*********tWat***hitt*******V41Tht***** 
SUBROUTINE ERR01 (OBSOCOMPOill9SEJAE,APE) 
DIMENSION 0DSO(50)1COMP0(50Y 
SUM1=0.0 
AN=N 
DO 10 I=1,0 

10 SUM1=SUM14.(COMPO(1)-0060(1)1t42 
SUM1=SUM1/AN 
SE=SORT(SUM1) 
SUM2=0.0 
SUM3=0.0 
DO 20.I=1,N 
SUM2=SUM2-1ABS(C0MPOW-O8S0411) 
SUM3=SUM3.11AB84COMPO(0-01160(1))/OB8U(I), 
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20 CONTINUE 
SUM2=SUM2/4N. 
AE=SUM2 
SUM3=(SUM3/0)4100  

APE=SUM3 
RETURN 
END 
******V4*******4***********t*******Mtglattrnt******104  
THIS SUBROUTINE OWES RANK TO ANY VECTOR COLUMN IN DESCENDIND 

SUBROUTINE RANK(Y,N) 
DIMENSION Y(50) 
N1=N-1 
DO 3 X=1,141 
K=N-I 
DO 3 J=19K 
IF(Y(J)tY(J+1))3,3,2  

4 • SAVE=Y(J) 
Y(J)=YI,1411 
YIJf1Y=SAVE 

3 CONTINUE 
RETURN 
END 
**********************V****tgt*tttMW11****ttgt****fl 3 
THIS SUBROUTINE SIVES FIRST AND.  SECOND MOMENTS OF DUO 

SUBROUTINE MRUN(DSRO,ND,N,DETTIPM19DM2)  

DIMENSION BUROISMSUMISOITIMEISO) 

D0. 10 1=NB9N 

10 S11(I)=1DSROW+DSROIII1YL/2+0  

AK=0.0 
DO 11 I=NB9N 
TIKE(I)=AMDELT/2 
AK=AKiDELT 

11 CONTINUE 
S1=0•0 
52=0,0 
53;0.0 
DO 12 I=NB,N 
S1=S1+SOM(S) 
S2=S2.1SOM4IY*TIREIU 
S3=S3+SUMII)*TINF(I)ILTIME(D 

12 CONTINUE 
DM1:r. 52/51 
Dh2=11:1/S1 
RETURN 
END 
t***********44**********WattttliIMUM****StUlt*M1114.  

THIS SUBROUTINE OII/ES FIRST AMB SECUMB MOMENT OF EX. RAIN 

SUBROUTINE MRAINIREXPN9DETTOR19 PV2)  

DImEmsxpw REMOY,TIMEI50) 

AK=0.0 
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DO 10 I=1YN 
TIME(D=AK1DELT/2 
AK=AK+DELT 

10 CONTINUE 
S1=0.0 
S2=0.0 
S3=0.0 
DO 11 I=1,N 
S1=S1-TREX(I) 
S2=S2TREXM*TIMESII 
63=S34REMISZTIMESIATIMECIY 

11 CONTINUE 
DR1=S2/S1 
DR2=S3/S1 
RETURN 
END 

SUPPOUTINE MUNOAMMHJNDUHoMPKO5TFR) 
CALCULATE A D- PERIOD UNIT HYDROORAHT FOR A SAMNA FUNCTION IUM 
DIMENSION nummum) 
CALL SAMMATPNI6AM,IERI 
IF(IEg.NE.0) STOP 770 
T1=1.0/0AM 
IF(D.6T.0.0) 60 TO 100 
T1=T1/PK 
DUKT1Ire..0 
DELTA=0/PK 
T2=PEtTA 
PN1=PN-1.0 
BO 10 I=2,NDUH 
DUH(I)=TIAFXECI2,4ABS(T2)1WPNlY 

10 T2=T2TDELTA 
60 TO 200 

100 DELTA=0/AK 
DUN1=0.0 
T2=DELTA 
DO 20 I=1NDUM 
CALL ICSAMA(PMfT2qUAMIIEF. 
DUH2=6AMI 
DUH(I)=(DUH2-DUK1}/D 
DUH1x0UH2 

20 T2=T21DELTA 
200 RETURN 

END 
***41***t****t*************/attt********t*t t t t*ttt***** 
SURROUTINE ISOANA(A4,!:0AMT5IERI 
CALCULATES THE INCOMPLETE GAMMA FUNCTION 
IER=994 
IF(X.IE.0.0, RETURN 
NEND=10 
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T=01.0 
J=NEND 
DO 10 I=1,NEND 
AJ=J 
T=(AJ-A)/(1.0tAJ/(XfT)) 
J=J-1 

10 CONTINUE 

GAMX=EXP(-XM**AtT 
CALl. BAMMASA,GAMIIERY 
IF(IER.w.o) STOP 777 
5AMI=1+0-GABI/GAM 
IER=0 
RETURN 
END 
*******t**************t*******M**********M*Vatt*MM** 
SUBROUTINE R191SEPCOOF5DRO5NNRUN;NN8EGO'INE,CB) 
DIMENSION 04509RF(50)9DRO(50),TTI1F(50) 
DO 50 X=NNBEGOINRUN 
IT40(I).E0pCB*ANDI.O(T+1).LTI.CD) GO IC 60 
IF(Q(E),EQ.MANDi.O(X+1,4NoCP) GO TD 40 

50 CONTINUE 
60 MRUN=I 

((MRUNI=CD 
TTIMF(BRUN)=TTIMEII) 
DO 10 k=NNBEG5MRUN 
OLT=1TIME(1)-TTIKE(NNBEG) 
8F{I?=G4NNDEG)*(04BRUN)-0(NNDE6)itDLT/(TTIMEOROR)-TITMEONDE 
lo)) 
IF(R(I)-8F(D) 20•2015 

20 BRO(I)=0,0 
GO TO 10 

15 DRO4I1=0(IY-DNI) 
10 CONTINUE 

IF(BRUN.EO,NNRUN) (40 TO 80 
DO 70 X=ORUNi-1)FNNRUN 
BF(1)=(l(I) 

70 IRO(1)00 
80 RETURN 

END 
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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: 

Information supplied through terminal: 

NAME OF INPUT FILE ? TEST.DAT 

NAME OF OUTPUT FILE ? OUT1.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 

Information supplied through the file TEST.DAT: 

105 

5 

0.156 0.181 

7 

0.272 0.171 0.220 

0 0 0 8 7 10 0 

0 11 13 9 0 012 

2 0 6 15 3 9 1 

0 0 25 10 8 0 0 

0 0 14 21 5.5 11 1.5 

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: 

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 ? 1 

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 

Information supplied through the file TEST.DAT: 

105 

5 

0.156 

7 

0.181 .272 0.171 0.220 

0 0 0 8 7 10 0 

0 11 13 9 0 0 12 

2 0 6 15 3 9 1 

0 0 25 10 8 0 0 

0 0 14 21 5.5 11 1.5 

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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- 10.016 

RAINFALL VALUES IMILLI1ETER1 
0.040 0.000 

757 
'C.1f6 17.607, 6'5.254 25.166 22.160 15.824 10.775 7WJ 
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c. Test Output for Option-I 

JNlT HTDROORAN ANALYSIS-  NASH MODEL 
t41.1v: Zt===t8lttStatt*OrMitt114111=1=11t 

CATCHMENT NO.- 00711 
CATCHMCNI ARCAIEU.M. 02:1.620 
NO. CF RAINCAUSE STATIONS= t 

MOOT Of EACH RAINCALZ2 STATIONS 
01%60 5.1310 0.2725 1715 0. 5 . .2200 

Wb 51 RAINFALL VALUEC= 7 
RAINFALL AT LAM STATIONSIMILLIMETR 

STATION  NU.. 1 
tv orso cm 0.00 7.50 1540 0.00 

STATION MC,:  2 
!;,00 11,00 11.00 4,00 0,00 040 12.00 
STATION NO.= t 
2.00 0.00 6.00 15.00 1.00 5.00 1.00 
STATION NO.: 4 
0.00 0.00 25,00 10.00 0.00 540 0.00 
STAI4ON oa.. s 
me 0.00 14.04 21.00 5.50 11,00 1.50 
NO. OF RUNOFF VALUES= 

