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1. Introduction

This manual is a report in a series of Technical Reports produced by the Water Resources Research Group at the 
Department of Civil Engineering, University of Salford.

The manual is a reference to the software package TFUH, a program for estimating the parameters of a transfer 

function model from the ordinates of a unit hydrograph for gauged or ungauged catchments. In the case of the 

latter a triangular synthetic unit hydrograph is determined by application of Flood Studies Report (FSR) 

procedures. The report begins by stating the software specification and goes on to discuss the input information 
required. The structure of TFUH is described and illustrated with a flowchart and an example run-time session 

described. Annotated samples of input and output datafiles are included.

The Appendices provide a source listing of the program together with a hard copy listing of example input and 
output datafiles. Datafiles accompany the program on the distribution disk and may be used to replicate the run­

time example in the report main body.

The Water Resources Research Group would welcome any comments on this Software Profile. Please contact 

Professor Ian Cl uckie at the address ai the front of the report
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2. Typography and Flow Chart Symbols

The body of this manual is printed in a normal (Times font) typeface; other typefaces have special meanings.

C o u r ie r  is used for the listings of the program, datafiles and screen output. B o l d e d  c o u r i e r  
represents interactive user keyboard input whilst annotated comments of source code and datafile listings are 

made in bolded times.

The program structure is illustrated by a flowchart and described (summarised) textually. Algorithms are 

described in terms of steps such as inpuL output and computations. Decisions are made by testing Boolean 

expressions that are evaluated to be true or false. The flowchart symbols for these processes, along with a 

symbol to indicate beginning and end are:

A ssignm ents or com putations

Input or output

Boolean expressions

Start o r stop C
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3. Software Specification and System Requirements

TFUH is a FORTRAN program for estimating the parameters of a transfer function model directly from unit 
hydrograph ordinates. The model parameters are written to an output file together with summary statistics. The 

forecasting performance of the estimated model can be assessed off-line using the model verification program 

TFrOR (see Tilford, 1989a).

The software is coded in ANSI FORTRAN 77 and has been developed on a Digital Electronic Company (DEC) 

MicroVAX II minicomputer using VMS V5.2 and FORTRAN 77 V5.0. The code does not use any non-standard 

VAX FORTRAN 77 implementations (extensions) and is easily ported to a wide range of FORTRAN 

environments.

Graphics play an important role in TFUH and are facilitated by UNIRAS Graphics Software1 package (Version 

6.02). UNIRAS graphics modules are machine independent and can be implemented on a wide range of 

machines. A menu of devices for which the graphics elements of the software have already been implemented 
prompt the user to indicate the device on which the software is running enabling the correct device driver to be 

software selected. Implementation for new devices is straightforward if a UNIRAS driver for the device is 

available.

UNIRAS A.S.,376 Gladsaxevej, DK-2860 Soborg, DENMARK
UNIRAS Ltd, Ambassador House, 181 Famham Road, Slough, SL1 4XP, UNITED KINGDOM.
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4. The Transfer Function Model

This section summarises aspects of the lumped transfer function rainfall-runoff model developed by the Water 
Resources Research Group, related to unit hydro graph theory and the calibration procedures built into TFUH. 

The model is parametrically efficient, structurally compact and robust to riata loss or error. It is well suited to 

real-time operational environments and is currently being impiemented in the U.K by regions of the National 
Rivers Authority.

4.1. Transfer Function Models and Unit Hydrographs

The lumped transfer function rainfall-runoff model is a simple black-box model which can be used for real-time 

flood forecasting. In a forecasting mode present and past observed rainfall and flow data are used to forecast future 

river flow; model updating allowing the model to update the percentage runoff it represents facilitating an input 

of total rainfall. These features implicitly introduce robustness into the model, seif-correction buffering 
inaccurate forecasts. The feedback of recently observed rainfall/flow data ensures maximum utilisation of 
telemetry data.

The unit hydro graph is the most widely applied hydrological model nationally and worldwide and owes this to 
its simplicity in terms of theoretical basis, ease of derivation, implementation and use. In contrast to the transfer 

function model, the unit hydro graph is an ‘open loop’ model and does not use feedback of ‘new information" 

used to improve forecast accuracy (though manual intervention can add a feedback dimension though mis may 

not always be feasible should flooding be widespread and human resources thinly spread). The unit hydrograph 

technique has been cnncised for this shortcoming, the inference being mat less than fin I use is being maac from 

the real-time hydromeric data. A further criticism frequently cited is the number cf parameters (ordinates) 

required: a function of catchment response characteristics and data sample intervals, a unit hydro graph usually 

has more than fifty ordinates and often approaching one hundred.

The transfer function model has been developed primarily with a weather radar rainfall input in mind. The model 

utilises an input of total rainfall, a single parameter being used to adjust the percentage runoff the model 

represents (model gain). The ability of this parameter to update continuously in real-time enables the model to 
adapt to changes in the physical state of the catchmcnt as ascertained from comparison of model forecasts with 

observed flows. The total rainfall input avoids the need to define a storm loss (i.e. effective rainfall), a 

cumbersome and none to exact process thus aiding implementation in real-time, whilst the feedback mechanism 

possesses the ability to. buffer inaccurate forecasts which may be attributable to poor input data.

The FSR (NERC, 1975) procedure for ungauged catchments is an attempt to produce a catchment model dircctly 

from physical characteristics easily obtained from maps. It is by definition a great oversimplification of the
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extremely complex processes of catchment response and storm dynamics. However, in practice synthetic 

triangular unit hydrographs can work surprisingly well. The reason for this is not obvious unless the 
mathematical characteristics of the model are examined more deeply. Powell (1987) did this for a number of 
different forms of the unit hydrograph (e.g. Clarke, Snyder, US Soil Conservation Service, etc.) and showed that 

despite differences in shape, all had similar properties in the frequency domain and possessed the characteristics 

of low pass filters. Hence, despite simplification in derivation and crudity in shape, convolution using ihe 

simple triangular form produces an output resuit which does not differ greatly to the output from other more 

complex representations.

Information regarding unit hydrograph convolution can be found in any basic hydrological text and is not 

covered in this manual.

4.2. Basic Structure

The transfer function model comprises essentially of two components: the flow part (a parameters), and a 

rainfall component (b parameters) and has a memory for past rainfall and flow values. The structure of the 

transfer function model is shown in eq. 1:

The block diagram representation of the transfer function model highlights the structure of the model and is 

shown in figure 1 (where z is a backward difference operator such that u.z'n = ut_n).

(eq. 1)

where:

& , b̂  = model parameters.
vt = runoff forecasted for time t (yt-n = instantaneous observed runoff for time t-n).

u. = total observed rainfall between time t-1 and time t.
yt = instantaneous observed runoff

Rainfall Input u
a |  bj*’1 + b jZ  2 •#■ , . . , + bqz q|

Runoff Output y

FIGURE 1: Block Diagram Representation of the Transfer Function Model
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4.3. Catchment Lag

Unit graph theory proposed by Sherman over half a century ago (Sherman. 1932) prohibits a lag in catchment 

response. Uniformly distributed rainfall is assumed to occur simultaneously over the whole catchment response 

therefore being instantaneous. Thus, although a pure time delay (r) can be easily incorporated into the model 

structure: in the context of transfer function models being derived from unit hydrographs, a lag will not be 

required

4.4. Raingauge and Radar Rainfall Estimates

Existing catchment unit hydrographs will have been obtained by analysis of observed river runoff and catchment 

averaged rainfall estimates derived from point rainfail measurements. The intrinsic difference between these 

rainfall data types will influence model simulation/forecasting performance. However, flow forecasts from a 

model calibrated from raingauge data using radar rainfall estimates will not necessarily be worse than if 

raingauge data were used. A study of flow forecasts obtained from raingauge and radar rainfall estimates using a 
non-linear storage model for a limited number of events in the Bristol-Avon District of Wessex Water Authority- 

showed that forecasts could improve when a radar rainfall input was used (Evans, 1987), despite the model being 
calibrated from raingauge data. However the expectation should be that as an archive of historical event daia is 

established modeis are recalibrated directly from catchment data and radar rainfall estimates.

4.5. Model Steady State Gain

The steady-state gain of a transfer function model is the ratio of (steady) output to a constant input of unit 

magnitude (i.e. a measure of model amplification) and is directly analogous to the percentage runoff:

Model % runoff = 100 (steady state gain)  ̂ ^

In this context, unit hydrographs (and consequently the transfer function models derived from them) have a gain 

of unity, since the output volume is equal to the input volume (because the input̂  is effective rainfall). To 

overcome this, the b parameters of the transfer function mode! are scaled by the catchment runoff factor 

producing a transfer function model which has a percentage runoff directly equivalent to the average catchment 

runoff for flood events. In the case of synthetic triangular unit hydrographs, standard percentage runoff is

I
r.o\ rr  « X
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estimated from physical catchment characteristics (see section 5.3.4).

The steady state gain may be determined directly from the parameters of the transfer function model as shown in

where CF is a unit conversion factor to ensure that the SSG is dimensionless.

4.6. Model Stability

A transfer function model shouid be implicitly stable, a finite input producing a finite output (the so-called 

3IBO rde: bounded-input bounded-output) and the model output decaying with time when there is no rainfall. 

Stability of transfer function model is a complex issue and the conditions which must be satisfied to guarantee 

stability are beyond the scope of this report (instead see Box and Jenkins, 1976). However in the vast majority 

of cases the model will be stable if the condition shown below is satisfied.

eq. 3.

(eq. 3)

0.06*roodel In terval (m in) 
catchm ent area (sq km) (eq. 4)

a , < 1 . 0

(eq. 5)

This condition is applied in TFUH and the user warned if violation occurs.

4.7. Model Order

The model order is defined as the total number of parameters in the model. Invariably a transfer function mode! 

will have fewer a  parameters than b parameters, the latter being a function of catchment lag and model interval.
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For example, a catchment with a lag of ten hours and hourly data (and a model with an interval of one hour) will 
require approximately ten b parameters, but should the model interval be increased to two hours only about five 

parameters will be necessary. This rule is a general guideline only and in practice fewer b parameters will often 

suffice. Fewer a parameters than b parameters are usually required.

4.8. Conclusions

This section has briefly described the lumped transfer function rainfall-runoff modei. A great deal of more 

detailed documentation exists and is listed in the bibliography. In particular the reader is referred to the Software 

Profiles for the transfer function model calibration and verification packages TFrOR and TFCAL (Tilford 

1989a, and Tilford 1989b).
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5. Model Calibration

This chapter is sub-divided into several sections. First, the general procedure utilised to obtain the parameters of 
a transfer function model directly from unit hydrographs are introduced. These are then covered in more detail; 

firstly for a gauged caichment unit hydrograph determined from classical empirical procedures, and then for the 

case of synthetic trianguiar unit hydrograph determined from physical catchment characteristics of an ungauged 

catchment. Finally a procedure common to both is described, identification of the optimal model structure using 

an equal order model search technique.

5.1. Procedure to Determine a Transfer Function Model from a Unit Hydrograph

A simple though powerful technique is used to estimate the parameters of a transfer function model from unit 

hydrugraph ordinates.

A (pseudoVrandom sequence of numbers is used as an input to the unit hydrograph which convolutes the input 

to produce an output sequence (in the same way as effective rainfall is convoluted to produce river runoff). The 

resultant input-output sequence then forms the basis of parameter estimation - model parameters for a selected 

modei structure being estimated by a recursive least squares algorithm (see Tilford, 1989a).

The same input data sequence is then ‘fed* into the calibrated transfer function mode! and the model output 

compared with that from the unit hydrograph. This relative comparison (statistically summarised by the root 

mean square error of signal convolution) can be used to assess the degree to which the output of the transfer 

function model and a unit hvdrceraph agree for a ziver. input sequence. However meaningful interpretation of the 

statistic beyond a simple relative comparison is difficult and other criteria aid more fully the calibration 

procedure.

The unit impulse response of the transfer function model and the unit hydrograph are compared graphically as a 

further test of model adequacy (the two represent the same thing, i.e. the model response to a finite pulse input 

of unit duration and magnitude). The important time to peak and peak flow values and the transfer function 

model and catchment percentage runoffs are summarised at the end of the model run.

The calibration process can be repeated for different model structures until an optimal model structure is found 

using the search procedure described below.

5.2. Identification of Optimal Model Structure
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Determination of optimal model structure is an important part of model calibration attempting to identify the 

model structure that combines the attributes of parametric economy (parsimony) and forecasting accuracy. 

Parsimony is important for a number of reasons, most notable of which are:

• the time spent computing forecasts (especially significant when a number of catchment models are running 

simultaneously in real-time)

• the number of past data items required (model memory), i.e. the model demand for past data.

Both are a function of the number of model parameters and hence both will reduce as the model order falls. 

Moreover, it is unrealistic to have a model with many parameters given the nature of the hydroiogical data 

(uncertainty and noise).

Identification of optima] model structures is a difficult subject and no truly satisfactory objective method yet 

exists: thus two different modellers can (will) produce two different ‘optimal stracsires’ for a given input-output 

sequence. This is not important as long as the model is sufficiently close to the optimum. Careful application 
of the equal model order search described beiow wiil result in a model whose structure satisfactorily approaches 

that of the optimal model.

The equal order model search technique combines objective statistical measures ar»u subjective interpretation with 
physical meaning in a hydrological context. In the search, parameters are sequentially estimated for a 2.2 model 

structure then a 3,3 model and so forth until an increase in model order no longer results in a significant 
improvement in model adequacy (where adequacy is judged using a combination of the measures described in 

section 5.1).

Once the optimal equal order mode! has been found an attempt can be made to reduce the model order further. 

Using the same subjective criteria applied in the equal model order search the number of a parameters is further 

reduced until the reduction produces a significant increase in model inadequacy. Usually the optimal structure has 

p<q, so only the number of a parameters are reduced.

5.3. Further Aspects of Unit Hydrographs

Using TFUH, transfer functions models can be calibrated directly from existing unit hydrograph ordinates or 

from physical catchment characteristics (in the case of the latter by application of the procedures for ungauged 

catchments published in the Rood Studies Report i.e synthetic triangular unit hydrographs). Whilst the 

calibration procedure itself is identical for both the initial processing prior to calibration differs though all 

processing is performed transparently.
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All information required by TFUH (e.g. unit hydrograph ordinates, catchment areas, etc.) is held in an 

input datafile described in section 62  and in figures 6,7 and 8.

5.3.1. Gauged catchments

For gauged catchments where unit hydrographs have already been determined from analysis of event da la­

the calibration procedure is relatively straightforward. The ordinates are used to directly convolute the 

pseudo-random input data sequence and the model calibrated using the procedures described in section 5.1 

and 5.2.

5.3.2. Ungauged catchments

For ungauged catchments, procedures documented in the Flood Studies Report are applied to yield a 

synthetic triangular unit hydrograph. Houriv ordinates are then used to convolute the pseudo-random 

sequence as described in section 5.1. The parameters of the unit hydrograph triangle are determined from 

the foilowing information (except if a direct estimate of catchment lag is available - see iaie: in this

secaonj,

S1085 : the stream channel slope measured between two points 10 and 857e of the stream ieng* 

from the gauge (m/km).
. LTiC i C i i £ U i  \ J i  uiC m u m  \ r \ u j )

RSMD : a net 1 day rainrail of 5 year return period. 

