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Introduction

The Guide is structured for reading, by the first-time user, in the order presented.  

The ‘What is HYSIM?’ chapter briefly outlines the purpose of HYSIM.  

The next, 'Use of HYSIM', leads the computer user through the main options.

The ‘Some key facts’ chapter discusses a few topics which are important to understand but which don’t fit neatly anywhere else!

The ‘Starting Work’ chapter‘ is a rude reminder that HYSIM requires a fair amount of investigation and data collation before the computer need be troubled.

The Tools chapter gives details of how data are imported and manipulated.

The Parameters chapter shows how all the key building blocks of the model are specified and changed.

The Project chapter explains what is necessary to organise the various files into a set for mounting a HYSIM study of a catchment.

The Model chapter shows how HYSIM is run in its various modes.

The Graphics chapter describes the options for plotting hydrographs and producing doublemass curves. 

Finally, a set of Appendices gives details of model development and, in Appendix 4, some examples.

HYSIM can also be used with Aquator, the Water Resources Simulation model. This document, in its current form, was originally produced specifically for inclusion in the Aquator-HYSIM User Manual. In this Guide, the emphasis is on explaining sufficient of the model’s structure and capabilities such that the user will be able to assemble the necessary data and begin calibration as quickly as possible

This Guide is not available on-line.  There is, however, some useful context-driven Help available on line through use of the F1 key which displays a pane describing what can be done at that stage.  It is possible that a fully structured Help for HYSIM will be developed in the future.

The status bar at the bottom of the screen also gives information on names of files opened and what the next step should be.

What is HYSIM?
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HYSIM is a hydrologic simulation model which uses mathematical relationships to determine the runoff from precipitation upon a catchment.  It comprises a linked set of storages as shown in the diagram.  The capacity of each storage, the maximum rate of transfer between them and equations which govern the transfer processes are all defined by time invariant parameters.  The volumes in each storage and the rates of transfer vary with time – they are variables.

To use the model, parameter values need to be estimated.  A first estimate is obtained by a study of the catchment type and this is refined, for a few of the most sensitive parameters, by adjustments based on a comparison of recorded and simulated flow.  This process, called calibration, usually comprises both objective and subjective methods. 

Once the model has been calibrated it can be used when precipitation and climate data are available but runoff data is not.

The relationships used in the model have been defined experimentally.  Where complexity makes this impossible then a simplification has been used in preference to an empirical relationship.The model has been kept simple.  For example, whilst the model has been used to provide data to study reservoir operation, reservoirs are only simulated in a very basic way within the model.  To do otherwise would mean time-consuming, but repetitive, simulation of the reservoirs when the hydrologic parameters were being calibrated and time-consuming, but again repetitive, simulation of the hydrology when reservoir operation was being studied.  

The model is flexible.  For example, up to five different types of input data can be used, each of which can be in a different time increment to the others.

The model can use five types of input data: precipitation; potential evapotranspiration (PET); potential snowmelt; discharges to (positive) and abstractions from (negative) the river system; abstraction from (positive) and augmentation of (negative) groundwater.

To model the natural inhomogeneity of a catchment it can be sub‑divided into two or three zones with different parameters and different input data applying to each.  Similarly the river channels can be divided into reaches with reasonably uniform hydraulic characteristics.

Catchments can be "cascaded" with the outflow from one catchment being input to a channel reach of another.  The outflow from upstream may be totally simulated or it may be a combination of simulated and recorded discharge.

The model produces a variety of output data. which may be plotted or exported, illustrating the variation with time of volumes in, and transfers between, the various model storages.

HYSIM is available as a stand-alone program or may be integrated with other software to provide packages for a variety of applications in water resource engineering.

One example of integration is when HYSIM is used to model sub-catchments within a water resource simulation program such as Aquator.  This manual describes the use of HYSIM in stand-alone mode.  The particular points of difference which arise when it is accessed from another program are described in a separate document.

Use of the HYSIM package

xe "Overview"Overview
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HYSIM is more than a rainfall-runoff model.  The package includes most of the functions associated with modelling, particularly data preparation and manipulation.  The opening screen shows a number of icons:

The File and Run items on the Main Menu produce drop down sub-menus which vary according to the context determined by which of the icons has the focus.  The Tools item on the Main Menu and the Tools icon are simply alternative routes to the same sub-menu.  The Help item on the Main Menu introduces the on-line Help which is a single-layer context-sensitive system accessed by the F1 key.