OBSERVED DISCHARSE HYDROORAPHICUMEOS) 
55.00 55.00 60.00 65.40 142.00 233.00 t55.40 270.04 4:4.00 440.00 
285.00 260.00 214.40 170400 150.00 112.00 125.00 115.00 105.00 100.00 
FLOW AT WHICH RECESSION SIARI= 105.00 
45044/44M0111***404041********Manta*************************11****W444****MOMMtax** 

NEISHTED RAINFALL VALUESSMILLIMETRY 
0.S4 1.19 11.34 11,2? 1.4f 6.41 2.77 
NO. OF DIRECT SURFACE RUNOFF= IS 

BASF FLU ICUMESE4 
60.000 62,1Z 65.625 6s.43S 71.250 74.066 76.875 75.6B0 82.500 85.313 
O2.12t 50.730 51.7t0 56,t63 r-ZTt 152.14S 105440 100.000 

111717 E:ciRFACi RWCFF “XilECE0 
L1L,t62 275.7t8 153.125 360.311 202.540 174.685 

-1.0 35.433 20.625 12.01t 5.005 0.000 
. ;MILLIMETER): 40.050 
CJACITM/R- 7.t45 



4.177 2.771 1.616. 1,013 0.555 0,345 
SUHOF 1882 0.99574 
I.U.H. FLA& 37.60242 
I„U.H. Tilt TO PEAN- . 4 

ARM OF UK: 0..74?1G 
8NIT KYMOGRAPH ORDINATESICMECt1 

1,53/ 12.584 27.314 36.114 16.914 32.382 
1.651 3.383 2.202 1.327 0.786 0,455 

0.172 0.112 

23,4t4 18,899 13.184 8.816 
0.265 0,151 

=Immo 4f O8SERVE8 AND =Peru HYDRoGRAPHS U3INU ACTUAL PARAMETRES 

4444.41114tunittnnutnntituat4=04144Unntaltatttuttur"*" vlittnuttilttutlUttirtt 

CHDINATH Re, orsuvu DISCNAR01 8ASE FLOW 1IREC1 CURFACL RUNOFF 800,PUTED DISCHADOC 

44twuttutturattratratn4ttutaratuttuntuanttsualutratutrattratttritttat  

55,0 55.0 0.0 

t5.0 35.0 0,0 MO 

: 40,0 44.0 0.0 404 

4 
5 

65,0 
142.0 

62.8 
43, 6 

4.2 
&tap: Irt.,0 

' 
6 

205 
:154 
370.0 

4.0 60. 
71,3 
74.1 

4.4,3 
310.5 
364,0 

254,8 

;24:71 

I 430.0 76,9 
7.a4., 

427.1 

,A 
AO 

.. 
" as 
13 

44c;PO 

285,0 
20,0 
2104 

75.7 
02.5 
St,: 
80.1 

S.W..  
230,4' 
, 1447 

114.0 

15551, 

312.: 
ACA 

202,5 

14 :70.0 • 904 .11.  A . 1467 

It 
" .3 

150,0 
;32,0 

56,B 
94,4 

48,7 
:0.4 

142,4 

112170:: 121,0 91,4 14.6 
11,1 IS 

11 

113.0 
lotpo 

4
AUStS 
0.h h 

44.4 ft  4.6 1111f: 

:0 100.0 100.0 3.0 103,8 

8.8, PZAHM4.3/S1= 37, 
U.H, TINE TO PEAK 'MRS): S 
EFF12araNCY 01 THE heal= 96,15 
.3B8. PEAK IM**3/01; 440,0 
3DSLRYED TIME TO PLAY. 1,M111,  $ 
UCNNTED FEAH (07043/Eas 440.1 
CONPUILT T. TO. ?EA% IHRSI-.  7 

4VERASE STANDARD EnNoR,-, 24.222 
AfiRLADT: ADSOLUTE EHROR: 14.149 
WERia PERCENTAJE ABSOLUit ERROR' 3.459 

9EUCEN1ASE ABCOLUTE ERNM IN FEW- 0.11 
'.'ECENTAGE ABSOLUTE ERROR IN IIHE TO KAN: 22,22 
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AEFA Cr ow.- 4.91£41 
UNIT HYBROVAN ORDINATES(CUMECS) 

11.49S 'MO 25.%0 7,4'413 15.2 12.119 25.997 17,440 1:4779 1.574 
6141 4490 2,574 1.594 0374 4.5r2 4.145 0.202 

CONFARISON IF OBSEnEVLD AR4 CONNTED 47NOORAPNSUSIE HASH MOBELSAVEME rARAMETBS 

nutuuntottlauttamtwalummumam -unman Varatttrrnt*MtrItt 

OPUINATL Ne. 4BSUNEB 2.SCNAQ4E BAS1..: RN 41r.7.T !=Ar,L RUNC77 COMPUTC4 DIZCMPRO: 

041114001414044tgatIttP44141******==g illatUreat1=1111======. 

1 55t fl.5(. 4.4 nr4 

A. .. A fZ4 A A ... • •• CC A 
..,•‘, 

7 g4 64:40 04 i. ,..,..0 

65.4 62.8 ,t.,0 6B/... 

5 l'o.ry 
(Cl Ala. r v. 

255.4 31 
----- ---- --- 

144 TCT 4 ,,,... 421 2 

4 74.9 -re it „ -V ,,, 422,t 

444.4 71.7 ,....... ,., ,,, , ,: , .: 

245,4 .„,, 

264.4 e. , 174,4  
„ .;"-T1 4,i  i ."41 P. 1 

174.4 e, 1 

154.4 '.P.' ,E.1 :Art 44t? t ,...", 

112.4 
-re A 
,w,le 

474 c 

124.4 ';'?.4 444 C4 La., 121.1 

115.4 
IT c 
46.F A4 

411. 1 

-> ntri: Vr4Vri) 
00 

td. 
411 44 

inl0 144.4 4.7 1443 

7  7: cE 

44M,  
/2 

tEg YtItIZIC;1, 427,2 
"2!.; T2 'Eg NC:t r  7 

Y:Ec.gH ER2OR= 22364 
=7E MCP=  12=2 

PMENTASE ABSOLUTE ERPOR-7 4372 
.=E?F ABSOLUTE MON FTAK=  

;tHOLeTF ERBOR IN TIME TO PEA0 22.22 

P. 

414 

41 

111 

14 
a, 
11 

1"  
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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 

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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stations 

WI? A vector of Thiessenweights for each raingauge 

stations 

RAIN Matrix of rainfall values at different 

raingauge stations 

EFR A vector containing average valuesof rainfall blocks 

NRUN Number of discharge hydrograph ordinates 

OBD A vector of discharge hydrograph 

BFLO A vector of base flow ordinates 

REXR A vector of excess rainfall blocks 

XS 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 

YS A real vector containing the output series for 

each event in series 

NDUH Number of unit hydrograph ordinates 

NXS An integer vector containing the length of each 

individual excess rainfall blocks, 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 

TINS A real vector containing the unit hydrograph 

ordinates 

CBFLO A real vector containing the base flow values for 

each event in series 
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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 iritermediate calculations. The following 

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, PR,. D, IER) 

This subroutine calls two subroutines: 

SUBROUTINE ICGAMA(A,X, GAMI, IER) 

SUBROUTINE GAMMA (X, GAM, IER) 

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

v. SUBROUTINE RANK (le, N) 

vi. SUBROUTINE KER16M (XS, YS, NXS, NYS, NEV, P1,P2, 

NDUH, DUH, IER) 

This subroutine calls: 

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

The subroutine OPTQN calls the following sub-

routines: 

SUBROUTINE UPDATE (HES, U, N, Sl, IER) 