URBAN : the urban traction of the catchment.

using the following series of equations:

Tp = 46.6MSL, U S1085'**38 (l+URBAN)'1*”  RSMD °'4
(eq. 6)

(eq. 7)

Tb = 2J2 Tp
(eq. 8)

The synthetic triangular unit hydrograph derived has the form shown in figure 2.
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Tp, Tb and Qp are calculated prefereniially from the catchment lag time if this is available, since this 
enables more accurate estimation of the triangular unit hydrograph parameters. Catchment lag time can be 

defined in many different ways, the method preferred in the FSR being the time from the centroid of total 

rainfall to the peak flow. If catchment lag is available equation 9 is applied in place of equation 6:

T = 0.9 LAG
p (eq. 9)

Before convolution the triangle is digitised to yield a finite number of hourly ordinates using simple 

trigonometric relations. The total number of ordinaies is equal to the integer value of the base time (e.g. 

if u = !3.7 hours there will be 13 ordinates).

Figure 2: S vntheric Trlangular Unit Hvcrtvgrsr-h 

1 Omry'i hcur

A problem when estimating a transfer function model from a triangular unit hydrograph is obtaining a 

model impulse response which is both a realistic shape in a hydrological context having the general 

characteristics (e.g. time to peak, peak magnitude) of the triangular unit hydrograph. In trying to match 

the unit hydrograph characteristics the parameter estimation algorithm often produces a model with an 

impulse response having negative values at or greater than time tj, (see figure 4a). To help overcome this 

tendency the recession limb of the triangular unit hydrograph is smoothed by the introduction of an 

exponential decay (see figure 3). The overall effect is to relax constraints on the estimation algorithm
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stemming from the triangular shape, generally resulting in a more physically meaningful unit impulse 

response (figure 4b). The refinement was selected for its ability to produce improved impulse responses 

with minimal changes to the triangle. Further research on this aspect of transfer function estimation from 

triangular unit hydrographs is required.

5.3.3. Standardised Unit Hydrograph Ordinate Correction

All synthetic triangular unit hydrographs determined by application of the FSR procedure and some 

catchment averaged unit hydrographs derived by the classic techniques (‘by eye’ averaging or 

superposition) are standardised for 10mm rainfall depth over an area of lOOsq km. In such cases, a simple 
correction factor is applied (eq. 10) to produce hydrograph ordinates (and hence a transfer function model) 

for 1mm rainfail depth over the catchment area of concern.

_ catchm ent area  _ 1Factor = ----------------------------- *
area of hvdrograpb hvdrograpn  depth ,

-5.3.4. Effective Rainfall. Total Rainfall; Percentage Runoff and-Model Gain- -

Tne consequence of the different input data used by the models (i.e. total and effective rainfall) is thaL a 

transfer mode: calibrated directly from unit hydro graph ordinates will have a steady siate gain of unity 

(1009c runoff). This is resolved by reducing the model b parameters by 2 ractor corresponding to tnc 

runoff coefficient of the events used to calibrate the unit hydrograph. Hence, if the average percentage 

runoff of the events used to determine the catchment unit hydrograph was 30%, each of the b parameters 

will be reduced by 0.3, the transfer function model thus having a steady state gain of 0.3 (a percentage 

runoff of 30%) for delta equals unity. It is consequently essential 10 know the standard percentage runoff 

of a catchment

In the case of an ungauged catchment where the standard percentage runoff may not be known there are 

two options. In order of desirability:

• calculate the standard percentage runoff from SOIL and URBAN indices according to equation 11.

7  . . . . . . . .  - -
SPR = 95.5 SOIL + 12 URBAN ^

• use a value of 15% for the standard % runoff (this value is the lowest attainable from equation 11 i.e.
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for a catchment with no urban areas having a SOIL index of 0.15 [SOIL varies between 0*15 and 0.5]).

Figure 3: ‘Refired' Synthetic Triangular Unit Hvdrograph

ib

Figure 4: Unit Imr-ulse Rer-rmse of a Transfer Function Model Derived from 
'Standard and"Renned~ S vmhe dcT  rian c^lar Unit Hvdrognarh Ordinates

5-3.5. Model Time Interval

The time interval of a calibrated transfer function model will be the same as the time interval of the 

ordinates of the unit hydrograph: thus if the unit hydrograph intervals have an interval of 2 hours the
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transfer function will be a 2 hour model. The influence of model interval on model order is discussed in 

section 4.7.

5.4. Conclusions

This chapter has briefly introduced the procedure to estimate a transfer function model from the a catchment unit 
hydrograph for gauged and ungaaged catchments. The TFUH package performs all data processing and parameter 
estimation transparent]y enabling the user to concentrate on obtaining an optimum model structure for which a 

combined subjective/objective approach is described. The procedure for ungauged catchments entails the 

determination of a synthetic triangular unit hydrograph by application of procedures published in the FSR, and 

this is described in some detail. A number of pertinent aspects particular to model estimation from unit 

hydrographs have been discussed especially regarding the consequences stemming from effective (unit 

hydrograph) and totai (transfer function) rainr'ail model inputs, ordinate correction and model time intervals.
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6. Program Structure and Data Requirements

This chapter briefly describes the structure of TFUH.

6.1. TFUH Structure

A full source code listing of TFUH is provided in Appendix 1. In addition, a program flowchart is shown in 

figure 1 and a runtime listing is provided in Appendix 4. The program comprises of main block and a number of 

subroutines which are called from iL

Procedures for opening files, generating pseudo-random number sequences, determining synthetic uni: 

hydrographs, convoiuting models with input data, estimating model parameters using a recursive least squares 

algorithm, drawing unit hydrographs and transfer function mode! unit impulse responses, and producing program 

output are ail heid in subroutines.

Runtime execution can be summarised as:

Character and array initialisation _

Welcome message

Determination of current device type (for graphics module)

Output options block

Establishment of input and output datafile names 

Read model structure 

Read input data

Process unit hydrograph data / Estimate model parameters 

Graphical presentation of results 
Output of calibration results

All the required information is read from the input datafile (i.e. unit hydrograph details or physical catchment 

characteristics, catchment area, etc.). Model calibration is a cyclical process since a subjective search procedure is 

used to determine a suitable model structure, and is only interactive in that the required model structure must be 

entered by the user.

62. Input Datafiles

The program uses one input datafile, example listings of which are given in Appendix 2. The requirement in
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terms of input information differs according 10 whether a transfer function model is to be determined from an 

existing catchment unit hydrogiaph or for an ungauged catchment. An annotated diagram of a catchment unit 

hydrograph datafile is shown in figure 2 and of a catchment characteristics/synthetic unit hydrograph datafile in 
figure 3. Care should be taken to ensure that the input file complies exactly with the stated specification since 

any deviation may cause calibration error without necessarily causing a runtime error.

6.2.1. Input Datafile for Catchment Unit Hydrographs

A three line header block is ignored by TFUH and can be used to store pertinent information. The next 

four lines comprise catchment/gauging station information used for the results output: nam ely, river 
name, gauging station name, gauging station reference number, and station grid reference. Then fciiow. 

each on separate lines, the catchment area, the time interval of the unit hydrograph in hours, the rainfall 
depth of the unit hydrograph, the catchment area of the unit hydrograph, standard % runoff of the 

hydrograph calibration events, and the number of ordinates. After a one tine space the unit hydro graph 

ordinates follow, one on each line.

The catchment information is read as A40 and all numerical information is read in free format

6.2.2. Input Daiafue for Physical Catchment Characteristic Data

A three iine header block is ignored by TrUK and can be used to store pertinent information. The next
w  am r ti (V* i~ > 11 nf>a/̂  ffyr- tK/tt ÔCi»ltC nivui UiiCj muCuw^qu^iilt jmuvu imuniuiuwu iui wiw iwj^40

name, gauging station name, station reference number, and grid reference. Tne next line is the catchment 

area, a blank line and then the interval of the triangular unit hydrograph in hours. If the catchment lag is 

known (lag>0.0) it is followed by the catchment standard percentage runoff but if lag is unknown 

(lag=0.0) the main scream length (MSL), stream gradient (S10S5), urban fraction of the catchment 

(URBAN), and climatic index (RSMD) follow on the next four lines. The last value is the catchment 

standard percentage runoff.

The catchment information is read as A40 and all numerical infomation is read in free formaL

6.3. Presentation of Results _ - - -

An ‘Output Options’ program block, controls the way results are presented during run-time and the format of the 

results output file. The settings contained in the Options Block' are (default values in bold):
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• results output file? [yes/no]
• results summary to screen [yes/no]
• draw graphics on screen or to a plotter [screen/plouer]

• is a graphics output required (y e s/no)

If required these settings can be changed during runtime when the program asks if the program default settings 

need to be changed. It should be noted that the piotier/screen graphics output toggle is oniy enabled if a screen 

output device is selected at the first device selection menu.

Tne graphic output is a simple line overpiot of the unit hydrograph and calibrated transfer function modei unit 

impulse response.

Calibration results can be optionally written to screen and/or a textual output results me. Two example output 

flies are shown in Appendix 3. In summary, the following are written to the output file and a subset of it 

directed to the screen.

• catchment information (river name, gauge iocaiion, gauge code, zrid reference)

• adjusted hydrograph ordinates
*. calibraied transferiuncdon modei..informadon:_s:rjc:ure,..:ime_ir.tsrv2l,.parame:e:3, modei.and eveni _ 

percentage runoff.
• calibration error statistics: RMSE between unit hydrograph and transfer function mocei reccnvoiution of 

random data input sequence.
• model response statistics: unit hydrograph/transfer function model peak and time to peaks.
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7. Running the Program

The following is summary of the options that confront a user when the program runs. A fuil run-time listing of 
the program user-interiace during program execution is provided in Appendix 4. A series of prompts sequentially 

leads the user through a program initialisation phase establishing input and output filenames. Referral to the 

program flow chan (figure 5) may aid the reader.

The program is invoked by entering TFUH. After each response the return (enter) key is pressed, the 

dispiav scrolls and the next prompt is displayed. When all the prompts have been answered the program reads 

and processes the data in Lie input file, calibrates parameters, produces graphical output (if required) and writes a 
calibration report to the screen (if required) and to an output file (if required).

7.1. Example Run-Time Session

.An example run-dme session iilusuries the use of TFUK. The selected options are summarised below.

Device driver selected =VT Emulation (ReGIS).

Graphic ouiput directed to a plotter.
Estimation op non = calibration from catchment unirnydrograph 

Input datafile name = coisterworuLdai 

Output filename = results.out 

Modei structure = 5;6,0

Graphic outpuL

Calibration results output to screen and to output file.

STOP

If a filename is entered by the user which does not exist (in ihe ease of the input daiafile) or already exists (in 

the case of an output Hie), an appropriate error message notifies the user and a new filename can be entered. 

Error traps are also invoked should an incorrect response be made to a program prompt.
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8. Example Model Estimation

In this chapter two example transfer function models are calibrated, one for a gauged catchment using existing 

unit hydrograph ordinates and another for an ungauged catchment from physical characteristics.

8.1. Gauged catchment: River W’itham at Colsterworih, NRA Anglian Region, Northern Area.

The reader is referred to Appendix 2i and 3a for the input and output datafiles for this example.

This is a gauged catchment for which a unit hydrograph already exists. The unit hydro graph is for 1mm rainfall 
depth over the catchment area (51.3sq km) and has 47 ordinates. The catchment lag is approximately nine hours.

Initially parameters were estimated for equal order model structures ranging from 22 to 9.9. When completed, 

the convolution and ordinaie/irnpuise response RMSE's, magnitude and timing of peak flows were compared 

paying particular attention to the graphical comparison of the unit hydrograph and transfer function impulse 

responses (figure 9). From these it was notable that the lower model orders (2.2 to 5_5) couid not adequately 

represent the unit hydro graph shape whilst orders of 6,6 upwards could.

From these the 6,6 modei order was selected as the optimal equal order model. This order closely reproducing the 
shape of the unit hydrograph whilst having a significantly smaller convolution error tiian :he lower orders. The 

slight difference in the magnitude of the peak of the impulse response compared to the unit hydrograph is not 

important, and would be absorbed in reai-time by the transfer function model scaling factor delta.

Reduction in the number of a parameters beyond a 5,6 structure results in degradation in me shape of the 

impulse response compared to the shape of the unit hydrograph (with a corresponding fall in convolution 

accuracy).

A 5,6 model structure is selected as optimum.

8.2. Ungauged catchment: River Stour at Kedington, NRA Anglian Region, Eastern Area.

The reader is referred to Appendix 2g and 3b for the input and output datafiles for this example.

This is an ungaugcd catchmcnt for which no unit hydrograph exists. Thus the FSR procedure for ungaugcd 

catchments option is applied. Becausc the approximate catchmcnt lag is known (nine hours) this is used to 

directly estimate the parameters of the synthetic triangular unit hydrograph rather than using physical
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characteristics.

Initially parameters were estimated for equal order model structures ranging from 22  to 9,9. When completed, 

the convolution and ordinate/impulse response RMSE’s, magnitude and timing of peak flows were compared 

paying particular attention to the graphical comparison of the unit hydrograph and impulse responses (figure 

10). From these it was notable that the lowest model orders (22  and 33) could not adequately reproduce the 

main characteristics of the triangular unit hydrograph. However orders greater than 6,6 did not offer significant 

advantages over the lower order models.

From these the 5,5 mGdei order was selected as the optimal equal order model. Reduction in the number of a 

parameters to 4,5 and 3,5 structures results in (small) negative values of the impulse response and were 
consequently rejected. However the 2J5 order impulse response remains positive and for this reason is selected as 
optimum.

8.3. Conclusions

The examples illustrate the problems associated from estimation of transfer function models from catchment 

unii‘hydrographs-or-(and-in particular} physical catchment characteristics. largely because of the subjective nature 

of the modei order identification process. -  - - -

It should be recognised that the ungauged caichment procedure is very approximate and ihe resultant hydrograph 

a crude approximation of caichment response. Production of a transfer function mode: cioseiy replicating the 

synthetic hvdrcgraph is not the object of model estimation and the synthetic unit hydrograph should be viewed 

as no more then a general guide. For ungauged catchments transfer function moceis wiil net benefit from real­

time riverflow information and will therefore run in a ‘simulation’ mode (Cluckie and Tilford. 1989). Despi;e 

this the models should provide valuable early information on likely catchment response particularly with 

quantitative precipitation forecasts.

Derivation from a gauged catchment unit hydrograph is more straightforward. The unit hydrograph should 

already be a reasonable representation of catchment response and it should be possible to produce transfer 
function models with an impulse response closely resembling the unit hydrograph. In real-time operation, model 

updating will enable the transfer model to adapt to observed catchment response in real-time and thus improve 

upon the performance of the unit hydrograph model.

In buth cases it is desirable that the transfer function models be re-estimaieu with the advent of event data. A 

procedure for updated calibration of model parameters off-line as such data become available is currently being 

examined.
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9. Conclusions

This report is a users guide to the FORTRAN software package TFUH, a program for estimating the parameters 

of a simple linear transfer function model from the ordinates of a unit hydrograph. Two examples of model 

estimation fora gauged and ungauged catchment are included in the text.

The report contains listings of mil source code and input and output datafiles; all of which are contained on the 
software distribution disk. A runtime listing is provided and described in the text, and the user options are 

described.