The functionality of each icon is  described briefly below in the top to bottom order they are shown on screen, which is also the sequence most commonly adopted in practice as a new HYSIM study is begun ie first organise all the data, then set up parameters for each catchment (or part thereof), then define a project for each catchment, then calibrate the model for that project and, finally, examine the plotted results.  In fact, the process is usually repetitive.  Examination of results usually leads back to further calibration and to manual changes of parameter value too. 

The various features of the package can be explored using example data supplied.  Users who are ready to start a new study should read the ‘Starting work’ chapter.

Tools
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The accuracy of a model can never be better than the accuracy of the data.  Much of the time and effort in any modelling project is necessarily taken up in the collection, preparation and quality control of the data.  In particular all models require data in their own format. HYSIM includes a data conversion module that should enable data in most formats to be handled without use of computer programming.  This and other routines are described in the "Tools" chapter of this Manual.

Edit
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Edit is actually one of the tools but an additional short cut is provided as it is frequently used.  The data in HYSIM, in its stand-alone form, are held as random access files which cannot be edited using a normal text editor.  This editor is provided mainly for viewing and editing HYSIM direct access files but may also be used to read, but not edit, text files.  When HYSIM is integrated with another program, the data may also be retrieved from, and returned to, a common database.  In this case, the option to do so will appear in the drop-down File sub-menu.  Details of the Edit facilities are included in the Tools chapter.
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Rain

As with Edit, the functions related to rainfall are among the selection of tools and are described in the Tools chapter.  A separate button is provided as these are often used.

Parameters
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The model uses mathematical relationships to define the transfer of water within soil (the "hydrology" of a catchment) and within river channels (the "hydraulics” of a catchment).  The relationships use variables, which change with time, and parameters, which do not.  With any model, assigning suitable values to the parameters is crucial to the accuracy of the simulation.  There has been, and probably always will be, much discussion between those who adopt a physically realistic approach, and would want all parameters to be measurable, and those who adopt a systems approach, and want to use the minimum number of parameters compatible with accurate simulation.  HYSIM is more realistic than many models and consequently has more parameters.  The "Parameters" chapter describes how they can be set up for a particular catchment.

Project
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The data files used by HYSIM are defined in a project file.  This option allows creation and modification of a project file.  It is possible to have more than one project file for a particular catchment e.g. in order to run the model with climate change scenarios or future abstraction patterns.  See the “Projects” chapter.
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xe "The Simulation Model"Model

The rainfall/runoff model is at the heart of the system.  It uses precipitation and climate data to simulate the movement of moisture, both above and below ground, from the moment the precipitation reaches the earth until it flows out of the river basin.  Internally the model simulates interception storage, runoff from impermeable areas, overland flow, interflow from the upper and lower soil horizons, rapid and slow response from groundwater and the hydraulics of flow in river channels.  The model can use data on precipitation, potential evapotranspiration, potential snowmelt, discharges to and abstractions from rivers, and additions to and abstractions from groundwater.  The model is described in the "Simulation Model" chapter.  

Graphics
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It is easier to get a feel for the quality of hydrological data or the accuracy of simulation if the results can be visualised on a graph.  The graphics module of the HYSIM system allows for a variety of output types.  See the “Graphics” chapter.

Windows operations

Windows operation of HYSIM is conventional.  Leave the program by closing the window or by File/Exit (close any open windows from Edit, Graphics etc. first).  If the HYSIM window is resized, it will open at the new size the next time.  

Help windows (accessed by F1 key or through Help menu) need to be closed before program execution can continue.

IMPORTANT – Parameter and Project files need to be explicitly saved after editing before re-running the Model.  There is no warning if the model window is opened without first saving the parameter window.

The various windows opened by selecting the buttons described above will, by default, open maximised in the HYSIM window.  They remain open until explicitly closed.  It may be useful sometimes to see them separately on screen.  To do so, click on the central (Restore/Maximise) icon of the row of three in top right of the window with focus.  All open windows will then display in cascade and can be independently moved and re-sized if required.