SUBROUTINE TSOLV1 (AMAT, RHS, ANS, N, IER) 
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c. SUBROUTINE 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: 

vi. SUBROUTINE KER16M(XS, YS, NXS, NYS, NEV, Pl, 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 

P1 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 successful 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 A real vector containing the parameter values 

An integer indicating number of the parameters 

FUNC Value of the objective function estimated from a 

function subroutine, FUNCTION F16M(XP) where XP 

is a real vector containing the parameter values 

-3  TOL Tolerance limit specified as 10 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 

ITMAX Number of iterations specified as 200 in the programme 

IPRT Print control having some positive number specified 

as 10 in the programme 

IER Indicates success if IER = 0 

The subroutine calls the following three subroutines 

during the optimisation: 

a. SUBROUTINE UPDATE (HES, U, N, Si, 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 

A working vector 

Number of parameters to be optimised 

Si A working real constant 

IER Equal to zero for the success of the routine 

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 

Number of unknowns 

IER Equal to zero for the success of the routine 

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 

Number of unknowns 

IER Equal to zero for the success of the routine 

vii. SUBROUTINE CONVM (XSC, YPRED, NXSC, NYSC, NEVC, DURC, 

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: 

XSC 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 

NbUHC Number of unit hydrograph ordinates 

NOYS An integer indicating total number of elements 

stored in real vector YPRED 
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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. 

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 (km
2) 

ODSRO(I) 10F8.3 A vector containing direct 

surface runoff hydrograph 

(m3/s) 

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

ordinates (m
3/s) 

AINFR F8.3 Infiltration capacity (mm/hr) 

SRX F8.3 Total rainfall excess (mm) 

=PM 10F10.3 A vector containing separated 

rainfall values (mm) 

NDUH 14 Number of unit hydrograph 

-ordinates 
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SUM1 F12.5 

UHS(I) 10F8.3 

UHS(NDUH) F5.0 

12 

13III  

YPRED(I) 10F10.3 

YSQ(I) F7.1 

YPREDQ(I) F7.1 

EFF F10.2 

YSQ(L1) F7.1 

12 

YPREDQ(L1) F7.1 

12 

STE F8.3 

ABE F8.3 

ABPE F8.3 

PEPEAK F10.2 

PETPEAK F10.2 

Area of unit hydrograph 

A real vector containing the 

unit hydrograph ordinates 

(m3/s) 

U.H. peak (m3/s) 

U.H. time to peak (hours) 

Event number 

Computed direct surface runoff 

hydrograph (DSRO) 

Observed discharge (m3/s) 

Computed discharge vector 

(m
3
/s) 

Efficiency of the model 

Observed peak (m3/s) 

Observed time to peak (hours) 

Computed peak (m3/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 807/1 

Catchment area 823.62 km2 

Sampling interval One hour 

Duration of unit hydrograph One hour 

Initial value of N 3.00 

Initial value of K 2.00 

Number of raingauge stations 5 

Thiessen weights of 0.1560 0.1810 0.2720 

the stations 0.1710 0.220 

Number of rainfall values 
7 

observed at each stations 

Rainfall values at each Hr. Stn.1 Stn.2 Stn.3 Stn.4 8tn5  

stations (mm) 1 0 0 2 0 0 

2 0 11 0 0 0 

3 0 13 6 25 14 

4 8 9 15 10 21 

5 7 0 3 8 5.5 

6 10 0 9 0 11 

7 0 12 1 0 1.5 

Flow at recession point 105 m3/s 

Number of discharge values 20 

Discharge values (m3/s) 55 55 60 65 142 285 

355 370 430 440 285 260 

210 170 150 132 120 115 

105 100 
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E. COMPUTER PROGRAMME CONTI.FOR 

DIMENSION FXR(50),(IDSR0(50)3CDER0(50)1BFLO(50),ORD(50) 
DIMENSION COMP11(110)3TXTLE(50)3TIME(50),UIR430),UR(50) 
DIMENSION EFR(50)1ABFLO(50)3RFXR(50)0HH(50)5NR0(2000) 
DIMENSION 000D(50)3CCOMP0(50)3U8S450)3WT450),RAEN(M350) 
1 oNXE(50 )5NYS( 50), X(50) LY(50)3XS(2000) YE(2000),CRFLO(2000), 
2YSO ( 2000 ) YPRED ( 2000 ).3 YPRFAO ( 2000 )3NNRE6( hq) 5ANDUH( 50) 
33UH(200),BRC(50) 
CHARACTER Vs FYTE,FYUN 
WRITE(531) 

1 FORMAT(4)(5(NAMF OF INPUT FILE?'$). 
RE4D(532) FyLE 
FORMAT(6A) 
WRITE(533) 

3 FORMAT(4)WMAME OF OUTPUT FILET'S) 
READ(532) FYLEN 
OPEN4UNIT=13FILE=FYLEISTATUS7(0tDr) 
OPEN(UNIT=23FILE=FYLENISTATUS=INEW) 
warrE(a,$) 

S FORMAT44WCATCHMENT MOO'S) 
READ(519)(TITLE(I)3I=1,10) 
FORMAT(10All 
WRXTF(5310) 

10 FORMAT(4WCATCHMENT ARFA1"$) 
READ(.541 CA 
WRITE(S35) 

9 FORMAT(4)(3'SAMPLINS INTERVAL?'$) 
READ(54) DLT 
WRITE(5i999) 

999 FORMAT(4X3'UNIT HYDRUSRAPH DURATION?'$) 
READqs*ID 
M1=0 
112=0 
1(1=1 
t(2=1 
1(3=1 
M3=0 
WRITE(53111) 

111 FORMA1(4WHOW MANY STORMS HAS TO RF ANALYSEPT'S) 
READ(54) NEV 
READ(14) AN,A1( 
DO 112 II=13NEV 

READ(14)88C(II) 
WRITE(235855) XII 

- 5855 FORMAT(4XEXCESS RAIN AND DIR, SURF. RUNOFF DETAIL FOR 
lEVENT NO.—'5I3) 
READ NO OF STATIONS 
READ(14) NSTAT 
READ THIES. -WEIGHTS 
REA4(14) (UT(X),X=13NSTAT) 
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REAP NO, OF RAIN FALL BLOCKS 
REAM15S) WAIN 
READ RAIN FALL AT EACH STATIONS 
READ (I'S) “RAIWT9J)"):1:1,NRAIN),J=154GIAT) 
DO 1003 I=1,NRAIN 
EFRU)=0.0 
PO 1003 J=1,NSTAT 

1003 FFR41)=FFR(I)+RAINO5J)SWT(J) 
READ 010 OF RUNOFF BLOCKS 
REAMS'*) NRUN 
REAP RUNOFF BLOCKS 
REAM1'*)(080(I)0,::1,0Rukt 
WRITE(751b) 4.TITLE(I)41=1,10Y 

35 FORMAT(4Xnee.AWHMENt.  NO. -'94X'1041) 
WRITE(2,16)CA 

16 FORMAT(4WCATCHMENT AREA-'54X,F8t3) 
TIME(1),0,0 
DO 18 I=25NRUN 
K=I-1 
TIME(I)=TINESS)+DLI 

18 CONTINUE 
NBEG=1 
CB=B8C(EI) 

202 CALL RUNSENOMBFLOOPSROORON'KBEG,IIME5C.B) 
SDSR0=0,.0 
DO 200I=NBEG5NRUN 

200 SOSRO=SOSRU+ODSR041) 
SDSR0=SDSROSPLI 
SDSRO=SW4ROS3,,VCA 
CALL RAINGNEFR'SOSRO'DLr'FXR,NBEGINRAIN'AINFRISRX) 
IFSEXRUIDEG).6f. OM) GO in 701 
NBEG=NBE6t1 
GO TO 202 