A bibliography is provided if further information on related topics is required.
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FIGURE 5: Flow Chan for TFUH
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Appendix 1: TFUH Source Code Listing

0001
0002
0003

c
c
c

0004 c
0005 c PROGRAM TFUH
oooe c
0007 c A p r o c r a m  t o  e s t i m a t e  t h e  p a r a m e t e r s  c f  a t r a r . s f e r  f u n c t i o n  me d e l
0008 c from u n i t  h y d ro g r a p h  o r d i n a t e s  c r  u s i n g  t h e FSR p r o c e d u r e  f c r
0009 c ungauged c a t c h m e n t s .
CCIO c
0011 c Wate r  R e s o u r c e s  R e s e a r c h  Group
0012 c Dep a r tme n t  o f  C i v i l  E n g i n e e r i n g
o u ; J c U n i v e r s i t y  o f  S a l f o r d
0014 c SALFORD
CO 15 C M3 4*7

c
001/ For  f u r t h e r  i n f o r m a t i o n  c o n t a c t :
0C19 c ? r e f . I a n  C l u c x i e
0019 c

 ̂A ̂V V £ ^ c
0C21 c
0022 d im e ns i on  a l 5 0 ) , b ( 0 : 3 - )
00 23 d im e ns i on  random (r 01 ) ,  h _ re c o n  (5C1) , t  f _ r e cc r . (SCI)
0024 d i - e r . s i c r .  h c r d ( l C l )
0025 r e a l  i - p _ r e s p ( 5 0 1 ) , impin{SCI}
0025 c
0027 i n t e g e r  u h t p . z f m t p
DC 23 r e a l  ~ s 1
CC29 c
0030 c n a r a c t e r * !  sp
r* n *j ■* WVJ J1 c h a r a c t e r  ' 1  c c s e t l , o o s e t 2 , c c s e t 3 , v i e w , a g a i n
0 0 j  2 c h a r a c t e r  *40 c_nam, g_num, g _ c o d e , g_r .gr
0033 C
CO 3 4 5 f o r m a t (12)
0C25 6 f : rmat  ! a l , a 4 0 )
v j ? i c f o r m a t ( a l )

C03 9 iuhflac-:
2 2 4 0 ifsrflag=0 
C C 4 i c
3042 write{*,')
0043 write*',')
0244 wrire (*, ') ’ ------------------------------------------------------
0C45 ?----------------------------- '
CC46 write { * , ' )

GC47 write (*,*)' Transfer Function - ‘Jr.it Hysrccraph
0043 f Procras JTF'JH) ’
0049 write(*, w)
C050 writef*,*)' A program tc estimate the parameters cf a transfer
0051 # .node! from the'
0052 write (*, *) ' ordinates of a unit hydrograph or by appiicat ion
0053 # of the Flood Studies *
0054 write(*,*)1 Report procedure far ungauged catchments.1
0055 write{*,*)
0056 writet*,*)' See TFUH Software Profile for further 

information.■
0057 write (*, *)
0056 write (*, *) ' Water Resources Research Group'
0059 write (*, *) ' Department of Civil Engineering'
0060 vrite (*, *) ' University of Salford'
0061 write (*, *) ' SALFORD'
0062 write(*, *) * M5 4WT’
0063 - write <*, *) — —
A f\CA write(*, * \ ■UUt>«t J
0065 «--- 1
0066 write(*, *>
0067 write(*, *)



0 0 6 3 w r i t e ( w , ’ ) ' 5  ]

0 0 6 9 r e a d ( * , * )

0 0 7 0 d o  2 1 1  i - 1 .  4

0 0 7 1 w r i c e ( * )

0 0 7 2 2 1 1  c o n t  i n u e

0 0 7 3 c

0 0 7 4 c  E s t a b l i s h d e v i c e

0 0 7 5 c

0 0 7 6 w r i t e  { w , * >

0 0 7 7 w r i t e  ( * , * J  ' -

0 0 7 8 i ----------

0 C 7 9 w r i t e  ( * , * )  ' T

C C 5 0 «  d e v i c e i n d e p

Q C S 1 w r i t e  { * , ' )  ' -

0 0 3 2 i ----------

D O S  j w r i t e  ( * , -J  * P

C C  = 4 f d e v i c e y c u  w i

c  ; e s w r i t e  ( ’ , *  1 '  -> ~3

c c  S  c w r i t e  ( ’ ,

C C 3 ? w r i t e  ( T , ’ ) ’ t

CC 53

rasr.ics ts ce -irecte- tc;

{ _ ; v AXSte^lCr.
-riie (w, '} ' (2) VAXstatier.
write ' i25 VT Ir.ulater
write (w,’) ' (4) IBM PC

{GPX driver- ' 
(XII criver)' 
(?.e-3:s driver: 1 
[V3A driver)'

C  C  9 ' w r i t e  ( ' ,  *  j 1 ( 5 ) P e r .  P l o t t e r  ( H ? 3 1  d r i v e r }  ’

D C  9 2 w r i t e  { ' ,  ' ( 6 ) I r . i t  J e t  P r i r . t e r  ( e . g .  K P  I r . ! < * e :  / 1

C 2 9 3 w r i t e  < * ,  * >

C C 9 4 W  Z i t e  , * }  ’ O u t p u t  c a r .  b e  s w i t c h e d  b e t « e e r .  s c r e e r .  a r . d  p e .

r  r t g e
*  p l c t t e r  c u t p u t  b u t  c r . l v  i f 1

0 0 9 6 w r i t e  ( ’ *  1 1 a  s c r e e r .  c p t i c r .  i s  s e l e c t e d  a t  t h i s  s t a g e :

D C  9 7 *  s e l e c t  L.-.S a  p e r .  p i c t t e r  1

C C 9 6 w r i t a  ; »  t * )  1 c v e r i d e s  t h e  s c r e e r . / p l c t t e r  z z g z ' ^ e  c p t i c r . .  ’

C j  5 9 6  9 6 v r i t e  (

0 1  z  c w r i t e  ! ' r , ’ ) ’ P l e a s e  1  y p e  i r . t e c e r  i 1 , 5 , 3  , 4 , 3  z :  6 ] '

V ^  ^  A r e a d  ( * , i , e r r = € 9 6 ; i d e v i c e

0 1 0 2 i f  ( i d e v i c e  . c t . 6 ) g o t  c  6 9 6

C 1 3 2 i f  ( i d e v i = e .  1 e . 4 ) i i d e v i c e * i d e v i c e

C 1 0 4 w r i t e ( * , * )

0 1 0 5 c

0 1 0 6 c  n
—

3 1  c  c  it

0 1 0 7 c

0 1 0 s 2 '. 2 : c s e
- ■ 3  i V 1

0 1 0 ? c o s e z l - " i ■

0 1 1 3 : : s e 1 2 =  1 3 ■

^  - 2 1 “ w r i t e  ( * ,  ’  i

0 1 1 2 » »  1 2 c  y o u  w a r . :  t c  v i e w / c h a r . s e  c u r r e r . t  c u t p u t

0 1 1 2 r  c - * i = r. s e t t i n e s  : Y / N j  : '

C 1 1 4 r e a d  ( * , « : , e : r - 2 1 4 ) v i e w

0 1 1 5 i f  ( v i e w . r . e . • y  1 . a r . d  . v i e w . r . e  . 1 ' i ' . a r . d .  v i e w . r . e . ’ r. 1 . a r . d  . v i e w  . r . e  . 1 Nr ' )

0 1 1 6 *  g c t o 2 1 4

0 1 1 7 i f  ( v i e w . e q .  * y  ' . o r  .  v i e w  . e q . 1 ' i ' )

0 1 1 D i c a l l c - t c p t  f o e s e t ! , r e s e t 2 . r e s e t 5 , i d s v i c e ,  i i d s v i c e  i

U — L. ^ c

0 1 2 0 w r i t e ( * , * )

j  1 . w r i t e { w . w )

n :  -5 ^
w r i t e  ( * ,

«  1 I 1
3

0 1 2 3 w r i t e ( * , ■)  • P r o g r a r .  u s e r  i n p u t 1

n  1 ^  a w r i t e  ( * ,
%

U  n J

0 1 2 5 w r i t e ( ' , M

0 1 2 6 w r i t e  ( * , * >

0 1 2 7 w r i t e  ( w , * >  1 W h i c h  o p t i o n  i s  r e q u i r e d  ? *

0 1 2 8 w r i t e  ( * , * )  ‘ ( 1 ) T F  m o d e l  f r o m  u n i t  h y d r o g r a p h  o r d i n a t e s '

0 1 2 9 w r i t e ( * , * )  • ( 2 )  T F  m o d e l  f r o m  p h y s i c a l  c a t c h m e n t

0 1 3 0 t  c h a r a c t e r i s t i c s  1

0 1 3 1 w r i t e { * , * )  ' P l e a s e  t y p e  i n t e g e r  ( 1  o r  2 ] . '

0 1 3 2 1 0 r e a d  ( * , 5 ,  e r r = 1 2 ) i s t a t

0 1 3 3 i f  ( i s t a t . e q . l . o r . i s t a t . e q . 2 ) g o t o  1 5 1

0 1 3 4 1 2 w r i t e { * , * ) _

0 1 3 5 w r i t e ( * , * )  ' E n t e r  a n  i n t e g e r  c o r r e s p o n d i n g  t o  c h o i c e  [ 1  o r  2 ] '

0 1 3 6 g o t o  1 0

0 1 3 7 1 5 3 w r i t e  ( * ,  • )

0 1 3 8 c

0 1 3 9 2 6 i f  ( ( i u h f l a g . e q . 0 . a n d . i s t a t . e q . 1 ) . o r .

v



I
I

o »*• o I (ifsrflac-eq.0.and.istat.ec.2)) then

-'I- —
— —  _ 1 0 '.N I-* 1 write J *, *) ’ Inter r.a.T.e cf input file'

I 0142 call oper.fi'le'tr; iquic)— — -— ________________
0143 if liquic.ec.999) goto 999 _ • - - -
0144 read(2. ')

( 0145 read(2, ')
1 014 6 read(2. *>

0147 read(2, 6) sp, c_na.T.
C148 read(2, 6>sp,c nur.
0149 read(2, 6)so,c_code

1 0130 read(2,5) sp, g_r.gr
C151 read(2, ’ lc-.;area
0152 if (is-a:.eq.1) then
ji s: zead (2, ’ ) ir.t_"

- -O'; 54- • - — — .read.{2,.’_) h_depth
r* * z Z,

-ead (2,*)h_area ' — — - _ - - - - —

C15 6 read(2,*)spr;
£15 7 read(2, ' ) r._h_=rd
G13 5 read(2, ’)

12, w} h 3 rd J i)
:isi ■r. = rd!i;*h c r d {i■*!c~tarea/h area.1 w i 1. C/h depth;
“152 e
G1 S3 else
G1S4 read(2, ')
0155 read (2r’Jir.t h
G165 read (2. ’J fsr_lag
G IS” if (fsr_lag .It.C .1) then
G1 So read (2, * J rr.sl
: i s = read (2,-)slCSS
-1 7 0 read 12, *)-r=a-
G171 (2, '5 rs.T.d
0172 er.d if
017 2 read (2, ») s:::
C 1” 4 : r

017 S c
Cl 77 z Establish r.a.T.e =

— * * :a -
G1'2 if { ( (iuhf lT=7e= . 2 .  1st*aI-.s^ .'Cr . — ___ . _____

i‘!: ■ iifsrflag . eq . - . ar.i. is tai. eq . ̂  j ; . £.r.~ . 
— ■ v i i •, -her.

013 2
01S 5 2~ -rice Inter r.a.T.e z: m e  resells file'
C134

if {irji:.eq.j
■; j —  j -1
5 5' ~st o 225

C13 9

er.d if 

wrlie{*,’; _
013 2 2 write iT, M  1 Medel Structure Incut'
G12C *) ’ ---

write ')
0122 511 -.'ri-.e!',’) ' Inter nurtber cf a cara-eiers (r.ax. 205 i integer] ‘

C124 if (r.^T.a.gc.30)
; r. u m 2 
goto 311

0195 912 write (’, ’) ' Er.ter nurr.ber cf b parameters (“ax. 3 0  (integer]1
0196 read(*, 5,err»812)numb
0197 if {r.ur.a .gt. 30) goto 812
0198 813 write (*,*) ' Enter modei lag ir. multiples cf model interval
0199 # I integer] 1
0200 read(*,5,err-813)lag
0201 lag«lag+l
0202 write(*,*)
0203 do 135 i-1,501
0204 impin(i)=0 .0
0205 135 cont inue
0206 impin (1) -1.0
0207 c
0208 call rangen(num calc,random)
0209 i f (iscat.eq.2) then
0210 cal1 det suh(msl,sl085,urban,rsmd,fsr_lag,
0211 I tp,qp,tb,n h ord,h ord,cntarea)

--- ------- ---- ------ — _____. --- -- -------------------- ------------------

- -





C001
0002
0003
0004
0005
0006 
0007 
COOS 
0009 
CC1C 
GO 11 
0012 
0013

c
c -
c
c
c
c
c
c
c

subroutine to open input dataf il<

subroutine cpenfile{ioflag,icuit)

character*40 abstfile 
characterWA 0 cutputfile

0014 c
0015 logical exist!
0016 c
0017 10 for-at(a40}
3013
:oi = if ■ ioflag .eg. 15 then
”020 read I’,10)aostfile
::2i 25 inguire ::iie-abst f ile,exist-exist1)
0 : 2 2 if (.r.ct.ex iatl) then
0023 write r,
0024 write {*, w) ’ File doe* not exist'
0025 write { ' ,

, --- 3 t
002 6 writef*, *) ' ::.e;< filer.a-.e and re-enter'
0027 write ! *)' OR'
0023 write *)' itcp prrgra- by entering a zero
002? read (*, 10)abstfile
:c3: if {abst file .eg. 1 0 ' i ther.
2031 iguit = 959
0032 99
0033 er.c if
003 4 goto 25
0 023 end if
0036 open (-jr.it-2,file«abstfile,status*'eld' )
0037 write ( * )
0033 end if
0 3-3 9-- 
:c4c
00 41

--- if- (itf lac^eo.
read ; l'*-J c 

2 £ S ir. ou i

2 ) m e n

re t file*:utput file,exist=exist15
0 0-2 if ' .r.ct.ex istl} goto 25
~ ~ z ~ writef,
. ̂ ~ write (-, ') 1 rile already exists'

write (»,')‘ IITHZS, '
00 4 € write (*,*}• Enter another filer.i.r.e 1
00 47 write (',M  ’ CR*
C 0 4 3 write C','! ’ Step prograrr. by entering a ;er:
004 9 read (T,10i output file
0 050 if {output file.eg.'O'! then
005 1 iguit=939
0052 goto =3
CCS 3 end if
00 = 4 ccts 26c
0C53 2 6 ope p. ('j r. 1 1  -1,status*'new',file = sutput f ile)
0056 write <*,*)
0057 end i f
0058 c
0059 c
0060 99 return
0061 end



i

0001
0002
0003
0004
0005
0006 
0007 
0006 
0005 
0010 
0011 
0012 
0012 
0014 
DC 15 
0016

CO 12 
CO19 
002 Z 

0021 
0022 
0 023
0024
0025 
002 5 
0027 
002 8 
002 5

subroutine to determine synthetic uric, hycrograph

subroutine det_sun(nsi,s!085,urban,rsnd,fs: 
# tp, cp, tb, n_suh_ord, suh__

dimension suh_ord(101) 
real rr.sl

if (:sr_lag.It.0.1) then
tp« {46.6* (sislw WG . 14 ) ) « {1.0/slCS5” C .i 

? { I f  ( (1.Durban) ” 1.9?) ) * (1/rs:
else

tp- 0 . 9’fsr_iaa

qp=* (220 . 0 /tp) * (cr.tarea/100 .0)'0 .1 
tb-2•5 2 * t p

suh_srdf1)=0.0

”_a’-r._ord-ir.z (tb) 
do 34 i-1, ir.t dpi

suh_ord (i-1)=iTtanl 
3 4 continue

do 15 i-int (tp) -lr (tb)
sur._oro (i-1) = ( ir.t (tb) - i) Ttar.2

_lag, 
ora, c.T.tarea)