Some key facts

File types

HYSIM uses files to hold all data and information.  Even when the program is called from a package such as Aquator-HYSIM, it remains an option to use files for everything but the preferred approach in that case is to use the package database for key data sequences and parameter values.  The files have standard extensions for each type of content.  File extensions shown in red are based on data or information supplied by the user; the others are normally produced by HYSIM.

	Extension
	Contents
	Type
	Notes

	
	Rain, snowmelt, PET, mm
	
	

	DRF
	Daily rainfall
	Direct access
	Only files of this kind can be selected for infilling.  Names should be kept short but distinct, preferably actual site names rather than station number.

	IRF
	Infilled rainfall
	Direct access
	Takes name from .drf source file

	XRF
	Corrected rainfall
	Direct access
	Takes name from .drf or .irf source file

	CRF
	Catchment average rainfall
	Direct access
	User assigns name.

	DPE
	Daily PET 
	Direct access
	User may import monthly data but HYSIM may be able to calculate PET from climate and temperature data if available. User assigns name.

	DSN
	Daily potential snowmelt
	Direct access
	HYSIM may be able to calculate potential snowmelt from temperature data if available.  Same name as .dpe file is used.

	
	Temperature, degC
	
	

	TMT
	Daily mean temperature
	Direct access
	User assigns name.

	
	Discharge , m3 s-1
	
	

	DFL
	Recorded daily mean discharge
	Direct access
	User assigns name.

	DSU
	Daily net surface additions (discharge) and subtractions (abstraction)
	Direct access
	Discharges are positive. User assigns name.

	DGW
	Daily net groundwater subtractions (abstraction) and additions (augmentation)
	Direct access
	Abstractions are positive. User assigns name.

	DSM
	Simulated daily mean discharges
	Direct access
	Takes name of Project.

	GSM
	Simulated and recorded discharges and simulated reach flows
	Direct access
	Takes name of Project.

	STF
	Short time increment flows
	Direct access
	

	CMG
	Current meter gauging
	Text
	User assigns name.

	
	Storages, mm
	
	

	GST
	Simulated contents of 7 model storages
	Direct access
	Takes name of Project.

	
	Transfers, mm/d
	
	

	GMT
	Simulated rates of transfer between storages (12 rates)
	Direct access
	Takes name of Project.

	SRO
	The surface runoff transfer (isolated for use by alternative routing models)
	Direct access
	Takes name of Project.

	
	Other
	
	

	HPJ
	Project file
	Text
	This extension can be interpreted by Windows as a generic ‘Help Project File’.  This is not known to cause any specific problems.  User assigns name.

	PAR
	Parameter file
	Text
	User assigns name.

	LOG
	A journal file of HYSIM activity, one produced each calendar day
	Text
	Name incorporates calendar date.

	TPT
	A template to assist repeated import of data.
	Text
	Constructed by user during first import. User assigns name.


The Log file

HYSIM produces a "log" file.  This file gives a summary of all actions performed using the model.  It includes, for example, details of changes to parameters, a summary of simulation results and details of file modification.  It has two main uses:

· It constructs a record of different runs of the model and accuracy of the results.  This is particularly helpful during calibration when the user may wish to return to some previous parameter set.

· It provides an audit trail for quality assurance purposes.

The location of the log file (ie the drive and folder where it is written) may be changed from Tools/Options. 

Compatibility with earlier versions of HYSIM

HYSIM began life as a DOS program.  When it was converted to Windows, one of the aims was to maintain compatibility with earlier versions so there are not many changes.  In particular all the data prepared for the DOS version of HYSIM can be used in the Windows version. The main changes are:

· The format of the parameter files has changed. It is however possible to read earlier parameter files.

· The format of the template files for data import has been changed. These have to be re-created.

· It is no longer necessary to create a catchment data file, which had the extension .CDA.  In its place the files used for simulation are defined in a HYSIM project file which has the extension .HPJ.

· It is now possible to use HYSIM for lakes/reservoirs and for data at a short time step which was not previously possible.

Water Balance

HYSIM runs a continuous water balance during the calculation. This is printed out in the log.  It is worth checking from time to time that the net balance is zero.  If it not then an error has occurred and should be reported as a bug,

Start and end dates

For some options it is necessary to specify start and end dates but for many others it is not.  In that case most of the options will work on the shortest common period for all files being used e.g. the 'mean rainfall' option.  The one option which does not follow this method is that of rainfall 'infilling' which uses the longest possible period from the start of the earliest file to the end of the latest.