201 WRITE(2,203) 
203 FORMAI(20)WOIRECT SURFACE RUNSIFF (COMEC.S)') 

WRITE429.201) (00SROMIX=ORF694RUN) 
204 FORMAT(4X910f83 

WRITE(25205Y 
205 FORMAT420X(RASF HOW (CUMFCSYC) 

WRITE(25204) (DFLOWII=NRCti5NRUN) 
WRITE(2550) AINFR9SRX 

350 FORMA1(4)(1'1NFILTRATION CAPACIIY(Mh HR)-1,4X,F6vS/4X r4rAL 
1 RAINFALL EXCESS(NM1-'14XF8.3) 
NR=NRON-NBFG41 
NRN=NRAIN-4M+1 
DO 206 I=15NRN 

206 REXR(I)=FXR(14.MGEG-1) 
IF(NBEG Et4.1) GO TO 696? 
DO 207 X=154NEtEO-1) 

207 BFLO(I)=0BD(I) 
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6969 WRITF(2208) 
208 FORMAT(20'WSEPERATFD RAINFALL VALUES (CUMEC51() 

WRITE(2,209) (RFXR(I)ol'1,NRN1 
209 FORMAT(4X,10F10.3) 

NR1=NR-1 
-NY5(IJ)=NR1 
DO 5006 I=1,NR1 
X(I)=0.0 

5606 Y(I)=0,0 
DO 5001 X=1,NRN 

5001 X(I)=REXR(I) 
DO 5002 I=1,0R1 

5002 Y(I)=009.1014Ii-NBE611.3•6/CA 
NXS(II)=NRN 
11I=M1OX8III) 
J=0 
DO 5003 I=K1,N1 
J=J+1 

5003 XS(l)=X(J) 
N2=M21-0YS4II/ 
P:=0 
DO 5004 I=N2,M2 
K=K+1 

5004 Y5(I)=Y(K) 
K3=M3+NRUN 
L=0 
DO 1007 Y=K3,M3 
L=L+1 

5007 CRF1O(1)=RFLO(L) 
K1=t11-11 
NNBEVII1=NBE6 
K2=M2+1 
X3=11341 
ANDUN(II)=NY5(II1 
14RU(II1=NRON 

112 CONTINUE 
CALL RANKIANININ,NFV1 
NINOir:ANDUNWV1 
WRITE(2,4956) NDUN 

4956 FORMAT(4WNO. OF UNIT HYDRO6APH ORDINATES=',I4, 
CALL KER16N(XS9Y87NXS,NrhNEVJANoAKODUN5UH,IER) 
CALL DUMGAM(UH,NDUHIAN'AIWIIER) 
CALL CONYNON,YPRED,NXS,NYS,NFV9OHoNDUH,NOYS1. 
SUMI=0.0 
DO 17 1=1,NOUN 
UR(I)=ON(I)*DLT 
SUNI=SUOI+UR(I) 

17 CONTINUE 
WRXTE(2,231SUMI 

23 FORMAT410WARFA OF  

• 
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DO 24 I=1,NDUM 
24 UNS(I)=.27/*C4tUWII 

WRITE(2s345) 
345 F0RNAT420WUNIT NYDROSRAPN ORDINATES', 

WRITE(25346) 4UNS(X)$I=1,NDUH) 
346 FORNAT(4X910F81.3) 

DO 600 E=1,NDUM 
600 UNH(I)=UHS(I) 

CALL RANK(UHS,NPUH) 
D0 601 I=1,NPUN 
IFSUMS(NDUH)FNEI.UHH(D) en TO 601 
K=I 
60 TO 703 

601 CONTINUE 
703 WRITE(29602) UHR(NDUN),K 
602 FORM4T44X .O4ii. PEAKM*376)='!2XJF5p0/ 

14X,rUi.th TIME 10 PEAK IMPF)=',2X112) 
NRN=0 
K3=1 
3.1;*=.0 
K4=0 
K5=1 
na.  110 I=1,NOYS 
YS(II=YS(I)*Oa7776*CA 

110 1PREP(I)=YPRED(I)10.2777*CA 
DO 109 EI=1. 01EV 
it It 
VPITE(2,115Y III 

115 FORM4TO4WEVENT NOF-'52X913) 
NPN=NRN+NTS(11Y 
WRITE(252000) 

2000 FORM4T410WESTIMATED-DI1ECT SURFACE RUNOIF"Y 
WRITE4252244Y (YPRF0405I=K3ARNY 

2244 FORMAT(4X,10F10.3 
WRI1E(2,114Y 

1
.
14 FORNATUSWCOMPARISDN OF OBSERVED AND SIMULATED MYDRUMKA 

1PH' 
MR:UT:42,116Y 

.116 FORMAT(4X,(101.',10WODSERVED D6E0'910WFONPD DSKO'i 
K4=K4+NNRE6(II) 
K6=NNBE61:10 . 
DO 11? 1=K3NRN 
( 4=K4.41 
K6=K44.1 
IF(K6,61.,-NRU(11)) 60 TO 117 
YPREDO(K6=YPRF6(IY+CDFLO(K4) 
YMK6)=TS(I)+CDFIO(K4) 

117 CONTINUE 
OBE6N=NNAE61M 
mRFAM=K;i4NPFOO-1 
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N7=0 
DO 11S I=NE.MREGN 
N7=N7t1 
'0E.0(K7I=CDFL0IU 

118 YPREPOK7)=CrUuU 
N3:-N3-1.NROUt) 
LP:NEW:In. 
DO 17:1 I=13L1 
KL=I 
WRITF(?4122) L,'(SC4( I OOI f 

122 FORMAT!4X5TX.151.1.1SA.;-/ 1 
121 CONTINUE 

S2=0.0 
00 6S35 1=110 

683Ii E7=824-10WII1 
ANROW1.1 
SMEANISVANRUN 
S3=0.0 
S4=0,0 
DO 6836 I=1.1.1 
S3=S34-(YSOM-MEAN2 

6836 S4=R444YRtrn)-YERED0 1:1)r 
EFF=S(SA-4)/“11 *1 00 .0 
WRITF(296S37) EFF 

6.837 FORNAVI4X.'EFil.CIr.4W.r OE.  TOE NODE .'n 

DO 603 I=10.1 
001I0W=YEND 

603 CCOMPO(I)=REDO(I) 
GAIL R(MCYSILLfl • 
CALL RANKIYPREDO.I1) 
DO 604 I=t Li 
IF(YSO(L1).NE.00DOIDI 60 TO 604 
J=I-1 
60 TO 701 

604 CONTINUE 
701 WRITE(2,605) YSRUslhti 
605 F0RMATI4 PEAK (1•013/Sr='!inIS7 .1/4X: 

1cORSERVE0 TINE TO PEAK 4NRS).=1 .2X4X2y 

DO 606 f=1.4.1 
IF(YPREDO(L1).NE CCOMPW,I)) 60 10606 
L=(-1 
60 TO 702 

606 CONTINUE 
702 WRITE(2,607I YPREDOIL1)5L 

607 FORMAT(4WC0MPUTED PEAK (Mtt6ISJ=".2X5F'.1/4Y. 
l'COMPUTED TINE TO PEAK OIRg)=".2X,12) 
CALL ERRORWOADICCOMPDWbSTI:.5AIWODVE) 
NRITE(2930I STEABE,ABRE 

30 FORMAT(4WAYERAGE STANDARD ERROR=',2X,F8.3/4X.'AUREA6E AB 
1SOLUTE ERR0ROFR.V4X5"AVERAGE PERCENTAGE ;03S0LUIE ERROR 
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2='‘2X9F8.3) 
PEPEAK=IABSITS0(1.1)-YPRED041.1))/Y60(11))4.100  