:S) *
*" '" 'yj <4)

0C35
0035
0037
0039 

.003.9
0040
' J u  ^  .
*•342

t=-3-suh_crd(i}/int (tb)
Lc 3c ;-i, 10 0

suh_ard{ j)*= (int (tb)- ( j-i)) T - a r. 3 
suh_ord(jrl)=suh_ord(j)/1.2 

:cr.t ir.ue



0001 c
0002 c
0003 c
0004 c subroutine to p z '

0005 c
0006 c
0007 subroutine ranger, (n, x)
0008 c
CCC9 dir.ensicr. x(r.)
0010 c
c o n ixx=10CCl
0312 m=5GCG CO
0013 c-<
0314 c
0315 do 5 1=1, r.
0016 y-c T ixx/r.
0017 ixx- (y-ir.t (y) 5 *r.
cais x < i)=real! ixx)/real
3319 c continue
3C2C c
C 2 2 1 rsturr.
0C22



0CC1 c
0002 c
0003 c
0004 c
UUUD c
0006 
r> n n h

c subroutine to recinvolute random (input) data with uh
UUU f c
0CC8 c
COCS subrsu t ir.e uhsiT.u (n, rain, fore,h-atrix)
0010 c
oo:: di-er.sicr. rair. (501) , flow (501) , fore(501)
C012 ci-er.s ion h-atrix (101) , rr.airix { 600, 100)
0012 c
CC14 c set ar ray ele.-er.ts to zsr:
CCIS c
0016 dc 21 i-1,600
0017 dc 22 j-1.100
0 01B r~atrix(i,j)-0.0
0019 22 c~- t i r.'j e
0 0 2 0 21 ccr.t ir.ue
0021 c
- 02 2 c .cic r
0023 c
Oo 2 4 a: 23 j -1, -
0025 dc 24 i = ;, (r.-1) r j
002 6 rr.atrix ( L , j.} «rair. (i- l j-1 J )
0 027 24 c=r r.: rue
w ̂  ̂ 3 2 3 ,---- _•;e
0029 c
'J V .3 V = ~erfsrrr. ccr.vciui i c r. bv 1 -i- licatisr. c f .t.s z rices

=
C-32 te.-p-j . c
::33 a: 25 i-1, r.---l
2 C 3 4 dc  ̂Q j ml> t T.

r. j 5 :e-r*:er:- (h.-atr ix ( j ) ’rr.£:;:x (i, j ; J
C 0 j 6 - r ___, t i r.ue
0037 <■ - .e (i)-temp
003 S ■ er:p«C . C
■0 0 2 ? 2 5 cor.tir:ue
0 04 0 c
0 041 ret-rr
0 0 42 er.d



0001 c
0002 c
0003 c - - _
0004 c
0005 c ----------------------------------------------------------------------
0006 c subroutine to calculate tfrr. parameters fr=r, the io data
0CC7 c ----------------------------------------------------------------------
0C08 c
000 9 subroutine least In, rain, flow, nu~a. r.uri, lag, a, b)
001C c
0011 real a (50) , r (C : 5 0  , kt (50) , ?t (80. SO)
0012 real c t (80), p x {S G),xp (SG),xt (8G)
CO13 real flew(5 Cl),rain(501),flow! (501)
litii c
GG15 c b(i) :re- lag (C,1,2, . .) to r.b (0,1, 2, . .)
0016 c

GC55 c give xt (i^l) values
005 c c
0057 do 16 i«*l, nu.T.p
0058 xt (i)-0.0
0059 16 continue
0060 do 17 i-l,nu~ia
0061 kk-nt-i+1
0062 if (kk.ge.l) xtU)-flowl(kk)
0063 17 continue
0064 c
0065 do 18 i-iag,nb
0066 ii=i-lag+numa+l
0067 - -  kk- n t - i +1
0068 if (kk.ge.l) x t (ii)*rain{kkT
0069 16 continue
0070 c
0071 c compute kt (i + 1)
0072 c



0073 c f i r s t ,  [ p ] * [xj
0074 c
0075 co 19 i = l , r.uir.p
0076 a« 0 .0

0077 do 21 j “ l ,  nuir.p
0078 s - s - ? t ( i , j ) * x c
0079 21 c s n t i r . u e
0080 px ( i ) - s
0081 19 c c n t  ir .ue
0C82 c
CC83 c seccr .c ,  {xj » ( [pi  . [x] )
0084 c
0065 s = 0 .0
oc36 do 22 i « l , r.u-p
0057 s « s - x i ( i ) ' p x ( i )
0088 22 ccr . t  ir .ue
00 3 9 s = 1 . C /  {1 . -  s i
0 0 9 0 c
0 051 c z'r.izz, [pi  T \x\ / r . u r i e r
00 92 c
00 53 da 23 i  ■ 1, r.urr.p
0 0 9 ■? <- { i ) “ ?x !i ; *3

" G = = 2 2
CC96
OC 57 c c e :  c i ( i - 1 ) p a r a m e t e r  e
CC 93 c
n G 9 ̂ 5  =  J m -
010 G dc 24 i - 1 ,  r.-j.T.p
0101 s = s - x - : i j Tc i ( i )
G102 24 ccr . : i r . - je
0103 s s - s - : 1c ~ l {n - —1 )
G 1C 4 c
2135 dz 25 - = 1 , ru~=
0126 c ;  ( i ) {i }- s s ’ s :
CIO 7 2 € csr . t  i r .ue
CIOS c
0109 c u p a a i e  p t  ( i - I )  v a l u e s
o n e c
0111 dz 27 i  = 1 , r.u-p
r* * * 5 = ' *̂,1* - — -
"0113 ~ " 28 z-m -' r.urr.p
3114 S=E-XI( J ) ' p i ( j
0115 “ 3 cc r . i i r . ue
Z 115 xp i i ‘‘ “ S
w.” X — *
0113 dc 2 ? i  = 1 , r .u-c
0115 dc 21 , r.u~~
0120 p i  =pi*; i ,  j
■0121 21 ; : r . i  ir .ue
0122 Z 5 c s r . i i r . ue
0122

0124 10 0 c c r . i i r . ue
G125 c
0126 c
0127 c change i r . t c  a ( i ) , b ( i )
0128 c
0129 dc 32 i - 1 , r . uma
0130 a ( i ) - c t ( i )
0131 32 c c n l i n u e
0132 do 32 i = l a c , r . b
0133 V k * i - l a g f n u m a +1

0134 b ( i ) - c t U k )
0135 33 co n t  i n ue
0136 c
0137 r e t u r n
0138 end

:.2 : s s

-  Ii> 'x



i

0001 c
0002 c
0003 c
0004 c  - -  — - -
0005 c
0006 c s u b r o u t i n e  t a  c a r . p u t e  t p  an d qp o f  t f rn  and uh 1 s
uuu / c
0008 c
0009 s u b r o u t i n e  r e s p _ a a t ( h _ o r d , i _ r e s p , u ! r. tp, . u h q p , t  f  r . tp, t  f.T.qp)
0010 c
0011 d i - e r . s i o r .  h _o rd < 10 i )
0012 r e a l  i _ r e  s p ( 101 )
0012 i r . t e c e r  uh -p ,  - f - t p
GO 14 c
0015 uhtp*Q
0016 uh qp = 0 .Z
C C17 - f -'-=0

c c i s i  5t.c?-C . :
c

CO 20 da 21 1*1,50
CO 21 i f  ( i  r e s = ( i )  .=z.z £?.=?) t h  er.
2 Z 22 " :~q_p“ i r e s p  ( i !
3 021 t : - r = « i
CC24 er.d i f
Z C c i f  {h c r d ( i )  . c t  . ur.;r=) “her.
CC26 uh cp -h  a r d j i )
202"! u h r p - i
Z 223 er.d i f
w ̂  ̂  - 21 c:r.* ir .ue
C C 3 C =

r e t u r r .
C C “ ~ er.d



0001 c
0002 c
0003 c
0G04
0005
0006

c
c
c s u b r o u t i n e  co r e c o n v o l u c e  random number s  wi t h  t f m

0007 c
0008 c
OuC’9 s u b r o u t i n e  cfsi : r .u (nuna,  r.u:r.b, l a g ,  a ,  b,  r.u- c a l c ,  r a i rv, f o r e )
0010 c
0C11 r e a i  r a i n ( 5 C l )  , f l ow  (SOI) , a { = •}), b <0 :50)
0012 r e a l  a f  ( 5 0 ) , b r ( 0 : 5 0 ) , f o r e  (501)
0012 c
GDI 4 r.b - r . u r i -  l a c -1

C015 c
0016 do 21 i - I , r . u r i _ c a l c
0017 f s r e ( i ) - : . :
CC18 t. - zz r.* i r .ue
0019 c
u u do ICO n - * l ,
C C*21 c
" 2 2 c - r ar.s f  e r  r a i r .  » f l ow  daza  i r . t : r.ode 1 v a :  Lab l e s
;  322 c
: : 2 4 do 5 i  = l ,  r.'JT.a
0025 a f ( i ) - : . :
ZZ2S < -  n i  - i.
ZZ21 i f  ( x k . s e . 1} * f ( i ) - ;  = re!*JO
C 0 2 2 c cor.” ir .ue
CC2 9 do 7 i  = l a c ,  r.b
CG20 b r  ( i l -0 .C
222'. n’f.=-z-i

ZZ22 i f  {jtk . =e . 1 ) b r  t i i  = rai .~. ! a!<)
CC22 7 cor.- i r . - e
0024 c
/ ' " i : c zz .T.rjte ~ode i
0 03 6 c
0037 t -C.O
C02S do 3 i * l , r.urr.a
C239 i i : T a f  ! i )
C04C 3
- j  4 ^ a= .5 i=Oa?,  nb
.   ̂ t - - ' - b i l )  ”b r  {i)
: : 4 2 9
Z C 4 4 o
ZZL 5 f - r e  (r.z) - -
ZZ-.i c
0 <-■ 4 • 11 cc r . .  ir.ue
: : 4 S c
w w 3? re11 -  rn
: - : s : e r ,c



f

GOOi c
0002 c
0003 c
0004 c
0005 c ------------------------------------------------------------------------------------------------------
0006 c s u b r o u t i n e  t o  c a l c u l a t e  e r r o r
00C7 c ------------------------------------------------------------------------------------------------------
0008 c
0009 sub r o u t  i r . e  e r r o r  (r., x l , y l ,  x2 , y2 , rm.se I ,  rrr.se 2 )
0010  c
0011  d im e n s i o n  x l  Ir.) , y l  (r.) , x2 (101 ) , y2 ( 101)
C312 r e a l  mse l , . r . s e2

C013 c
0314 c e r r o r  be tween  r e c o r . v c l u t i o n  c f  rar .com c a t s  by  OK and TFX 
C “* c ~
0016 suml-C.O

0012 s e l  -  ( x l  ( i )  - y l  ( i ) )  M x l  ( i )  -  y l  ( i )  5 
CC19 suml* sum l - s e 1
CC2C 6 c o n t i n u e
0021 m s e l - s u m l / f l o a t ( n )
C C 22 r m s e l * s c r t ! m s e l )
C 0 2 2 c
0024 c e r r o r  be t we en  o r d i n a t e s  o f  - H a r c  TFM 
0325 c
0 0 2 S sum2 “ C .0

Z 327 do 7 i * l , ” C
Z Z 2 3 se2 * (' x2 i i ) - y 2 ( i ) ) w (x2 ! i  i - y2 ( i ) j
002 9 s u m 2 = s u m2 - s e 2
0020 7 c o n t i n u e
0 0 21 mse2*sum.2 /10  0 . 0
0022 rmse2» s c r t  i 'mse2 )
CC32 c
0 02 4 r e t u r n



CO CI 
0002
0003
0004
0005 
0CC6 
0007 
OOOS 
0009 
COiC
con 
0012 
0 2 1 2  
OG14 
G G15 
G G16 
GG L7 
CGI 3
c :is  
2222 
GC21 
CD22 
” 22 
GG24 
GG25 
G G2 £ 

*
G G 2 3 
CG29 
CC2G 
: ~ 21 
C022 
G G 2 2 
G "24 
GC25 
GG26 
GG27 
CO 2 3

CC4G 
G G 41
,  u

:■ G 4 2 
GG44 
G G 45 
GG-€
v ̂ «
G C 4 S 
G C 4 5 
GG5G 
GGal 
2212 
2 25 * 
CC54 
0 0 = = 
0056 
COa 7 
0C58
0059
0060 
0061 
0062
0063
0064
0065
0066
0067
0068 
0063
0070
0071
0072

s u b r c u t  ir .e t o  draw >jh ar.d t f m  im pu l s e  response

subrcLi t  ir .e drawirr.p ( i d e v i c e , t f _ i r . p ,  h _a rd ,  l a g ,  i r . t ,  r.-rr.a, n u r i )

r e a l  t f_i : r .p {101) , h _ a r d  ( 101 ) 
r e a l  i - a - a x

w : ; : e  (*, -> 
w r i t e  (*, "■} 
w r i t e  ( * , M • 
w r i t e
w r i t e  i*, *) ' 
w r i t s ! 1 , 
w r i t e ■*,*5

' l e a s e  w a i t  -  p r e p a r i ”  g r a p h

t - p ~ a x = . . G
CO £- .  t  = .  , .  u

i f  ' t  f  _ i - p  ( i ! . g t . i - p - a x ) i ~ p ~ a x = t  f_i . -p  {I ) 
i f  (r._c rd  ! i ; . g t  . i r p r . ax)  i r - p - ax=h_a rd  ( i  ) 

zzr.z ir .ue 
- l a g = l a g - l

i f  ( i d e v i c e •sq 1) c a l l g r a u t e  ■ 5 =l e a t - g p x ; e x i t 1 ■
■If f i d e v - c e .eq 2■ a = l l g r a ^ t e  { se l e a t ~ x l  1 ; e x i t '}
■f ' . eq 2: C i l l se . s c : - r s g i  s ; e x i t  ‘
i f  ( i d e v i c e • 4! c a l l g r a u t e { se l e a t Ivg a ; e x i t 1)

: . eq c a l l g r a u t e  ! se l e a t rrhpg I ; e x i t  1)
i f  ; i d e v i c e . eq £i c a l l g r c u z e { se l e a t g l ; 2 5 C ; e x i t 1
c a l l gaper.

c a l l g r p s i z (xd y d i —)
xdf= Kz.-I~Z?4 * m1 __ .