Starting work

The sequence of events

Visit the catchment and collate the data.

Import and check data using Tools.

Review mapped and other information.

Refine Initial parameter values (from their default values) as outlined below and in the ‘Parameters’ chapter.  

Begin a new separate Project for each catchment with a gauged record against which to calibrate.

Run the Model with the chosen project either to calibrate or to simulate.

Change parameter values and repeat model runs until satisfied.

Simulate as long a record of discharge as there are suitable rainfall and PET data.  Impose real or supposed sequences of artificial influences and/or alternative input data sequences (e.g. if studying effects of climate change) to match the objectives of the study.

Visiting the catchment

It is highly recommended to visit a catchment area at an early stage.  It is only by relating model parameters (whether based on recommended values, adjusted by reference to published information, optimised by HYSIM calibration or derived from a process of trial and error) to field experience that hydrological and engineering judgement can be deployed as the basis for taking short cuts and for deciding when results are as good as they are going to get.

A field trip should include assessment of channel dimensions (see the ‘Catchment Hydraulics’ chapter), an inspection of gauging stations (preferably in the company of someone responsible for data collection) and a general inspection of land use and topography (to complement mapped information).  It is sometimes an advantage to visit major sites of abstraction and discharge to assess the likely quality of data emanating therefrom.

It will not normally be practical to visit sites of rainfall or other climate data observation.  However, if rain data are sparse, a personal inspection of key gauges can help to justify correction factors which may seem necessary later on.

A photographic record is useful, particularly of gauging stations when it may illuminate later appraisal of rating curves.

Data collation

The collection of rain data is dealt with in more detail in the ‘Rainfall’ chapter.  However, it is often found to be a particularly time-consuming process and one which is best started immediately a new study area is identified.

Discharge data (usually daily mean discharges) will normally be required from every location within the study area and for the whole period of record.  These should be obtained from the gauging authority in computer compatible form.  Records which have not been processed to daily means should be reviewed at an early stage.  Do reliable rating curves exist?  Can the time and cost of processing be justified in terms of improved closeness of a potential calibrated catchment?

Artificial influence data covers abstraction and discharge data relating to rivers and groundwater.  Such data may or may not exist for influences which are considered important.  Where missing they should be estimated by whatever means is available.  It is customary to ignore influences which amount to less than, say, 5% of the lowest recorded catchment discharge.  However, a large number of small (e.g. irrigation) abstractions could have a large cumulative effect and might be represented by a composite, and inevitably approximate, figure based on total capacity and broad seasonal trends.  The major abstractors for Public Water Supply and operators of Sewage Treatment Works (STW) should be able to supply data, particularly in recent years, but it is always important to understand the source and reliability of such data.  STW discharges may need to be estimated from population records.  Where STWs convey discharge from both foul and storm water sewerage, it is only the former which should be estimated unless it is known that the storm water has been imported from outside the catchment area.

Get information on changes in the catchment.  For example, extensive land drainage can alter catchment response.  

It is impossible to consider all the potential problems which may arise in data collation.  The HYSIM user should be an experienced hydrologist who will understand the sources of error and approximation which may confound the modelling.  There will be opportunities to minimise these during the data collation and vetting phase.

Topographic maps

The availability of suitable contour maps obviously depends on location.  1:50k mapping is normally adequate for definition of catchment areas if these are not already known.  Smaller scale maps would be appropriate to gauged catchments larger than, say, 1000 km2.

Maps should show watercourses in sufficient detail to allow estimation of major reach lengths and slopes.  Upstream tributaries also need a measure of their slope on which to base an estimate of time to peak.

Geology, soils and other maps

Geology and soil maps are available thought the UK.  They should be used to assess the broad categories of land and vegetation in terms of ‘runoff generating potential’.  The kinds of questions to be asked include:

· are there important aquifers? 

· do they outcrop in the catchment and, where they do not, how deep?

· how pervious or otherwise are the soils?

· is there significant presence of peat?

The main difficulties in interpreting soil and geology mapping are a) the complex terminology and b) the (often) highly variable soil classes.  There may be written memoirs which are helpful to map interpretation or, as in the UK, mapping which has simplified or expressed the required properties in different ways.