AJ=J 
AL=L 
PETPEAK=IABSIAJ-ALY/AJI*1000 
4RITE(256830) PERE4R5PETVEAK 

6830 FORMATI4X,TERCENT4BE AB6OLUTE ERROR IN RF4K=r0'10215 
14X,'PECENTA6E ABSOLUTE ERROR 0 TINE TO PEAK1OF2i 

K3=NRM4-1 
K4M3 
0:5=M3+1 

109 CONTINUE 
STOP 
END. 

C 
SUBROUTINE RAIN3RIEEFR5SUPORO5BOLTIEE RONBEO3NNRATNOAINFR 

11SSRX) 
DIMENSION EEFRI50)5FEXR(50)1RXSI50) 
AAINFR=0.0 

15 NN=0 
SSRX=0,.0 
BO 150 I=NNBES,NNRAIN 
RXS(I)=FEERW-AAINFRZOOLT 
IF(RXS(I),LEF0,0i SO TO 140 
EEXR4I)=RMY) 
NN=NN+PPLT 
SO TO145 

140 EEXRII)=.00 
145 SSRXSSRX.ITEXRU) 

- 150 CONTINUE 
IFIIABSISSOSRO-SSROMSSOSRD4-001Y70,20,45  

45 AINF1=ISSRX-CSOSROJ/NN 
44INFR=AAINFR1AINF1 
60 TO 15. 

70 CONTINUE 
RETURN 
ENO 

SUBROUTINE gg::06NCX1; YSOXSAYSgNEV5R1P250PONFOUNKERI 

EXTERNAL F1.0 
DIMENSION XS41YOSI:1Y4NXS(NFV)5NYSINFMOOKINDUW,P(2) 

COMNON/N1SM/ X:iCI200MX.62000)INNOCl2OlOYSN201 5MEVC 

1 BUNCI200),NAUNC=NOYS 
N1=0 . 
NOY8=0 
DO 10 1=10EV 
IT=NXS(T) 
NXSCITh,IT 
N1=NiiIT 
IT=NYS(I) 
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NYSC(I)=1T 
10 NOYS=NOYS-1-1T 

IF(NOYS.LT.41) STOP 771 
DO 20 I=14N1 
XSC(I)r.X.S(I) 

20 YSC(I)=YS(I) 
IF(NOYS.E0M1) 0.010 40 
IT=N1+1 
no 30 I=IT5NOYS 
YSC(I)=YS(I) 

40 NEVC=NEV 
NPUNC=NDUN 
F'( 1)=P1 
P(2)=P2 
NP=2 
TOL=1.0E-3 
ITMAX=200 
IPRT=10 
CALL OPTON(PO4P,F16MITOL,ITMAX,IPRI,IFR) 
DO 50 f=14NPUM 

50 DUH(X)=PUNC(I1 
P1=P(1) 
P2=P(2) 

9.0 RETURN 
END 
*****1**************g****UOtlat****Ut**4**t******MtP 
FUNCTION FloM(YP) 
DIMENSION XP(2),YPRED(2000) 
COMMON/KIM& XSC(2000),YEL(2000),N1.8( NYSC(20)5NEVCf 
1DUNC(200)INDUNC,NOYS 
DOUBLE PRECISION SUM 
Fl6M=10E32 
D=1.0 
IF ( XP(fl.LE.1.0E-7.0P(2)LE.1f 0E-7) “Uf0 20 
CALL PUHG41PO1CNOORCC4P<1),XP!2)5t191ER 
IF(IER.NE .00 STOP 551 
CALL CONVMOCOPRED,WASC9NYSC5NEVCOMMC9NDONC3NOYS) 
SUM=0.0D0 
DO 10 I=1,NOYS 
TEMP=(YPREP(I)-YSC(I)) 

10 SUM=SUM+IfMMEMP 
Fl6M=SUM 

20 RETURN 
END 

SURROUTENE CONVM(XSCIIPRED7NXSCMYSC,NEV(:.5VOHC9NOUNC,NOYS) 
DIMENSION XSC(2000hYSC(2000)90XSC(20)=NYSC(20is 
1 DUHC(200) 

DIMENSION EXR(2000),COMP42000),YPRED(2000) 
N1=0 
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N2=0 
g1=1 
K2=1 
DO 1 1I=1,NEVO 
N1=Nli-NXSC(1,I) 
N2=N2-0Y5C(11) 
L=0 
L1=0 
DO 10 1=102 

10 EXR(I)=0,0 
DO 2 I=.1501 
L=L+1 

2 EXR(L)rXSC(I) 
DO 3 I=K21N2 

3 L1=L1.1-1 
DO 11 1=102 

11. COMNI)=0.0 
DO 4 X=1,L1 
SUM=0,0 
DO 5 J=1,1 
KK=X-J+1 

5 EUM=SUM+DUNC(J)*FXR(KK) 
4 COMP4I)=5UN 

no 6 1=1,11, 
KrA=K24.1-1 

6 YPRED=1)=COMP(I) 
K1=N11.1 
K2=N2-1.1 
CONTXNUE  
NOTS=0;1 
RETURN 

c. 
END 
******************M1044***tt**************4************ 

SUBROUTINE OPTON(X)NAWC,TOLOTMAX,(PRT#XER) 
DIMENSION XI1),HES(210),GRAD!201WORK(20),P(20),Y(20h 

I GRAD0420) 
DOUBLE PRECISION SUM,S2 
LOGICAL FOUND 
IER=954? 
IF(N.611.20) GO TO 400 
M=N*01+1)/2 
IF(M,6T.210) GO TO 400 
IER=9? 
TOL1=TOL 
TOL2=TOL 
TOL3=101.410.0 
6TPM4X=10E20 
N1=N+1 
DELTA=1•0E-5 
STEP=1,.0 
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IF(IPRT.LE.0) 60 TO 7301 
WRITE(29800) 4IT0L1(19X(I)91z19N) 

800 FORMAT(/' OPIUM CALLER WITH ARSUMENTSe/ 
NO, OF PARAMETRS : '914/ 
TOLERANCE  
INITIAL PARAMETERS 1// 

420("9159F12.5/)) 
7301 CONTINUE 

F2rFONC(X) 
IRET=1 
BOTO 7102 

7109 CONTINUE 
ITrl 
DO 10 I=19M 

10 NES(I)=0.0 
INRX=1 
DO 20 I=1,N 
HES(INRXY=110 

20 INDX=INDXf01"I 
110 IT=IT+1 

IF(IT.6T.ITMAX) 60 TO 400 • 
CALL 180tV2(MFS9SRA0IWORK9N9IER) 
IF(IER.NE,O) SP TO 400 
INDX=1.  
BO 9308 1=19N 
WORK ( I )=WORK(  

7308 INDX=INECON1—I 
CALL 1801V1(HES9WORK9PIN9UR) 
IE(TFR.NE.0) GOTO 400 
IF(TRRT.!F..0) Mit Ili 7302 
WRITE429500)119(19SRANI'9P(I)91=19N1 

500 FORMAT(/' ITFRATMN NO, :'115/ 
120(' '91592E15F6/)1 

7302 CONTINUE 
ITL=0 
DXr:STEP 
ALFA=0.0 
FOLA.42 
FOUND=.FALSE. 

60 ALEA=PLEMPX 
ITLnITL-1.1 
IF(ITL.6T.ITMAX) 60 TO 410 
DO 30 1=i9N 

30 WORK(I)=X(DiALEA*P(1) 
ENEW=FUNC(WORK) 
IF(FOLD—ENEW) 40950950 

50 ,FOLD=FNEW 
TOUND=.TRUF. 
Dx=nn2,0 
SO TO 60 
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40 ALFA=ALEA-DY 
DX=-0.5IDX 
IF(A8S(DX)jitTOL1FORkFOLD 8E,F2) 60 TO 60 