_
. - _ -

. - _ i — ~v"irr./ ? . S

x : r  =2 G . G ’ x a
y a r = *« z

xe r. d=1 :G . C* xdf
yer.d =12 g . yd f
xis r . = (xer .d- :<:r
y 1 e r.-  ■ yer.d- yc r

x i  r. a . . .
. G)

y i  r. c = -v l e r . / ( I . ‘  - T irr.pT.axj }

Draw - - — . i - p u l s e r e sp a r . s e ar. d (s) r d i r . a t e s

c a l l a v e c t  {xor *yc r  f G)
c a l l  c w i c a l ( G .2. 5) 
co 10 i » l , I C C

c a l l  g v e c t  ( x o r -  { {i - 1 ) w x i  n c ) , y c r -  {t  f ^ i r .p  { i ) "yir.c) , 1 ) 
10 co r.z i nue

c a 11 g v e c t ( x o r , y o r , 0 ) 
c a l l  g w i c o l {0 . 2 , 2 ) 
do 17 i = l , 99

c a l l  g v e c t ( x o r + ( ( i - 1) * x i n c ) , y o r + ( h _ o r d ( i ) *yinc) , 1 ) 
17 c o n t i n u e

c a l l -  g w ic o l  (0 .2, 2) - - 

c a l l  g v e c t ( x o r , y o r ,  0 ) 
c a l l  g v e c t ( x e n d , y o r , 1 ) 
c a l l  g v e c t  { x o r , y o r , 0 ) 
c a l l  g v e c t ( x o r , y e n d ,  1 )

La be l  axe s



CC73 c
0074 c a l l  g c h a r c (3)
0075 go 11 i - 0 , 5
0076 c a l l  gnumb( i * 2 0 . 0 * i n t .
0077 # x o r + ( x l e n * ( i / 5 . 0 ) ) - 2  . 5 , ( y o r - 7 .0) 3 . 0 , 1 )
0078 n ccnt . i r .ue
0079 do 12 1 - 0 , 4
008C c a l l  gnurrb ( { 1 .05*i.T.p:r.ax) M i / 4 . 0 )  ,
0CS1 # ( x c r - 1 3 . 0) , y c r+  {yien* ( i / 4 . 0 ) ) - 2 rt , 3 ■. C, 2)
CC32 12 c o n t i n u e
C083 c
0084 c L ab e l  ax e s  and add z i t i e
0385 c
■GOB 6- c a l l -  g c h a r  a (9C)
0337 c a l l  g c h a r  {T'JH o r d i n a t e s  / 7FM I —p u l s e  R e s p o n s e s ' ,
0233 # I I . 3 * x d f , 3C . O’ yd f j  3 . 5 )
0335 o a l l  g c h a r  {’ l i r . e  { h o u r s ; s ' . S 3 . 3 ' x d f , 10 . 3 * y d f , 3.5)

c a l l  gc h a rc {2 )
C2 51 c a l l  g o h a r  < 1VH o r d i n a t e s S  ' , 12 3 . C*x d f , 1 3 3 . 3 ' y d f , 2 . 5 ;
■::92 c a l l  gcharo<5)
C 2 53 o a l l  " i r . a :  ! 1 7FM i - p u l s e  r e s pc r . s e S ' ,  1 2 2 . 2 ’ x d f ,  5: . 3 - yd = , 3 . 5 )
3354 c a l l  g c h a r c  3}
3392 c a l l  g o h a r ( 'M o d e l  s t r u c t u r e = £ ' ,  12* . 3*xd f,  35 ,3-*yd£ , 3 • ■2)
r n t ; c a l l  gnurho ( f l o a t  Jnu~a! , 155 . Q’ x d f , S 5 . 3 * y d f , 3 . 3 , 3 )
3 057 c a l l  gr.ur-b ( f l o a t  !r . u r ^ ) , 16 6 . 0 ’ x d f , 3 5 . D*ydf , 3 . 2 , 3 )
0 G 5 3 c a l l  gnurJo f f  l o a t  ( n l ag )  , 177 . C * x d f , 3 5 . 0 * y d f , 2 . 3 , 3 )
GG55 c
::oc- c i f  {i d e v i o e . e q .4) "her.
0131 c o a l l  q 1 j 2 5 c"
3132 c end i f

c
: :C4 o a l l  g c h a r c  (2)
0135 o a l l  g c h a r  {' R e t u r n  t o  oor.t i r . u e 5 ' ,  3 . 3, 3 .55  ’ ydir . ,  5 . 2;
0135 re ad  (*,*)
3137 c a l l  g c l o s e
3138 do 23 i - 1 , 24
3139 w r i t e ( - , * )
Cl 1-3 23 c o n t i n u e

— — — c
3112 r e t u r n
** * t er.d



f

0C01
0002
0003
0004
0005 
00C6 
0007 
0003
0009
0010 
0CI1 
0012 
GO 13 
0014 
CC15 
CO IS

GG2 G

- « £ < 
GC23 
CG29 
0 C 3 G 

_

0 C 2 2 
0 C 2 2 
CC2 *•

U U w c
0037 
CG38 
003 r

s u b r o u t i n e  f o r  o u t c u t  o c t  i o n s

ie c u t  o p t ( c l , o 2 , o 3 , i d e v i c e , i i d e v i c e )

c h a r a c t e r wi  c : , o2 , : j  
in te g e r^  ccr.u-

c fcrrr.at  s : a : e . - . er.z s f o r  r e a d i n g  ir. c a t a

43 fcr~at (all

c E s t a b l i s h  d e v i c e  r .a - e  f c r  g r a p h i c s  cu t pu :  
c

w rits ( ',  
w r i t e  
w rits (w. 
w r i t e  C ,
- r i : e ! T, 
w r i t e (*, 
w r i t e (*, 
w r i t e ( T,

}
)
)
) ’ 1.  R e s u l t s  o u t p u t  f i l e  
! ‘ 2. R e s u l t s  s u r - . a ry  t c  s c r e e n  
} ‘ 3.  S r a c h i c s :  r . : r . s,  cr, s c r e e n ,

(Y/r.i ’ 
(Y/r.) 1 
(r./S.’s) 1

w r i t e ( T,
w r i t e ! * , T) ' T~ ch an ce  a d e f a u l t  s e t t i n g  e n t e r  i n t e g e r  

? c o r r e s p o n d i n g  t c  t h e  s e t t i n g  t c  1 
w r i t s ! ’ , *; ' be changed ,  p r e s s  r e t u r n  5c e y  and e r . t a r  y / r . / s / p

* as  a p p r o p r i a t e '  
w r i t e t * , M
w r i t e  {r , w) ' [Type a z e r o  (C) t o  e x i t ; '  

r e ad  ( ’ , 3 c . e r r * 2 c  j sc r . u-

• T i t e  ir , 'i

004: 

GG <55
0 0*1 * 
C-4S 
0G4? 
CG5G
"i fy ; ■
CC-Z2
0053

C2z5

0056
0057 
0053 
COS 9 
006C 
0061 
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072

10

i f  fo snu r . -e c  . G } t h en

e l s e  i f  ( cc r.ur.. e q . 1) t h e n  
r e a d ( * , 4 5 ) c 1
i f  ( c l . e q . ’y ' . o r . c 3 . e q . ' Y’ ) c l - 1Y' 
i f  ( c l . e c .  1 r . 1 . o r . c3 . e q .  ' N ‘ ) c l - ' N '  

e l s e  i f  ( c c r . u~. ec .21  t h e n

i f  (o2 . e c . ' y ' . o r . c 2 . e q . ' Y' )  c 2 * ' Y' 
i f  ( c 2 . e q . ' n ‘ . o r . o 2 . e q . ' N ' ) o 2 - ' N '  

e l s e
i f  { i i d e v i c e . c t .3)  t h e n  

w r i t e f * , * ) ’ Canno t  t o g g l e  g r a p h i c a l  o u tp u t  d e v i c e '  
g o t o  5 

end i  f
r e a d { * , 4 5 ) o3 

i f  ( o 3 . e q . ' p ‘ . o r . o 3 . e q . '  P '} t h e n  
o3«*P'  
i d e v i c e - 5

e l s e  if (o3 . e q . ' s 1.or.o3. e q . 'S ' )  t h e n
o 3 ■' S '

e l s e  I f  {o3 . e q . ‘n ’ . o r . o 3 . e q . ’N’ ) t h e n  
o 3 « ' N 1

i d e v i c e = i i d e v i c e
e l s e

w r i t e (*,  * ) '  E n t e r  a g a i n :  p, s o r  n 1



0073
0074
0075 end
C076 c
0077 wrii
0078 gets
0079 c
00 9 C 15 cam
r> r. q ■» ret:
0082 end



I

0001 c
0CQ2 c
0003 c
0 00 4 c
0005 c
0006 c -----------------------------------------------------------------
0007 c subroutine fcr writing ou:p-jt
0008 c -----------------------------------------------------------------
•j C 0 9 c
001C S u b r o u t i n e  o u t _ r e s  (o c s e t  1, c o s e t 2 , t  f r . t p ,  t f r . c p ,  uh tp ,  uhqp ,
0011 * h _ c r d ,  r ._h_crd,  i r . t ,  r .ur .a, r . u r i , a,  b ,  l a g ,
0012 * r r . se  1, r r . s e2 ,  sp r o ,

* c_r.ar., g g _ c = d e ,  g_r.gr, cr.tarea, icut )• 1 *

- C15 d ir.er. s i  cr. a (51 ) , b {C-: 5 0) , r._c r c  (111)
0C* IS c h a r a c t e r * !  c c s e t l , c c s e t 2
CC17 c h a r a c z e r ” - -  g_rar . ,  g_r.ur.. g_ccde ,  g_r .gr
0C1S i n t e g e r  t f .T. t p ,uh tp

j *
Z Z 2 S

=(i)-b(i}-{s=r=/I03.:) 
su rb*  s u r b  ~b ( i  I

su r a*  sur.a ~ a ( i ) 
c c n t  i nu e
ea ir.® ( ! s u r i  ) / (L . 3 -  s u r a  ) ! * ■ {0.3c* ( f  1 e a t  {i r . t  i * 6 C . 3) ) / cr. t  a r e a  i

i f  ( c c s e t 2 . e e . ' : ' )  t h e n

\JU30
0027 
3038 
332 9 
:c4:

cu: . '

C 0 5 3 
0056 
C057
0058
0059
0060 
0061 
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072

w r i t e  i * 
w r i t e  {* 
write (*

w r i t e  (* 
w r i t e  (w 
w r i t s  !* 
w r i t e  ; * 
w r i t e  
f c m a :  !

w r i t e  {*

) 1 — ------------------ RESULTS

)
j '  E s t i r . a t e d _ t r a r . s f s r  f u n c t i e r .  r . cde l  
\ i __________ ..._____________________ .
j ) r.ur.a, r.ur_e, _ az~ _

i2 }
i.) i  r. -

I n t e r v a l  = ' ,  i  1, 1 h c u r s ' i  
' ?ari.T.eter:: *

■I, r.ur.a 
w r i t e { * ,2 41 i , a {i ;

24 f c r r a t f ’ a , , i 2 , ' i  -  \ f ~ . 4 )
21 c c n t i n u e

dc 5C i  = l ag ,  r . u r j : - l - l a g  
w r i t e  i , :  | i ;

25 : e r r a t  ! ' b i ' , i 2 , ‘ ) -  ' ,  f  “ . 4 i 
62 c e n t  ir .ue

w r i t e {*,*)
i f  (suina -ce  . 1 . 0 )  t h e n

w r i t e  ( * , * ) '  WARNING : P o t e n t i a l l y  u n s t a b l e  r . c d e i ' 
w r i t e {*, ") 

end i f
w r i t e ( * , 1 4 )g a i n * 1 0 0 .0

14 f o r m a t ( 1 Model p e r c e n t a g e  r u n o f f  = 1 , f 5 . 2 , ' % ' )  
w r i t e ( * , 1 5 ) s p r o

15 f o r m a t ( '  Ca t chmen t  p e r c e n t a g e  r u n o f f  * 1, f 5 . 2 ,  '% ' )  
w r i t e (*,  *)
wr i t e ( * , 2 6 ) rm se l

26 f o r m a t ( '  RMSE be tween  UH and TFM r e c o n v o l u t i o n s
# = \  f7.3)

wr i t e  {",  37) rrr.se2
37 f o r m a t ( 1 RMSE be tween  UH o r d i n a t e s  and  TFM im p u l se  r e s p o n s e

# = ' ,  f  7 .3)  
w r i t e {*, *) 
w r i t e ( * , 2 8 ) uhqp



t

0073
0074
0075
0076
0077
0078
0079
0080 
5382 
C C 8 2 
0083 
CC84 
CO 8 5 
CC86 
CC37 
0C8S 
00B9
0090
0091

CC 56 
CC57 
C 0 5S 
C 0 9 9 
0100

0102
'1'J

J C
.07 
C3 
05 
10

*  c 
27 

L29
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
U A 1 A
0142
0143
0144

28 f o r m a t {' UH pea k  f l ow  
w r i t e ( * , 3 0 ) t fmqp

30 f o r m a t ( '  TF p e a k . f l o w  
w r i t e  ( * , 2 7 ) u h t p

27 f o r n a t C  UH t i n e  t o  peak  
wr i t e  e ,  29) t f m t p

29 f o r m a t e  TF t i m e  t o  peak  
w r i t e  ( T, M
w r i t e ( » , - )
w r i t e  ( * , M ' ------------------------

*-------------------------- '
end  i f

i f  ( c o s e t l  . e q .  1Y' )  ther .  
i f  ( i o u t . eq . 2) the?,  

w r i t e (I,')

' , f  5 . 1 ,  1 cumecs *)

• ,-f5 . 1,-'  cumecs ' ) '  

\  i 2 .  ' h o u r s ' )

1, i 2 ,  1 h o u r s  1)

w r i t e (1 
w r i t e (1

w r i t e (1

w r i t e  (1 
w r i t e  (1 
w r i t e  t l  
f o rma t  t 
w r  i  t  e (1 
format( 
w r i t e  <1 
f o r m a t ( 
w r i t e (1 
fo rma t  t 
w r i t e  {1 

. f o r m a c l  
w r i t e  (1 
w r i t e  (1

’ )

1 , BIV)

*, a*i C) 

a4C)

* ,iiC)

' ,  f 6.2)

write
.1 w s

write
w r i t e

124
150

125
160

151

= j g_r.am 
' R i v e r  r.ar.e 

7) c_r.um 
1 Gauge r.ame 

2 ) c_ cc d e  
1 Gauge cede  

9 ) g _ - g r '
' G r id  r e f e r e n c e  

1C)cm t a r ea  
1 .Ca tchment  a r e a  i sq  kmj 

')
*; * A d j u s t e d  h y d r o g r a p h  o r d i r . a t e s  

* ( i . e .  1mm/ zzz  c a t c hm en t  a r e a )  :*
wr ite_( 1, : : j  ; h_o rd  !.D , 1 =1 ,  r.-r._-=rdV-------------------
i  - r ~ a t  13 ( z 1 . l. ) ) 

er.c i f
: i , ')

f e r r e t  ( ’ Sur. number ' , il) 

w )

1, ' )  ‘ E s t i m a t e d  t r a n s f e r  f u n c t i o n  mc -e i  1
1, -) 1 ------------------------------------------------ ‘