Other maps which will be found useful in the UK include:

· the Hydrogeology maps produced by the British Geological Survey, Wallingford

· the Land Classification maps produced by MLURI, Aberdeen (for Scotland)

· the HOST (Hydrology of Soil Types) mapping by the Institute of Hydrology (now CEH, Wallingford)

An important outcome of map inspection is to decide whether the study catchment is sufficiently diverse – in terms of topography (which might significantly affect the snow regime), land use (eg distribution of forest cover) or soils - to justify partition into two or even three sub-areas (or zones).  

Using the package

Having assembled all raw data and information, it is time to use the package to start one or more new projects.  The general procedure is outlined in the first section above and in the ‘Use of the HYSIM package’ chapter.  Details follow in further chapters.

Tools

Introduction

Most of the "tools" in HYSIM are for data preparation, manipulation and quality control.  The importance of taking care in the preparation of data cannot be over-emphasised.  Indeed it is rare for a situation to arise where the simulation accuracy has not been improved by better data.  Some of the quality control checks that should be carried out are:

· Double-mass plots of rainfall, certainly, and possibly of flow and PET as well (Note – the double-mass plotting facility is accessed via the Graphics button).

· Inter-station correlations and comparison of rain-days.

· Comparisons of the calculated flow with rating curves and current meter measurements.  Be particularly careful at the extremes of flow measurement.  A small absolute error in low flow measurement might still represent a large proportional error.  At open channel sites be particularly careful of problems of weed growth.  At high flows there may only be a few gaugings but, if there are any and they do not correspond to the rating curve, check it carefully.  It may be that the rating curve has been extended without taking account of the topography of the flood plain.  Current meter gaugings may be superimposed on graphs of recorded discharge (via the Graphics button).

If data errors are uncovered, it may be necessary to modify the data.  HYSIM has many of the most common data checking methods built in.  However, it will sometimes be found necessary to do other data manipulation and a spreadsheet is ideal.  The HYSIM to CSV export facility is used to transfer into the spreadsheet and the text file to HYSIM import facility brings the modified data back in.  It is likely that the HYSIM user will have had to use a spreadsheet during data preparation e.g. to combine a number of different abstractions or discharges into a single composite record.  

Clicking the Tools button produces a drop down menu of 7 operations.  
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File handling

Hovering over the ‘File handling’ operation gives 11 options.

Summary
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This option allows the data in any HYSIM file to be summarised in terms of its first and last dates.  It shows the data interval, a mean value (in the illustrated case of a daily rainfall file it is the mean annual rain total) and the number of missing days of data.

Edit

Reminder – the options accessed though Tools /File Handling / Edit may also be found under the Edit button directly.

As the files used by HYSIM for data are direct access, and as such files cannot be modified by a text editor (such as Notepad), HYSIM includes a file editor. 
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A text file can also be opened by the Editor but HYSIM will simply show the first 100 lines. A text file cannot be modified or saved.

The data to be edited are shown in a block of one month's values.  If there is not enough room for all the data to be displayed simultaneously – as might occur when there are several variables in the one file - it can be scrolled.  Note the title bar which is a feature of all HYSIM data files.  Note the year and month identifier and the 31 (for January) daily values.  The File menu in this context allows the user to Open, Save, Save As or Close the file.  Remember it is important to Save before Close – there is no warning. 

Moving through a data file:

To move to the next month, press <PgDn>

To move to the previous month, press <PgUp>

To move one year on, press <Ctrl>+<PgDn>.

To move one year back, press <Ctrl>+<PgUp>.

To move to the end of the file, press <Ctrl>+<End>.

To move to the start of the file, press <Ctrl>+<Home>

To move to specified month select Edit/Goto.

To find a particular value select Edit/Find.  This works on the value of a data item not the text equivalent.

Editing values

Data values may be changed in the usual way, as may the Header. It is not necessary to preserve the format of the data but the number of values in the monthly block must not change.  Replacement values must be acceptable as numbers. 
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Catalogue

This provides a catalogue of all the files of a particular type in a single sub-directory (folder).  File/Open just one of the files of the type to be listed and the program will provide a catalogue of the data content of all files of that type.  Two sets of start and end dates are given: the first set refers to start and end of the file and the second refers to the start and end of useful data.  The percentage completeness of data in each file is also given.