410 XF40NOTJ.RONA) ALP40.0,0E-5 
IF(IPRT.LE,01 1111 TO 7703 
WRITE(2C/00) 1110;27FULD 

700 FORMAI(/' LINE SEARCH COMPLETED 
1 LINE ITERATION NO. t'II5/ 

OLD FUNCTION VALUE t',E15.6/ 
NEW FUNCTION VALUE 4'4E11 

7303 CONTINUE 
F2mFOLD 
STPMAX=0,.0 
DO /0 1=19N 
TEMP=ALFAW(I) 
STPMAY=4MAX1(STPMAXNAMTE1P)) 

70 X(1)=MI)+TEMP 
IF(IPRI,LE,0) OM 7704 
WRITE(2,7104'. 

7104 FORMAT(' CURRENT SOLUTTON'/) 
DO 75 NIffht 

75 WRITE(2,7105) IFX(I) 
7105 FORMAT( "5t551.12.&) 
7304 CONTINUE 

6MAX=00 
IRET=2 
60 TO 7102 

7103 CONT(NUE 
DO go i=1,14 

80 GMAX1:AMAX1(60AX5ARS46RAD1I))) 
IF(IPR1FLEA1) 60 TO 7305 
WRITE(291100) 5TPMAX,OMAX 

1100 FORMAT(' STPMAX'6M4X '0E20.6) 
7305 CONTINUE 

IF(SIPMAX,LT.TOL2.AND,CAMAXLI 011 ) SO TO 300 
51=1.0/81 
IF(S2E01.0.00) 60 TO 300 
IF(ALFAEOp0,.00) 611 TO Ylo 
S2=1,0/(52*ALFA) 
IF(tPRT,L1(4) ao TO 7110 
WRITE(2,7405) SliS2 

7405 FORMAT!: PRE UPDATED HESSIAN'/' MU1TXPLIER8 (12E16p6) 

WRITE(2,74061 
7406 FORMAT(' VECTORS ') 

DO 7407 f=1,111 
7407 WRITE(2,7408) I,6RADOSI),T(1) 
7408 FORMAT(' '15,2F1a.) 

00 7409 1;1'0 
740? WRETE(2,7403)10ES(1) 
7410 CONTINUE 
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CALL UPDATE(NESP8RADO,NS1'IER) 
IF(IER.NE.0) (30 TO 400 
CALL UPDATENFS,Y09S29IERi 
IF(tER.NE.0) GO TO 100 
INDX=1 
NESMAX=0.001 
DO 7501 I=1fN 
IFCHFSIINDX).1T.NESMAX) GO TO 7502 
HESNAX=NESINDX) 
an TO 7501 

7502 CONTINUE 
IF(HEMINDX).0T.DELTAY GO TO 7501 
NEG(INDX)=HESMAX 

7501 INDX=INICON1-I 
IF(IPRT.LE.0) GO TO 110 
WRITE(2,7401) 

7401 FORMAT UPOATEP NES6IAN(1 
DO 7402 I=101 

7402 WRITE(2,7403)1HES(I) 
7403 FORMAT(",I5,r156) 

60 TO 110 
300 IER=0 
400 RETURN 
7102 CONTINUE 

51-7:0.0 
52=0.0 
00 7101 I=10 
DX=A1AY14ABSi0.00001*X(I)1.1.F.-15) 
x(I)=x(1).1-nx 
ri=rumc(x) 
x(r)..xm-ax 
IF(STPMAX.6T.TOL2) 6O 10 7601 
XIIY=X(I)-BT, 
F3=FUNC(X) 

SUM=F1-F3 
4EmP-sno/(2,0tsw 
GO TO 7603 

7601 SUM=F2-F1 
TEMP=SOM/PX 

7603 61=S1-6RADOWI) 
Y(I)=CRABW-TEMP 
52=62+P(I)tY4TY 
ORAO04I)=OR4BIli 

7101 GRAD(I)=TEMP 
60 10(7109.710fl.IRET 
END 
**************44**11***44**M0***t***MM*****tWI t 
SUBROUTINE UFBATENES,00561IER)• 
DOUBLE PRECISION SUN 
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DIMENTON HES(1)00(1,0v(20) 
IER::991 
IF(N.EITA.201 Go TO 700 
DELTA=10E-6 
NI=Ntl 
TEMP=AR5(01) 
DO 332 1=1IN 

332 OU)=U(It*TEMP 
IF451,1E,04) en TO 500 
ING=l 
71=1,0 
00 10 J=1,0 
PJ=U(JY 
P4J)=PJ 
HESINC=NES(INC) 
T2=T11-PJ1P4iNESINC 
B=PJ/(NESINC4T2) 
NES(INC)=NESING$T2/T1 
T1=T2 
ILIM=J+1 
IF(IL1M,STbN) BO TO 10 
INC=INC+1 
DO 20 K=ILIN40 
HEgINC=NERUNCY 
UK=U( iO-PUHESINC 
U(K)=4 
NES(INC)=HESINC+BWMK 

20 IN(=INCtl 
10 CONTINUE 

00 TO 400 
500 CONTINUE 

CALL ISOLY2tHES,U,P,N,IER) 
IFSIERAF..0) 00 TO 700 
INC=1 
SUM=0,0 
DO 30 =:19N 
TENP=P(U 
SUK=BUMSIEMP*TFMF/HU4INC) 

30 INC=INC011-1 
T1=1,,O-SOM 
IF(T1.LTi.DELTWT1=0ELTA 
IBAS=Nt4N+1)/2 
J=N 

40 PJ=P(J) 
INC=1BAS 
HESINC=HES!INC 
T2=T14PAPJ/NWNC 
0=-PJ/SHESI4O,*TIJ 
U4J)=PJ 
TEMP=HESINr*TliT2 
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HMINC)=TEMP 
T1=T2 
ILIM=J-1-1 
INC=INC41 
IF(ILIK.ST.N) en TO 60 
DO 50 K=ILXO'N 
TE4IP=HES(INC) 
UN=U(K) 
HES(INC)=HES4INC)-MUN 
U(K)=WIPTiTEMP 
INC=INC+1 

50 CONTINUE 
60 IBAS=IBAS+J-N-2 

J=J-1 
IF(1,6E.I) an TO 40 

600 IER=0 
700 RETURN 

END 
C. 

SUBROUTINE ISOLV1(AMAT;RHS4tN5N5(ER) 
DOUBLE PRECISION S 
DIMENSION AM4T11)RMMMANS(N) 
IER=9” 
M=(4N+11*N)/2 
ANS!N)=RHSW 
(1=M-1 
IN=N 

10 IN=IN-1 
J=N 
S=OFODO 

20 S=tiANS(J)*AMATW 
M=0-1 
J=J-1 
IF(JOiLlNY. 60 TO 20 
ANS(IN)=(RHS(IN)-S) 
M=0-1 
IFSIN.ST.11 00 Ffl 10 
IER=0 

30 RETURN 
ENP 

SUBROUTINE ISOLM2IAMAT5RUS)ANE,N,KER) 
DOUBLE PRECISION S 
DIMENStON A41W(114RHSINYANS(N1 
IER=PlF 
ANS41)=RHS(1) 
PO 10 I=29N 
S=0,0110 
INIflI 
LIMFI-1 
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PO 20 J=19.LIM 
S=S+ANS(I)*A0Af(Tmn 

20 IN1=XN14N-j 
10 ANSII)=IRHSCIHS) 

30 RETURN 
END 

SUBROUTIN+ OAMM4IX9CA49XEM 
IER=P99 
IF(Y.LT.0,.0 RETURN 
IER=0.0 
IFIY.LE.20.0) GO TO 10 
Y=1 ./(M) 
P=I0,77783067E-341-0.277765545E-2)*Y+0.8.623333309E-1  

P=P/X 
GAM=4Y-0.5)*ALOGIX)-X+0.918P3135+P 

-GAM=EXPIGAMY 
RETURN 

10 Y=AINITX) 
N=Y-2f 
Y=X-Y 
6AM=I(0.10B29R5985E-1*Y-0.3427052255E-2)*Tt0.77549276F-1)  

1*Y) 
GAM=IIIBAMi0.8017824769E-1)*Yi0v4121029027)*Y+0.122166678)*Y  

GAM=GAM+1.00000015'? 
T1=1.0 
YP2=Y+2.0 
INN) 40970960 

40 CONTINUE 
C NEGATIVE N 

N=IAPS(N) 
PO 45 I=19N 

45 T1=T1*(YP2-I) 
T1=1 #0/T1 
GO TO 70 

60 CONTINUE 
C POSITIVE N 

N=N-1 
PO 65 I=09N 

65 T1=T14YP2+I) 
70 SAM=GAM*I1 

RETURN 
END 
***********************1***********44*******1**4*************  

SUBROUTINE filUCAMOVIHOEtURSNINPK 9  115 1ER) 