;1, 122) r.uma, numb, l a c - 1

w r i t e  I I ,  122) i r . t
f c r m a t  * 1 I n t e r v a l  * 

w r  i  t  e {1, *! ‘ P a r a m e t e r s :  ‘ 
do 150 i - 1 ,  r.uma 

w r i t e ( 1 , 1 2 4 ) i ,  a ( i )
f o r m a t ( 1 a ( 1,12, 1) 

c o n t i n u e  
do 160 i « l a g ,  numb-1-f lag 

w r i t e ( 1 , 1 2 5 ) i , b ( i )
f o r m a t  ( 1 b ( ' ,  i 2 , ' )  

c o n t i n u e  
w r i t e (1, *)
i f  ( s u m a . g e .1.0) t h e n

w r i t e ( l #* ) '  WARNING : P o t e n t i a l l y  u n s t a b l e  m od e l '  
w r i t e  ( 1 , *)  

end i f
w r i t e  (1,  •) ___ ___ _
w r i t e ( 1 , 1 4 1 ! g a i n * 100 .0

f o r m a t {' Mouel p e r c e n t a g e  ru n w f f  -  ' , f 5 . 2 ,  ' » ' )
w r i t e (1,151)s p r o

fo r m a t  (* Ca t chment  p e r c e n t a g e  r u n o f f  -  ' . f S ^ , 1* ' )  
w r i t e  ( 1 , * )

, f 7 . 4 )

\ f 7 . 4 )



i

0145 wr i t e  ( 1 , « )
0146 wr i t e  <1,*) ' E r r o r  S t a t i s t i e s '
0147 wr i t e (1,  •) ' ----------------------------------- i

CDO

. .  wr i t e  <1,126) r r . s e  1 - -  ■
0149 126 for.T.at ( '  RMSE be tween  UH and TFM r econvo
015C t  - f ~ . 3 )
0151 wr i t e  ( 1 , 137 ) r r . s e  2
0152 137 fo r ma t { 1 RMSI be t w een  UH ord i n a t e s and !;
0153 # - ' ,  f  7 . 3 )
0154 wr i t e (1 , « )
C155 w r i t e \ 1 , *> ' Model r e s p c r . s e  s t a t i s t i c s '
r> i e. z wr i

— \ — t /
0157 wr i t e  { 1 , 12S) uhqp
015 = 123 i z — ;a: t ' JH peak  f l ew - ’ , : 6. i . , ' c-j-e

GI6C 13 C
w r —I*)

( '  77 peak  f l ew s i , i 5. 2, ' cu.-.e
Cl 61 wr i t e  {1, 127) u'r.tp
S1 : . 12 7 f ; r r .a ' ■' 'JH l i r e  : :  pea'< m i , 12, r hours  '

01 £4 12?
. . S t . )  - w ^ /

f e r r . a t ( 1 TT t i r . e  : :  p eak = ' 9 i 2 , * h :u r s  1
Cl 15 wr i  * e {1, ’ !
Cl 66 wr i t e ! 1 , T) '
C' 6 7 ,

01 £0 w; i t e { I .')
0169 w r i t e { l ,  M
C17 C er.d
Z - > — c
C172 iz ' ( o c s e t  1 . e q . "i') i c u t = i = u t * l
Cl 73 c
w x r ^

r.se

er.c



Appendix 2a: Example input PatafiieJL

T h i s  i s  uh d a t a f i l e  f c r  Wi l l o w  3 r o o k ,  £C7KERINGKAY
O r d i n a t e s  frorr. IH R e p o r t  " F l o o d  H y d r o lo g y  o f  t h e  R i v e r  Nene,  1981

W i l l ow  Brcck  
F07KERINGHAY 
32002 
TLO£7533
B9.62 ! c a t c h “ er . t  a r e a
1 ! t i . - .e  i n t e r v a l  o f  UK c r d i r . a t e s  i r .  r.c’j r s
IC.C : t h i s  i s  d e p t h  o f  uh i e  1 C,t_t.
I C C . 3 ' uh n o r m a l i s e d  f o r  iO C sqk -
23.  C * ! s t a n d a r d  % ru.-.c f  f  c f  c a l i h r a t  i c r .  e v e - t s
7 0 ; r.-.T.cer c f  c r d i r . a t e s

e . se  - 1  
1 . 2=e~C
1 . ?e — 0
2 . 3£e-C
3 . Z2e-C
3 . 53e~C
4 . *7e*0
5 . L2e-C 
5 . T 2 e  - C 
€.  3e-C 
6 . 5e-C
7 . 4 e  -  0 
~ . ?” e -  C 
5.  4Se-C 
S . 97e-C 
9 . 2e -C  
5 . 35e-C

5 . 35e-C 
r . 13e-C

5 .z~e-Z 
8 . 2 ‘ e-C 
5 e - C 
7 .7 2 e  -  2 
7 . 4e-C 
7 . Z~e-Z 
(i. =3e -0  
£ .  I 2 e - C
5 . 6e -  0 
5 . 0 7 e - 0  
4 . 7e ~C 
4 . 3 e - 0 
3 . 96e»0
2 . 5e + 0
2 . 35e+0  
2 . 2 e + 0
2 .  l e  + 0 
1 .9 7e  + 0 
1 .8 5e  + 0 
1 . 75e+0  
1 .6 7 e + 0  
1 . 55e  + 0 
1 .45 e  + 0 
1 .37 e  + 0



r

1.  3e + 0
1 .25e^C  
i . 1 5 e - 0  
l . l e + O
1 . 02e+0  
9 . 7 e - l  
8 . 9 e - l  
8 . 3 e - l
7 .  Se -1  
7 .  2 e - l  
6 . 5 e - l  
S e - i
5 .  Te -1  
4 . 9 e - l  
4 . 3 e - I
4 . l e - 1
3 . “ e - l
2 . 4 e - l  
3^ — 1
2 . 3 e - l
2 . 2 e - l  
2 e - I
1.  3 e - l  
Ce-0



Appendix 2b: Example Input Datafile 2

T h i s  i s  a d a t a f i l e  c o n t a i n i n g  p h y s i c a l  c a t c h m e n t  c h a r a c t e r i s t i  
f o r  t h e  Wi l l ow  S ro o k ,  F o t h e r i r . g h a y  c a t c h m e n t .
S o u r c e :  IK R e p o r t ,  " F i c c d  H y d r o lo g y  c f  t h e  R i v e r  Nene"
W i l l o w  Brock 
FC7 KZRIN’GK AY 
32002 
T1367 933
89.  62 ! catchrr .er . t  a r e a



Appendix-2c: Example Input Datafile 3

uH D a t a f i l e  f o r  R i v e r  Nene ,  UP7CN MILL
S o u r c e :  IH R e p o r t ,  " F l o o d  H y d r o lo g y  o f  t h e  R i v e r  Nene" ,  1981

R i v e r  Ner.e 
UPTON MILL 
3 2 /2
SP721592 
2 2 2 . C

1C. Z 
'■ C 0 0

2 6 . 3
a c

4 . ? e - l
I . 2 “ e -C  
2.2 l e - ~
4 . 2 4 e -r 0 
s .2 Se -2
- _ZZa-r
s . S l e - O
1.  C € e - 1 
—. •. 4 2 e  ~ 1 
1 . 2 2  6 e - l
1 , 2 5 S e - l  
1 . 2 2 3 e - l

2 . 25e-*0
2 . 2  6 e x0
2 . C 7 e - 0
3 . 04e*0
2 . 93e  + 0 
2 . 85e  + 0 
2 . 77e+0  
2 . 6Be+0 
2 . 61e+0

- 2 . 5 2 e + 0  _ 
2 . 39e+0  
2 . 2 7 e + 0  
2 . 1 9 e + 0
2 .  l l e + 0  
2e+0 
1 .9e+0



. 1 . 76e-!-0 
1 . 7 e -0  
1 .6e* 0  
1 .5 e  + 0 
1 . 42e + 0 
1.33e- r0 
1 . 3 e+ 0  
1 . 2 2 e + 0  
1 . 1 6 e + 0  
l . l e - 0
2 . C-2e*0 
S.. 3 e -2
3.  3 e -1  
7 . S e -2  
7 . l e - 2

6.  3 e - l  
€ . l e - 2
5 . 7 e - l
5 . 2 e -2  
4 . S e - i
4 . 4 e - l
4 . l e - 1  
4e -2
3 . 7 e - l
3 . 3 e -2
3.  4 e - l
3 .  2 e - 2
3 . l e - 2  
2 . Se -2

2 . 5 e - 2 
2 . 4 e - 2

2 . 3 e - 2  
2e -2

Ze~Z



Appendix 2d: Example Input Datafile 4

T h i s  i s  a  d a t a f i l e  c o n t a i n i n g  p h y s i c a l  c a t c h m e n t  c h a r a c t e r i s t i c s  
f o r  t h e  R i v e r  Nene ,  Upton M i l l  c a t c h m e n t .
S o u r c e :  IH R e p o r t ,  " F l o o d  H y d r o l o g y  o f  t h e  R i v e r  Nene"
R i v e r  Ner.e 
Upton M i l l  
32 /2
SP721592
2 2 3 . 0  ! c a t c h m e n t  a r e a

i n t e r v a l  o f  t r i a n g u l a r  UH i n  h o u r s  
c a t c h m e n t  l a g  ( 0 . 0  i f  unkno wn ) 
mean s t  r  e  am l e n g t h  i  r. k m 
s t r e a m  g r a d i e n t  m/km 
p r o p o r t i o n  o f  c a t c h m e n t  u r b a n i s e d  
RSMD
s t a n d a r d  % r u r . c f f

2 7 .4 1  
2.35 
0 .C06 
2 4 . 2  6



Appendix 2e: Example Input Datafile 5

T h i s  i s  uh d a t a f i l e  f o r  Belcharr .p B ro ok ,  BARDFIELD 
Wor ra lea ton  " D e r i v a t i o n  o f  UH f c r  E s s e x  Crr . t s" , 197 9

Beicharr .p E roc x  
3ARBFIELD BRIDGE 
8u7
TL84S421
58 .5 ! c a t c h ~ e r . t  a r e a
2 ! ti.T.e i n t e r v a l  c f  c r d i r . a t e s
1C •  ̂ ! t h i s  15 d e c t h  o f  uh i e  1C” .
58 .5 ! uh - o r - a l i s e d  f c r  lOOsckrr.
1 = . s : s t a r . d a r d  % r u r . c f f
48 T r . u r b e r  c f  o r d i r . a t e s

Oe -C
1. 34e -C
3. 3 1 e - :
5 . 3 6 e -  C
5 . 7Se-C
5. 5Se-C
5 . 3 2 e - 0
3 . 5 I e - 0
e. 18e-C
4 . 63e-C
4 . 15 e  -  C
•» 7e-C
3. 23e -C

■3. r ” T * ■*£ =: ■=? > 7* - - -
t. . cj  e  * :
2 . 33e^ 0
2 .  l e - C
1.  5 4 e  -  C
1 . 5 5e~2
1 .2  s e -C
1.  : 3 e - 0  
5.  c e - 1
9 . 5 e - l  
” . B e - 1 
7 e - l

5.  3 e - 1 
z . S e - 1 
5 . 5 e - 1
4 . S e  -1 
4 .  3 e - l  
3 . 9 e - l  
3 . 6 e - l
3 .  2 e - i
3 .  4 e - l  
3 . l e - 1
3 .  l e - 1  
2 . 7 e - l
2 . 5 e - l
2 .  S e - 1  
2 . 3 e - l  
2 . 2 e - l
1 . 9 e - 1 
1 . 8 e - l  
1 . 7 e - l  
1 . 6 e - l

- h o u r  s



1.  5 e - i  
1 . 4 e - l



Appendix 2f: Example Input Datafile 6

T h i s  i s  uh d a t a f i l e ' f o r  R i v e r  C o l n e ,  LEXDEN
Worm! e a r  on " D e r i v a t i o n  o f  UH f c r  E s s e x  Crr. ts",  1979

R i v e r  C o l n e
LEXDEN
816
TL9622 SI
2 3 8 . 0  ! cs t chr r .er . t  a r e a
2 ! t i rr .e i n t e r v a l  o f  rJK c r o i r . a t e s  i n  h o u r s
10.0 : t h i s  i s  d e p t h  c f  uh  i e  IO.tjt.
2 32 . 0  : uh  r . cr .T. a l i sed f c r  10Csck~
2 6 . 5  ! s t a n d a r d  % r u n o f f  o r  c a l i b r a t i o n  e ve r . t s
<?9 - u e r  o f  o r d i n a t e s

~ ■
'_a~ '

2 . 5 7 e - j
5 . c 4 e -  C

121 1
2 r S e - l
33 5 e - 1
3 ? e - l
4 4 e - l
2 — - 0 **■ * 
5 3 3 e - l
£5 2 e - 1

• i  . 63 je- r  1: -
” t ̂  tJ —
62 Se-»-l'
5"? S e -  1
f l e e - 1
4 2 S e - 1
3 1 E 0 *1
2 C1 e -1

30 — 0
7 . 74e-C

£. l  = e-G
5 . z r e -  C-
- • 7e-C
“ . 2e*C

i ; 56e*0
2 . 94e*0
2 . 62e~C
2 . 25e*0
2e + 0
1. 7e + 0
1. 39e  + 0
1. 28e+0
1. 13e + 0
8 . 8 e - l
6. 5 e - l
6. 3 e - l
e •j • 3 e - l
6e -1
4 . l e - 1
3. 3 e - l

■**» (



f

le-2 

Ce+O 
Oe + O 
Oe + O

\ ■>.. ■ . '- , " • : r£l7̂ rr?>̂ SŜ ilei<s î2i"—vv-^c,'.-.-" *. • ■/Vf’icj- - .-■



Appendix 2g: Example Input Datafile 7

T h i s  i s  a  d a t a f i l e  c o n t a i n i n g  p h y s i c a l  c a t c h m e n t  c h a r a c t e r i s t i c s  
f o r  t h e  R i v e r  S t o u r ,  K e c in g ^ o n  c a t c h m e n t .
S o u r c e :  E a s t e r n  Reg ion  
R i v e r  S t o u r  
XEDING70N 
600
TL708450
7 6 .2  ! c a t c h m e n t  a r e a

1C. 0 
35 .2

i n t e r v a l  c f  t r i a n g u l a r  UH i n  h o u r s  
l a c



Appendix 2h: Example Input Datafile 8

T h i s  i s  a d a t a f i l e  c o n t a i n i n g  p h y s i c a l  c a t c h m e n t  c h a r a c t e r i s t i c s  
f o r  t h e  R i v e r  S o m e t h i n g ,  F e l s t e d  c a t c h m e n t .
S o u r c e :  E a s t e r n  Area  
R i v e r  Che imer  
FELSTED 
822
TL670193
1.12 . 1  ! c a t c h m e n t  a r e a

1 ! i n t e r v a l  o f  t r i a n g u l a r  UH in  h o u r s
1 6 .1 1  ! l a g
3 6 . 6  ’ s t a n d a r d  % r u n o f f



Appendix 2i: Example Input Datafile

T h i s  i s  uh d a t a f i l e  f o r  Co I s  Tier w o r t h .  R i v e r  Witham 
O r d i n a t e s  fro;r. N o r t h e r n  A rea

R i v e r  Wi tham 
COLSTZP.WORTH 
3 0 /0 1  010 
SX923246
5 1 . 2  ’ c a t c h - e n t  a r e a
I I t i —e i n t e r v a l  c f  UH o r d i n a t e s  i n  h o u r s
1 , 0  : t r . i s  i s  d e p t h  c f  u h  i e  ICt -.
5 1 . 2  ' uh r . c r r r . a l i s e d  f c r  ICCscrjcjr.
1 2 .4  ! s t a n d a r d  % r u r . c f f
•4 8 : r . u - : e r  c f  c r d i r . a t e s

j e - c
9e -2  
1 . 5 e - 1 
2 . 3 e - .
4 . 5e-L
6.  S e - :
9 . 6 e - l  
: . o e e -o
1 . 14e-C 
1 . i l e - C
1.  0 4 e  * 0 
5 e - l

6 T f e - T  ‘ ' '  -
5 . 2 e - l  
4 _3e-1
2 . 3e-
2 . 4 e - I  
2 e - l
2 . ~ s ^
2 . 3e-1
2 . 2 e - 1
2 . le-1

.  . / e - -
I . 6 e - l
1 . 5e-L
1 . 4 e - l
1 . 3 e - l
1 . 2 e - I
l . l e - I
i e - i
9e - 2
8e -2
7e -2
6e -2
6e - 2
5e -2
5 e - 2
4 e -2
4 e -2
4 e -2
3 e - 2
3e -2
2 e -2



I

I

I

I

I

i
I

i

i

I

i

i

i

i

i

1

i

i

I



Appendix 2j: Example Innut Datafile 10

T h i s  i s  uh d a t a f i l e  f c r  R i v e r  R i s e ,  3ISHCPS5RIDGE 
O r d i n a t e s  f r om N o r t h e r n  A rea

R i v e r  R i s e  
BISKOF35RIDGE 
2 9 /0 2  010 
TF032912
59 .4

1 n. r\

59 .4

ca t c r . r t e r . t  a r e a  
t  i r . e  ir.  t  e  r  v a  i  c f  
t r . i3 is  ce=th of

c r = ^ r . a t e s  ir. 
i e  1C— .

■jr. r .cr .T.ai isec:  f c r  ICCsr-tr.  
r.’j - b e r  c f  c r d i r . a t e s

5e -2

: e - .
Te-1
5 . 5 e - l  

e-C
. 1 3 e  — C 
. 2 £ e  -  0 
. 32e-C 
.2 2 e  -  0 

1 .S6e -C
8 .  9 e - l  .
^ .“Se-V ' 
€ . 2 e - :

4 . Te-
4 . 2 e -
2 . s e -
1 . 4 e -  
2 e - l
2 . i e -
2.  5 e -  
2 . 2 e -  
1 . 9e ~
1 . 7e-
1 . 5e-
1.  2 e -
I . l e - 1  
5e-2  
7e -2  
6e-2  
4e -2  
3e -2  
2 e -2  
l e - 2  
l e - 2  
Oe+O



Appendix 3a: Example Ouroui Datafile 1

Results

River name 
Gauge name 
Gauge code 
Grid reference 
Catchment area (sc km)

River Witham 
COLS TEH.WORTH 
30/01 010 
SK92 9245 
51.30

Adjusted h 3graph -t *—; -.nates (i.e.  ̂cr cat:hme:nt
0 .00 0 .03 C .05 AU .15 0.29 0. 45 0 .53 0.55
1.06 1.14 1.11 1 ,04 0.50 0.7 = 0. 63 C. 52
0 . 43 0.38 0 .34 0 .30 0.27 0.25 0 .22 o ~ *
0 .19 0 .17 0 .15 0 .- C 0.14 0. 13 0. 0 , 1 1

o >-* O 0.09 0 .OS 0.07 0.06 0. 0 5 0 . 05 0 . 05
0.04 0.04 0.04 0 . 03 0.03 0.02 0.01 0.01

Run number 1

Estimated transfer function medel

S t ruct ure'-= -*'12 ;'"2 /0 
Interval = l__hours 
Parameters: 
a ( 1) = 1_. 90 55 
'aT2') = “-0.5160 
b ( 1) = 0.00 6 5 
c ( 2) = 0 .00S4

Model percentage runoff = 15.65% 
Catchment percentage runoff *= 15.40%

irror Statistics

RMSE between UH and TrM reconvcluticns = 1.033
P.MSE between UH ordinates and TFM impulse response = 0.17 5

Model response statistics

UH peak flow =* 1.14 cumecs 
TF peak flow = 0.56 cumecs 
UH time to peak = 10 hours 
TF time to peak = 16 hours



Run number 2

Estimated transfer function model

Structure = 3, 3, 0 
Interval ° 1 hours 
Parameters: 
a { 1) = 2.5080 
a ( 2) = -2.1612 
a ( 3) = 0.6473 
b { I) “ 0.0056 
b ( 2) = 0.0014 
b ( 3) - 0.0082

Mcdel percentage rur.cff = 13.06%
Catchment cercer.tace rur.crf = 18.40%

irrcr statistics

py.Sz. between UH ar.d TrM recanvoiucicr.2 = 0.7
RMS2 between UH ordinates and TFM impulse response — 0.1

Model response statistics

UH peak flew = 1.14 cumecs 
.Tr.peak flew =.„ G . £3 cumecs .
UH time to peak
TF time to Deak = 10 hours

i s t im a te c :  t r a n s f e r  f u n c t i o n  iaOCc 1

c «-ru e ture ** 4,
In t s r v a l «* 1 hi
Fa ra.ileters :
a ( 1) = 2 .2 8 8 6
a ( 2) = -1 .5 5 3 5
a ( 3) s 0 .0 3 8 3
a { 4) = 0.2170
b< 1) - 0.0057
b< 2) - 0.0014
b< 3) = 0.0044
b( 4) = 0.0134

Model percentage runoff ** 18.30% 
Catchment percentage runoff =18.40%

Error Statistics

t\>
 

o
 

(»*
 

o



RMSE between UH ar.d TrM re convolutions = 0.447
RMSE between UH ordinates and TFM impulse response = 0.080

Model response statistics

UH peak flow = 1.14 cumecs 
TF peak flow = 0.8 4 cumecs 
UH time to peak = 10 hours 
TF time to ceak = 10 hours

Run number 4

transrer rur.cticr. mccei

r uc t y r e  = 3, 
:ervai = 1 ho

r  c.zp 2. 
f i ) 2 .1550

a { 2) = -1 . 243“
a ( 3) -0 . 2683
a ( 4) = 0. 4359
a ( 5) - “0 . 0733
b ( 1) = 0.0034
_b ( 2} c . 00" 3
:t>< 3)- .i’Sa"'

b { 4) a 0 . 0105
o  { 5) = 0 . V i ~ i.

UH peak flow = 1.14 cumecs 
TF peak flow «=* 1.00 cumecs
UH time to peak = 10 hours
TF time to peak = 10 hours

Run number 5

Estimated transfer function model

Structure = 6, 6, 0



i

Interval = 1 hours 
Parameters:
a ( 1) — 1..8926
a ( 2) -0 ,.8507
a ( 3) = -0 ..2826
a { 4) = 0..1803
a ( 5) = 0 ..0341
a ( 6) = 0 ,.0025
b{ 1) 0,.0061
b( 2) = 0..0041
K /W \ 3) = 0 ,.0059
b { 4) = 0 ,.0106
b{ S) = 0.0147
b ( 6) = 0.0207

Mocsi cercentace runof f = IS .2 9% 
Cat enrrient percent£ce runcn = z . 4 0%

PwMSZ between UH and TFM reconvoluticr.s = 0.067
P.M5Z between UH ordinates ar.d TFM irr̂ uise response = 0.014

Model rescor.se statistics

UH peak flow, = _ 1.14 cusecs ______
v.f~r? '^FE&.pe ak\f low ■£&?-■*'>10 ' c u r e e .* 

UH time to peak = 10 hours 
TF tlrns to peak = 10 hours

Run num ber 6

Estimated transfer function rr.cdel

Strueture - 7,
Interv a i a T
p ara~ete** c *
a ( 1) = 1.3367
a ( 2) -0.0699
a ( 3) = -0 .3408
a { 4) = 0.0278
a ( 5) - -0.1937
a ( 6) cs 0.2298
a ( 7) -0.0380
b ( 1) = 0.0044
b ( 2) = 0.0086
b( 3) = 0.0093
b< 4) = 0.0164
b< 5) = 0.0205
b { 6) = 0.0283
b( 7) = 0.0326



Model percentage runoff = 18.29% 
Catchment percentage runoff = 18.40%

Error Statistics

RMSE between UK and TFM reconvolutions =
RMSE between UH ordinates and TFM inpulse response =

Model response statistics

UH peak flow = 1.14 cumecs
TF peak flow = 1.13 cumecs
UH tine tc peak = 10 hours
Tp — 2_ne t '■'* oeax * 1̂* hours

Run number 7

Estimated transfer function model

Structure » 5, 8, 0
s
. . . . . . .  ......... — -.s . .

Interval 1 he
Parameters:
a^l) 1552-
a ( 2) 0. 1641
a ( 3) - 0  . ^0-7
a ( 4) 0 . 0323
a_{ =.)• —0t 207'9
a ( c) = -0 . 0336
a { 7) s 0 . 3216
a ( 8) = -0 . 1348
b ( 1) = 0 . 0055
b { 2) = Q . 008 6
w / 3) = 0 . 0104
b ( 4) 0 . 018 5
b ( 5) = 0. C23S
b ( 6) = 0. 0317
b ( 7) «* 0 . 0380
b ( 8) = 0 . 0060

Model percentage runoff * 18.27%
Catchment percentage runoff = 18.40%

Error Statistics

RMSE between UH and TFM reconvolutions
RMSE between UH ordinates and TFM impulse response =

Model response statistics

0 .034 
0. 007

0.036
0.009

UH peak flow 1.14 cumecs



TF peak flow = 1.14 cumecs 
•UH time to peak = 10 hours 
TF time to peak = 10 hours

R un m ur.be r  8

Estimated transfer function model 

9, 0Structure = 9,
Interval *= 1 ho*
Farameters:
a ( 1) = 1.0512
a ( 2) c= 0.0637
a { 3) = -0 . 0533
a ( 4) = 0 .0033
a ( 5) -0 .2730
a ( 6) = -0 .0579
a ( 7) = 0.2315
a { 8) * -0.0176’
a ( 9) = -0.0346
b ( 1) = 0.0056

2) = 0.0094
bi 3) '070121
t ( 4) = 0.0216

b { 6) = 0.0379
"b( 7) O 0.0459 "
b { 3) = 0.0162
-b ( 9) 0700£6

Model percentage
Catenner.t percer.

13 .2E% 
IS . 40*

Error Statistics

RMSE between UH ar.d TFM reconveiuticns = 0.035
RMSS between UH ordinates and TFM irauise response = C.CC5

Model response statistics

UH peak flow = 1.14 cumecs 
TF peak flow « 1.14 cumecs 
UH time to peak » 10 hours 
TF time to peak =» 10 hours

Run number 9

Estimated transfer function model



i \

Structure = 5, 6, 0 
Interval = 1 hours 
Parameters:
a { 1) = 1.,8923
a ( 2) = -0,,8493
a ( 3) - -0 ..2829
a { 4) = 0..1760
a ( 5) = 0..0402
b ( 1) = 0 ,.0061
b ( 2) = 0,.0041
b< 3) = 0. unU)00

b ( 4) = 0 ..0106
b < 5) = 0.0147
b ( 6) = 0.0207

Model percentace runoff = 15.2 9%
Catchment cercentace runoff = 13.40%

Error Statistics

RMSE between UH and TFM reccnvolutions 
RMSE between UH ordinates and TFM impulse rssẑ c

Model resDonse statistics

-i>' ^ ■-Ukr.fee<sik17 f 1 ^^iflK ’ cumec « f :
TF peak, flew = 1.10 cumecs 
_UH time _to peak _= _1C_ hours.
TF time to teak = 10 hours

Strueture — 41
Interval = 1 h
Parameters:
a { 1) = 1.9078
a { 2) = -0.8556
a ( 3) «* -0.3484
a ( 4) = 0.2727
b ( 1) = 0.0061
b ( 2) = 0.0041
b { 3) = 0.0056
b< 4) = 0.0106
b ( 5) es - 0.0145
b ( 6) «= 0.0203

Model percentage runoff = 18.29%
Catchment percentage runoff = 18.40%

o 
0



RMSE between UH and TFM reconvolutions *» 0.054
RMSE between UH ordinates and TFM impulse response = 0.013

Model response statistics

UH. peak flow = 1.14 cumecs
TF peak flow = 1.10 cumecs
UH tine to peak = 10 hours
TF time to oeak = 10 hours

r .un  n ’c r a e r

Structure = 3, 6, 0 
Interval ■* 1 hours 
?ara~e:er5: 
a( 1) « 2.1143 
a ( 2) - -1.502 9

b ( 2) = 0.0027 ___ __
b ( 3) = 0 . 0 C 61 
b { 4) = 0.0101 
t( 5) *= 0.0133 
b ( S )  = 0 . 0 1 9 9

Mccel cercsntace runcff = 15.22%
Cs t chn’.er.t rercsr.tacre rur.cff ** 13.4 0%

Errcr Stat—sti. cs

RMSS be1*w66n UH and TFM rec onvclut icns = 0.1
F.MSE between UH ordinates and TFM inpulse response = 0.0

Model resconse statistics

UH peak flow = 1.14 cumecs 
TF peak flow = 1.09 cumecs 
UH time to peak «* 10 hours 
TF time to peak = 10 hours

Run number 12

M 
f\)



t

I
Estimated transfer function model

Structure = 2, 6, 0 
Interval =* 1 hours 
Parameters:
a { l) = 1.7257
a { 2) = -0 .7552
b ( 1) = 0.0072
b ( 2) - 0.0047
b ( 3) = 0 .0075
b i 4) = 0.0119
b( 5) = 0 .0173
b { 6) = 0 .0271

Model cercenracre runoff = 19.11%
Catchment cercer^iace runoff = IS. 40%

i r r c r  S t a t i s t i c s

RMSE beiweer. UH and TFM reccnvciu-cicns = 0.34 5
RMS£ between UH crdinares and TFM impulse response *= 0.072

M e 1

UH peak flew 
TF .ceak flow

urr.s c 5 
1.0S cumecs

TF time to peak = 11 hours
lit £?*- Js, -V.V.rtaflaw.



Appendix 3b: Example Output Datafile 2

Results

P.iver name 
Gauge name 
Gauge code 
Grid r°fsrencs 
Catchment area (sq krr.)