CALCULATE A D- PERIOD MT HYPROGRAPWFOR A GAMMA FUNCTION IUM 

DIMENSION OUH(NDUH) 
CALL SAMMA(PN964M9IER) 
IF4IER,NE.0) STOP 770 
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T1=1,0/6AK 
IF(D.67.0.0) 60 TO 100 
T1=T1/PN 
DUH(1)=0.0 
DELTA=D/PN 
T2=DELTA 
PN1=PN7.1.0 
DO 10 I=2INDUH 
DUH(I)=T1*EXP(T2)*ABS4T2)**(EM1)  

10 1-2:42-1DELTA 
60 TO 200 

100 DELTA=D/P1( 
DUH1=0,0 
T2=0ELTA 
DO 20 I=1INDUM 
CALL IC5AMA(PN,T2,6414191ER) 
DUH2=GAMI 
DUH(I)=(DUH2-DUH1)/D 
DUH14DUH2 

20 T2=T24DELTA 
200 RETURN 

END 
************************************************************* 
SUBROUTINE IC(3AMA(A9X,GAMIIIER) 
CALCULATES THE INCOMPLE1E GAMMA FUMC1XON 
IER=??? 
IF(XLE.0.0) RETURN 
NEN0=10 
T=0.6 
J=MEND 
DO 10 I=1,NEND 
Ai=j 
T=(A.1-A)/(1•01.AJ/(X-ET)) 
J=J-1 

10 CONTINUE 
T=1}0/LXiT) 
6AMI=EXP(-X)*Xt*AXT 
CALL 6AMMA(AI44M,IER) 
IFSIERAEpOL,  STOP 777 
SAMI=1,0-6AMI/GAM 
IER=0 
RETURN 
END 

SUBROUTINE ERROR(08SU,COMPO3M,SE,AE,APE) 
DIMENSION ORS0(50),COMPO(50) 
SUA1=M 
AN=N 
DO 10 I=1,01 

10 St011=S4M1f(COMPU(1)-08SUCI))**2 
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SUM1=SUM1/AN 
SE=SORT(SUM1) 
SUM2=0..0 
SUM-4=0f° 
De 20 I=19N 
SUM2,1SUM24ABSICOMPG(1)-OBSU(T)) 
SUM3=SUMMIARSICUMOUIII-INTSUIEWOBSUIt)) 

20 - CONTINUE 
SUM2=SUM2/AN 
AE=SUK2 
SUMZ=ISUM3/ANY*100 
APK=SI1M3 
RETURN 
END 

C. 
******************************M*********M**MUMS* 
THIS SHRUM:NE GIVES RANK 10 ANY VEXTOR COLUMN TO DESCENDINP 
SUBROUTINE RANI 1, 
DIMENSION 1(50) 
N1=N-1 
DO 3 X=1,141 
K=N-I 
De 3 
IFI1(J)-Y(J-11)139392 
SAVE=Y4.1) 
Y(J)=Y(.1+1) 
1IJ$11=SAVE 

3 CONTINUE 
RETURN 
END 

SUBROUTINE RONSEP(0)05NNRUN5NNnOTTIME5GB) 
DIMENSION 0450198F(50)9DRO(5019ITIME(50) 
De 50 X=MNBEefMNRUN 
IFIR(I),ED.CD,AND,O(If1).LT.C1t) on TO 60 
IF(g4I).EthcBaiNP.14(X+1Y.E0+GB) U0 TO 60 

50 CONT(NUE 
60 MRUN=T 

(HMRUN)=CD 
TTIMEIMRUN1=TTIMEII) 
De 10 I=NNDE69MR40 
DLT=ITIMEI11-ITIMEINNBFeY 
8F(I)=OINNITE51tIDIMRUN)-e*NNPFS))*BLT/ITTIMEIMRUN1-fTIMEINNBE 
le)) 
IFIQ(I)-PF(I)) 20920915 
DROII)=0•0 
60 TO 10 

15 DRO(I)=QII)-BF(I) 
10 CONTINUE 

IF(MRUNED.NORUN) SO TO SO 
De 70 ..(=(KRUNI-1)INNRUN 
BF(I)=Q(I) 

70 DRO(I)=0.0 
80 RETURN 

END 
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F. EXAMPLE APPLICATION 

a.Test Input-The input data required to run the progra-

mme are supplied as follows: 

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 INTERVAL ? 1 

DURATION OF UNIT HYDROGRAPH 1 

HOW MANY STORMS HAS TO BE ANALYSED? 1 

Information supplied through the file TEST1.DAT 

3.0 2.0 

105 

5 

0.156 

7 

0.181 0.272 0.171 0.220 

0 0 0 8 7 10 0 

0 11 13 9 0 0 12 

2 0 6 15 3 9 1 

0 0 25 10 8 0 0 

0 0 14 21 5.5 11 1.5 

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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Test Output 

EXCESS RAIN AND DIR, SURF. RUNOFF OFTAIL FOR EVENT 00.- 1 

CATCHMENT NIL- 807/I 
CATCHMENT AREA- 827.620 

DIRECT SURFACE RUNOFF SCUMFCS) 
0,000 2.1Ss 74,37h 214.547 283.710 795,918 757,125 740.713 702.500 174.488 

121.875 79,067 54.250 75.47S 70.625 12.817 MOO 0,000 

BASF row mows:RI 
40.000 67,817 , 45.675 6R.478 71.250 74,067 74,875 74.68o 87,S0(I new 

88.125 90.978 43.750 96.543 99,775 102.1R8 105,000 la0,000 

INFILTRATION CAP4C11Y4MM/HR)- 7.7013 

TOTAL RAINFALL EXCESSOIM1-. 10.016 
SEPERATFO RAINFA11 VAMES (MItIMFTREST 

4.075 S.982 0.000 0.000 0.000 
NO, OF uNIT HxftRo0APH ORDINATEs= 17 

UPTON CALLED NITH AMMENTS 
NO. OF SARAMFTRS 1 7 
TOLERANCE t 0.10000E-07 
INXTIA1 PARAMETERS 

7.00000 
2 2.00000 

ITERATION NO. t 2 
1 -0,280147F+00 -0.2R0147F+00 
7 -0,718234F+00 -0.718274E+00 

LINE SEARCH COMPIFTED 
LINE ITERATION NO. t 16 
OLD FUNCTION VAlUF : 0.376714E+00 
NEW FUNCTION VALUE t 0.294809E+00 
CURRENT SOLUTION 

1 2.472442 
2 1.971860 

STPMAX,13M4X 0.701402E-01 0.787777E400 

PRE UPDATED HESSIAN 
MULTIPLIERS -0.168757E+01 0.1557W-1.07 

VECTORS 
1 -0,7110147 -0,567875 
2 -0.718274 -0.494614 
1 0.100000E+01 
2 0.000000E+00 
3 0.100000E+01 

UPDATED HESSIAN 
1 0.786323E+02 
2 0,120886E+01 
3 0.224369E+01 
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ITERATION.  NO. 3 
1 0.287777E+00 0.202712E+00 
2 -0.216198E-01 -0.164661E+00 

LINE SEARCH COMPLETED 
LINE ITERATION NO. : 18 
OLD FUNCTION VALUE t 0.294809E+00 
NEW FUNCTION VALUE : 0.219812W0 
CURRENT SOLUTION 