River Stour
KEDINGTON
S00
TL7 08450 
76.20

nt a r0 £) -Adjusted hydrograph orii s (i.e. i mm / f or catch-Tten
0 .00 0.21 0.41 C .52 0. S 3 1.. 03 1.24 I .£ c
± •66 1.86 i.63 1.50 .36 1..23 1.0 9 0 .95
0.52 0.6 5 c .34 0.45 0 *4 5* -mf w 0..32

Run numbe r 1

Estimated trar.sfer funetion model

S t ructure = 2, a
Interval «• 1 hours 
Parameters

a ( 2) =^0.6055
b_( 1) “ : 0.̂ 053.7..
H ( ? > =  ̂ i :

RMSE between UH crdinatss arid TFM impulse response - 0.169

Model response statistics

UH peak flow *= 1.86 cumecs
TF peak flow = 1.02 cumecs
UH time to peak = 10 hours
TF time to peak » 9 hours

Estimated transfer function model



Structure = 3, 3, 0 
Interval = 1 hours 
Parameters:
a { 1) = 1.5977
a ( 2) = -0.4348
a ( 3) -0.1825
b( 1) = 0.0974
b ( 2) = 0.0190
b ( 3) = 0.0324

Modei percents^ runoff = 3 5.90%
Catchment percentage runoff =* 28.20%

Error Statistics

?_MSZ between UH and TFM reconvoiutions = 0.622
PMSE between UH ordinates and TFM impulse response = 0.120

Model resccr.se statistics

UH peak flow = 1.8 6 cumecs
TF peak flow = 1 . 2 2  cumecs
UH time to peak = 1 Q_. hours ______
TF time to peak = 10 hours

- 5 Z

r.umbe

imated - cans:
z ~  — ure 4,
iT;'
Par

erval
ameters :

1 h:

a ( 1) = 2.. z. z z-j

a { 2) = - 0 . 4267
a { 2) = -0. 0367
a { 4) e - 0.0554
b { 1) = 0 . 0995
b { 2) ** 0.0215
b ( 3) 0.0287
b ( 4) = 0.0347

Model percentage runoff = 36.15% 
Catchment percentage runoff = 38.20%

Error Statistics

RMSE between UH and TFM reconvolutions = 0.4 88
RMSE between UH ordinates and TFM impulse response = 0.0 98



UH peak flow = 1.8 6 cumecs 
TF peak flow = 1.32 cumecs
UH time to peak = 10 hours
TF time to peak = 10 hours

Model response statistics

Run number

Estimated transfer function model

Structure = 5, 5, 0 
Interval = 1 hours 
Parameters:
a ( 1) = 1.5119
a( 2) = -0 .4192
a { 3) = -0 .0739
a ( 4) = -0 .0127
a ( 5) = -0 .0320
b ( li = 0.0977
b< 2) = 0.0297
b { 3) * 0.0303
b'( 4 f = *0 .02 67"
b( 5} = 0.0530

-rKj" v r :
■ i ~pn i rv“~t£.v

Model percentage runoff ** 36.32%
Catchment percentage runoff = 38.20%

Error Statistics

between UH and TFM reconvclutior.s - -.35 4
RMSZ between UH ordinates and TFM i“.pulse respcnce = 0.076

Model response statistics

UH peak flow = l.SS cumecs 
TF peak flow = 1.43 cumecs 
UH time to peak = 10 hours 
TF time to peak = 10 hours

Run number 5

Estimated transfer function model

Structure *» 6 , 6 , 0  
Interval = 1 hours 
Parameters: 
a ( 1) = 1.4354



a ( 2) = -0.3486
a { 3) = -0.0809
a ( 4) 0.0315
a ( 5) = -0.1156
a ( 6) = 0.0382
b ( 1) = 0.0989
b( 2) - 0.0369
b ( 3) * 0.0409
b< 4) ■ 0 .0269
b ( 5) - 0.0412
b ( 6) * 0.0638

Model percentage runoff = 3 5.47%
Catchment percentage runoff =38.20%

Error Statistics

RMSE between UH and TFM reconvolutions = 0.22C
RMSE between UH ordinates and TFM ispuise response = 0.055

Model response statistics

UH peak flow = 1.3 6 cusecs 
TF^peak flow = 1.53 cusecs 
UK time to *p®â  ** 10 hours"'

Run nusber 6

Estisated transfer function sodei

w irue e = 7,
Xr*tervai <1. n
? araseters i
a ( 1) - i  ̂̂ 5 3
a / 2) - -0.2910
a ( 3) 8 -0.0329
£ ( 4) - 0.0152
& { 5) - -0.1377
a ( 6) s= 0.1222
a ( 7) - -0.0602
b { 1) e* 0.0931
b ( 2) ta 0.0532
b ( 3) = 0.0513
b ( 4) - 0.0437
b( 5) - 0.0510
b ( 6) - 0.0619
b< 7) e* 0.0788

Model percentage runoff “ 36.51% 
Catchment percentage runoff “ 38.20%



f

RMSE between UH and TFM reconvolutions = 0.169
RMSE between UH ordinates and TFM impulse response = 0.049

Model response statistics

Error Statistics

UH peak flow = 1.86 cumecs 
TF peak flew = 1.62 cumecs 
UH time to peak = 10 hours 
TF time to peak = 9 hours

a \ 26 ^t£jLiss«?s2**v^>~

r\UH 71l2I7kC€ — i

Estimated transfer function model

Structure = 8, 3r 0 
Interval = 1 hours 
Parameters:
a (_1) = 1 .1409
a ('if" = -0.'16 92
a ( 0126 
a\ 20
a ( 5) = -0 .1383a ( 6) C2 “ c.12 34
2 ( 7) = -0 .0940
■a •(--8)- --' c.0082
b ( 1) = c.0912
O i 2) = c.0 627
b ( 2) = 0 .07 93
b ( 4) = nV «06 = 5w / ^ \ 5) = Av/ •0 / * V
b ( 6) = U *A -* — -0 / / J
b ( 7) «= 0.0 = 27
b { 8) = c.1071

Model percentage runcfr = 26 . 55% 
Catchment cercentace runoff = 38.20%

Error Statistics

RMSE between UH and TFM reconvolutions = 0.120
RMSE between UH ordinates and TFM impulse response = 0.0 42

Model response statistics

UH peak flow ° 1.6 6 cumecs 
TF peak flow = 1.7 4 cumecs 
UH time to peak = 10 hours 
TF time to peak = 9 hours



Run number 8

Estimated transfer function model

Structure = 9 , 9 , 0  
Interval = 1 hours
ParameteXS I
a 1) = 0.7648
a 2) = 0.0353
a 3) = 0.0759
a 4) = 0.0850
a 5) = -0 .0665
a €> = 0.0448
a 7) = -0 . 0845
a 8) = 0.0548
a 9) = -0 . 0559
b 1) = 0. 0803
b 2) = 0.0964
b 3) = n.1184
c 4) = 0.1320
b 5) = n . - £
D "ef-' b . 1373
b ..0 .1352,

-Mccs'— p e r c e n ta g e  r u n o n  — - ■ . 3 c ̂
Catchment -ercer.ta-e rur.cff = 38.20%

Model restor.se statistics

UH peak flow = 1.8 5 cumecs
TF peak flow = 1.89 cumecs
UH time to peak = 10 hours
TF time to peak = 10 hours

Run number 9

Estimated transfer function model

Structure = 4, 5, 0 
Interval = 1 hours



a { 1) = 1.5132
a ( 2) = -0.4145
a ( 3) -0.0612
a { 4) = -0 .0681
b ( 1) « 0.098 6
b( 2) = 0.0292
b< 3) = 0.0289
b ( 4) = 0 .0246
b ( 5) = 0 .0535

Model oercentacre runoff = 3 6.34%
Catchment percentage runoff = 5c.20%

Error Statistics

RMSz. between UH and TFM reconvclutior.s = 0.341
RMSE between UH ordinates and TFM impulse response = 0.073

Model response statistics

UH peak flow = 1.86 cumecs 
T? peak flow = 1.43 cumecs

a( 1 t = 1. =278
a ( ~ \ 4- / = “ *J * ~ / / 4
a ( 3) = i o !•> -1

b ( 1) = o r c c c'J . u « v 3
b ( 2) = 0.0254
b ( 3) = 0.0243
b ( 4) = 0.0255
b { 5) - 0.0527

Model percentage runoff ” 36.38% 
Catchment percentage runoff = 38.20%

Error Statistics

RMSE between UH and TFM reconvolutions a 0.343
RMSE between UH ordinates and TFM impulse response =* 0.072



Model response statistics

UH peak flow = 1.86 cumecs
TF peak flow = 1.41 cumecs
UH time to peak • 10. hours
TF . time to peak = 9 hours

Run nunbe r 11

Estimated transfer function model

Strueture = 2, 5, I
Interva 1 ; 1 hours
? aram.erers:
a ( 1> = ±.5921
a ( 2) = - 0 *7137
b( 1) = 0 .C922
b ( 2) = 0 .013 6
b ( 3) = 0 .02 3 9
b { 4) =* 0 . i
b { 5) = 0.0537

. . r,- - vATT- -

___ . _ Model̂  percent acre runoff. 3 *
r'~k rjrCZy^i^ ■? y T. •- K E ^asag ^ sjd aad E aa^ ssaass^

trror statistics

RMSZ t6*ween uH end. TFM reccnvoiu^icns

UH peak flow =
7F peak flow =
UH t i~e t o o- ak = I u r.ours



UH peak flow = 1.86 cumecs 
TF peak flow = 1.41 cumecs 
UH time to peak = 10. hours 
TF time to peak = 9 hours

Model response, statistics

Run number II

Estimated transfer function model

Structure = 2, 5, 0 
Interval = 1 hours 
Parameters: 
a { 1) = 1.5521 
a ( 2) = - 0 . 7197  
b ( 1) = C.0922 
b { 2) = 0.0126 
b ( 3) = 0 .02 = 3 
b ( 4) = 0.0251 
b( 5) = 0.0527

c.rror Statistics

RMSE between UH and TFM reccnvoluticns = 0.45:
~y.5Z between UH crdir.ates and TFM l~zu 1 s e raspcr.se = 0.027

Medal respcr.se statistics

UH peak flew = 1.56 cumecs
TF peak flew =* 1.26 cumecs
UH time tc peak = 10 hours
Tc time tc ceak = 5 hours



r

Model response.statistics

UH peak flow = 1.86 cumecs
TF peak flow «=» 1.41 cumecs
UH time to peak = 10. hours
TF time to peak ° 9 hours

ftur. nunoer

Estisiatea transfer function mocei

Structure = 2, 5, 0 
Interval = 1 hours

a ( 1) = 1 . s 521
a ( 2) = — 0.7157
b ( 1) - 0.0922
b ( 2) 0.0126
b ( 3) = 0 . 0289
b { 4) = 0.0251
b { 5) *= 0.0527



Appendix 4: Runtime Listing of TFUH

The following is a runtime listing of TFUH as described in section 7 of the main report- Bolded text 
indicates user input Graphics are at the end of this Appendix.

T r a n s f e r  F u n c t i o n  -  U n i t  Hydrog raph  P rog ram (TFUH)

A p rog r am t o  e s t i m a t e  t h e  p a r a m e t e r s  o f  a t r a n s f e r  model f r o m  t h e  
o r d i n a t e s  o f  a u n i t  h y d r o g r a p h  o r  by  a p p l i c a t i o n  o f  t h e  F l o o d  S t u d i e s  
R e p o r t  p r o c e d u r e  f o r  ungauged  c a t c h m e n t s .

See TF'JH S o f t w a r e  P r o f i l e  f o r  f u r t h e r  i r . f  o r .T .a t i cn .

Wate r  R e s o u r c e s  R e s e a r c h  Group 
Dep a r t m en t  o f  C i v i l  E n g i n e e r i n g  
U n i v e r s i t y  o f  S a l f o r d  
SALFORD '
M5 4WT

S P r e s s  RETURN (ENTER) t o  c o n t i n u e

-i£r-r

The UNIRAS‘g r a p h i c  r o u t i n g "  i n  t h i s ‘p rog r am i s " d e v i c e  i n d e p e n d e n t .

P l e a s e  t y p e  i n  t h e  i n t e g e r  c o r r e s p o n d i n g  t o  t h e  d e v i c e  you w i sh  
g r a p h i c s  t o  be” d i r e c t e d - t o T  “  : — -----------

(1) VAXstat  ior. (G-X d r i v e r )
(2) V AXs ta t i ; r .  tX l l  d r i v e r )
(2) VT E m u l a to r  { R ed S  d r i v e r )
i 4) Z3M PC {VGA a r : v e : J
(5) Per. P l o t t e r  C-IPGl d r i v e r )
(6) Ir.k J e t  P r i n t e r  ( e . g .  HP I n k j e t )

Ou tpu t  car. be s w i t c h e d  be tween  s c r e e n  ar.d per. p l o t t e r  o u t p u t  b u t  c:
2. 32rs®" i-t * cr» i. s 3.“ — s s-ics* i c.ci*sr
ove r  i d e s  t h e  s c r e e n / ?  let ,  t e r  t o c g l e  c p t  i  o n .

P l e a s e  t y p e  i n t e g e r  ( 1 , 2 , 3 , 4 , r  o r  6}

3

Do you want  t o  v i e w /c h a n g e  c u r r e n t  o u t p u t  o p t i o n  s e t t i n g s  [Y/N] 1

7

O utp u t  O p t i o n s  Menu

O u tp u t  O p t i o n s  ( d e f a u l t  i n  UPPER CASE)

1.  R e s u l t s  o u t p u t  f i l e  (Y/n)
2. R e s u l t s  summary t o  s c r e e n  ' -  ( Y / n ) -  _
3 .  G r a p h i c s  on s c r e e n  o r  t o  p l o t t e r  (S /p )
4.  G r a p h i c  o u t p u t  r e q u i r e d  (Y/n)

To c h an g e  a d e f a u l t  s e t t i n g  e n t e r  i n t e g e r  c o r r e s p o n d i n g  t o  t h e  s e t t i n g  t o  
be  ch an ge d ,  p r e s s  r e t u r n  key and  e n t e r  y / n / s / p  a s  a p p r o p r i a t e



P
(Type a zero (0) tc exit]

3

Prcgra.T. user i n p u t

Which c p t i c r .  i s  r e q u i r e s  7
(1) TF node 1 f r a n  u r . i t  h y c r s g r a p h  c r c i r . a t e s
(2) TF model  frcrr. p h y s i c a l  c a t c h i e r . ;  c h a r a c t e r i s t i c s  

P l e a s e  t y p e  i n t e g e r  i l  o r  2} .
1

E n t e r  r.a.r.e c f  i r . cu t  f i l e  
c o l j t e r v o r c i . d a . t

E r . t e r  r.a.-re c f  t h e  r e s u l t s  c u t r u t  f i l e  
r t s u l t c . o u r

y.cde 1 S t r u c t u r e  I n c u t

E r . t e r  nu.rJser o f  a p a r a m e t e r s  { - a x .  30) [ i n t e g e r ]
5

Er . t e r  r .u . r ier  o f  b p a r a m e t e r s  (r .ax.  3 0  [ i n t e g e r ;
6

..-m^JSBter^-nviuei iag-^in m u l t i p l e s  o f  model  i n t e r v a l  ( i n t e g e r ]  
0

, , .  ______ ________ „ _  . . . .  * . .

P l e a s e  w a i t  !

- K- ; *a t e c t r a n s f e r  f u r . c t i c r .

sZ r u e 9 * 5, c, Z

Ir. : e : v a i * 1 '*~U“ 3
?a Z 3S7e t e r s :
a { 1; - 1 .33  57
a ( 2) s -O.CC63
a { 3) - - 0 . 3 9 4 1
a ( 4) - -C.1B49
a ( 5) * 0 . 2 0 1 8
b { 1) =» 0 .0 10 3
b  ( 2) m 0 .0 09 7
b ( 3) Mg 0 .0 15 4
b  { 4) « 0 .0 20 8
b  ( 5) - 0 .0 27 2
b ( 6) a» 0 .0 3 1 8  "

Model p e r c e n t a g e  r u n o f f 18.27%

RMSE b e t w e en  UH and TFM r e c o n v o l u t i o n s  *= 0 .0 47
RMSE b e tw een  UH o r d i n a t e s  and TFM im pu l s e  r e s p o n s e  » 0 .0 10



Rollii’ll I:i) r.onl imio



UH onH nntcs
1I M iiii|iuIni' i ‘C!i|iofir.o

sl.l'UlMUI’l! = 0



Appendix 5: Devices Supported

The following devices are explicitly supported by TFUH.

DEC VAXstations (GPX driver)
DEC VAXstations (XII driver)
VAX Terminal Emulators (ReGIS driver)
Pen Plotter (HPGL Driver)
DEC Ink Jet Printer 
IBM PC (VG A Driver)