1 1.279086 
2 1.680938 

STPMAX,GMAX 0.306444E+00 0.553167,F-00 
PRE UPDATED HESSIAN 
MULTIPLIERS -0.161585E402 0.101628E402 
VECTORS 

1 0.287733 -0.145744 
2 -0.021620 -0.574783 
1 0.786323E402 
2 0.120886E+01 
3 0.224369E401 

UPDATED HESSXAN 
1 0.794818E402 
2 0.130517E+01 
3 0.156932E402 

ITERATION NO., : A 
1 0.433527E400 0.653637E-02 
2 0453161E+00 -0.828899E-03 

LINE SEARCH COMPLETED 
LINE ITERATION NO. : A2 
OLD FUNCTION VALUE 1 0.239812E+00 
NEW FUNCTION VALUE : 0.210221t.400 
CURRENT SOLUTION 

.1 3.435793 
2 1.661065 

STPMAX/6MAX 0.156707E400 0.3787,70E+00 
PRE UPDATED HESSIAN 
MULTIPLIERS -0.421021E403 0.138787E+02 
VECTORS 

1 0.433527 0.577150 
4 0.553163 0.971733 
1 0.794898E402 

0.130597E401 
3 0.156932E+02 
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UPDATED HESSIAN 
1 0.647003E402 
2 0.164712E+01 
3 0.141221E+02 

ITERATION NO. : 5 
1 -0.144423E+00 0.141760E-01 
2 -0.378570E+00 -0.496114E-02 

LINE SEARCH COMPLETED 
LINE ITERATION NO. : 22 
OLD FUNCTION VALUE 1 0.210221E+00 
NEW FUNCTION VALUE : 0.149119E+00 
CURRENT SOLUTION 

1 3.576667 
2 1.562071 

STPMAX,OMAX 0.140874E+00 0.925318E-01 
PRE UPDATED HESSIAN 
MULTIPLIERS -0.580092E+03 0.364630E+02 
VECTORS 

1 -0.144423 -0.134007 
2 -0.378570 -0.471102 
1 0.647003E+02 
2 0.164712E+01 
3 0.141227E+02 

UPDATED HESSIAN 
1 0.740010E402 
2 0.208004E+01 
3 0.674413E+02 

ITERATION NO. : 6 
1 -0.541608E-02 -0.324634E-02 
2 0.425318E-01 0,152771F-02 

LINE SEARCH COMPLETED 
LINE ITERATION NO. t 34 
OLD FUNCTION VALUE t 0.144439E+00 
NEW FUNCTION VALUE t 0.196761E+00 
CURRENT SOLUTION 

1 3.645000 
2 1.506382 

STPMAX06MAX 0.118333E+00 0.134531E+00 
PRE UPDATED HESSIAN 
MULTIPLIERS -0.624135E+04 -0.422138E+02 
VECTORS 

-0.005416 -0.093331 
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2 0.042532 0.227043 
1 0.740010E+02 
2 0,208004E+01 
3 0.679413E+02 

UPDATED HESSIAN 
1 0.788165E+02 
2 0.212441E+01 
3 0.788165E+02 

ITERATION NO. : 7 
1 0.874148E-01 0.477843E-02 
2 -0.134531E+00 -0.407710E-02 

LINE SEARCH COMPLETED 
LINE ITERATION NO. t 18 
OLD FUNCTION VALUE : 0.146741E+00 
NEW FUNCTION VALUE : 0.146478E+00 
CURRENT SOLUTION 

1 3.733463 
2 1.440138 

STPMAXISMAX 0.384629E-01 0.128448E+00 
PRE UPDATED HESSIAN 
MULTIPLIERS -0.710121E+03 0.150234E403 
VECTORS 

1 0.087415 0.168527 
2 -0,134571 -0.001533 
1 0.785165E+02 
2 0,212491E+01 
3 0.788165E+02, 

UPDATED HESSIAN 
1 0.714372E+03 
2 0.216731E+00 
3 0.388175E+03 

ITERATION NO. : 8 
1 -0,804123E-01 -0.507016E-04 
2 -0.128448E+00 -0.284714e-03 

LINE SEARCH COMPLETED 
LINE ITERATION NO. : 34 
OLD FUNCTION VALUE : 0.146478E+00 
NEW FUNCTION VALVE : 0.1444181+00 
CURRENT SOLUTION 

1 3.734154 
2 1.504223 

STPMAXMAX 0.140851E-01 0.721849E+00 
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PRE UPDATED HESSIAN 
MULTIPLIERS -0,243466E+05 0,111587E+04 
VECTORS 

1 -0480612 -0,165558 
2 -0.128998 0.092901 
1 0,714372E+03 
2 0,216735E+00 
3 0.388975E+03 

UPDATED HESSIAN 
1 0.346852E+05 
2 -0,554979E+00 
3 0.808232E+02 

ITERATION NO, t T 
1 0,849454E-01 -0,119753E-02 
2 -0,221819E+00 -0,216221E-02 

LINE SEARCH COMPLETED 
LINE ITERATION NO. : 12 
OLD FUNCTION VALUE : 0,194658E+00 
NEW FUNCTION VALUE 0,194654F+00 
CURRENT SOLUTION 

1 3,736155 
2 1,503682 

STPMAX,OMAX 0.540552E-03 0.376572E-01 
PRE UPDATED HESSIAN 
MULTIPLIERS -0,264503E+04 0,875535E+04 
VECTORS 

1 0,084945 0,087139 
2 -0.221899 -0,259557 
1 0,346852E+05 
2 -0.554979E+00 
3 0,808232E+02 

UPDATED HESSIAN 
1 0,616733E+06 
2 -0.284235E+01 
3 0,192368E+06 

ITERATION NO, t 10 
1 -0,219360E-02 0,460724E-06 
2 0.376572E-01 0,163344E-'06 

LINE SEARCH COMPLETED 
LINE ITERATION NO, : 201 
OLD FUNCTION VALUE : 0.194656E+00 
NEW FUNCTION VALUE t 0,194656E+00 
CURRENT SOLUTION 
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1 3.736155 
2 1.503682 

STPKAX,GMAX 0.000000E+00 0.376572E-01 
AREA OF UH=. 0.99724 

UNIT HYDROGRAPH ORDINATES (M**3/SECY 
1.895 12.772 26.298 34,017 34.907 31.175 25,182 19,346 14.035 1,798 
6.633 4.379 2,832 1.719 1.126 0.695 0.424 

U.H. PEAK(M03/8)= 35. 
U.H. TIME TO PEAK (HRS)= 5 
EVENT NO.- 1 

ESTIMATED DIRECT SURFACE RUNOFF (K**7/SEC/ 
7.666 63.024 182.957 295.290 345.175 335.416 289.607 730.457 

85,583 57.441 37,715 24,256 15.339 1.561 5.884 
COMPARISON OF OBSERVED AND SIMU1ATED HYDROBRAPH 

NO, OBSERVED HYDRO COMET HYDRO 
1 55.0 55,0 
4 55.0 55.0 
3 60.0 60.0 

654,  70.5 
5 142.0 128.6 
6 285.0 251,4 
7 355,0 366.5 
8 370.0 419,2 

430.0 412,3 
10 440.0 369.3 
11 285,0 313.0 
12 260.0 258,1 
13 210.0 211.9 
14 170,0 174,5 
15 150.0 151.2 
42 132.0 134.3 
17 120,0 123.6 
18 115.0 117.5 
14 105,0 114.6 
20 100,0 105,4 
EFFICIENCY OF THE MODEL= 76.66 
OBS. PEAK (KM/S)= 440,0 
OBSERVED TIME TO PEAK (HRS1= 
COMPUTER PEAK 4M**3/S1 .119,2 
COMPUTED TIME TO PEAK (HRS)= 7 
AVERAGE STANDARD ERROR7r 22.574 
AVREAGE ABSOLUTE ERROR= 13,253 
AVERAGE PERCENTAGE ABSOLUTE ERROR= 5.221 
PERCENTAGE ABSOLUTE ERROR IN PEAK= 4.72 
PECENTAGE ABSOLUTE ERROR TN TIME TO PEAK= 22,22  

172.778 
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