The program will also output a file of the form "Extension.CSV", where Extension is the appropriate HYSIM extension, for example DRF.CSV would be a list of rainfall files.  The location and name of this file are confirmed in the bar at the bottom of the window as shown

The Catalogue is a very useful facility for keeping track of progress in rainfall data processing in particular.

Consecutive

This enables the data from two files to be combined.  There are two options: intelligent and consecutive.  In the first case one file is assumed to be primary and the other to be secondary.  If the first file has data this will be used, if not, data from the secondary file will be used.  If neither file has data for part of the period, then the file will be padded out with the missing data indicator. 

In the second case, only files that are chronologically contiguous will be used.  This can be used to make sure that only one source data applies to each period.
Modify

This option allows a file to be modified in one of three ways:
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If a file is truncated then data before and after the specified new dates are not included in the new file.  This might be done if there were two nearby rainfall stations with an overlap in the records. 

If a file is expanded then the selected ‘missing data’ code (e.g. –999.9) is given to every date between the start and end of the file and the new specified start and end dates.  This option could be used if two nearby stations had a gap in their record and a chronologically complete record was to be created.  It is possible to expand a file at one end and truncate it at another. The value given does not have to be a 'missing data' code but could be a constant value for, say, a sewage treatment plant discharge.

The scale option allows application of  a conversion as shown.  Just enter the required values of ‘a’ and ‘b’.  This could be used to convert units of data or produce a file of water levels based on a linear relationship between groundwater storage and level.  

Simulated and Observed flow

This is, in effect, a specialised case of the "consecutive" option, with the observed flow being treated as the primary value and the simulated as the secondary. 

Reservoir inflow

In many water resource studies of reservoirs, an inflow record is needed to calibrate HYSIM but inflow is not measured. In such a situation it is often possible to calculate the inflow records from other data (change in storage, outflow, reservoir spill, etc.) When flow data have been calculated in this way the resulting data tend to be unstable over a daily time step due to small errors in reading reservoir level, as a result of wave effects and wind fetch for example, with very large positive or negative values being common.  In some cases reservoir levels are only available at a weekly or other time step. Records derived from reservoir storage are therefore often unsuitable for calibration. If there are large artificial variations in flow, or flows appear to be constant over a week, it would be not be advisable to calibrate HYSIM to that record; the derived parameters would be ones which tried to represent the unnatural characteristics. 
For more background on calculating inflow using reservoir records see Appendix 4 “Reservoir Derived Inflow”.

However the levels are measured, the relative effect of errors is less significant over longer time period, for example 1 month. HYSIM makes use of this fact to provide a way of getting a usable flow record for calibration. It is a three stage process:
1. Make the best estimate you can of suitable parameters and run HYSIM without calibration producing a DSM file.

2. Import the flow record derived from reservoir data, typically prepared using a spread sheet, as a HYSIM DFL file. Before doing this it is advisable to examine the record carefully and not rely on HYSIM to correct all the errors. Some sudden changes in calculate inflow may be due to obvious reasons, for example an obvious decimal point error in data entry.
3. Use the Tools>File Handling>Reservoir inflow facility. 
	[image: image2.wmf]



You first have to open two file, the DSM file of simulated flow and the DFL file of reservoir derived flow data.
When you click on File>Save the program will produce a new file which will use the monthly totals derived from the reservoir data but in which the daily flows are distributed in the same proportion as the simulated record.  This flow record can then be used for calibration. It is sometimes necessary to repeat the process using a new simulated flow record derived from a first calibration of the model. One reason this may be necessary is that if the initial groundwater recession rate was not correctly estimated, the flow record produced by this process with show a step at the end of months in summer.

The algorithm also has a further phase which is to ensure that the record produced for calibration has the same long term mean as the reservoir derived record. It may be that by ignoring partial months in the first phase of the process some difference could occur. These are corrected in the final phase.

There are three “Reservoir options”:

1. Modify all months. Use this option if many of the months are incomplete but have data for many days in such months. 

2. Modify complete months. Use this option if the data set derived from the reservoir calculations is substantially complete.

3. Modify only months with negative flows. Use this option if reservoir derived record looks to be reasonable but with only a few negative flows.

There are two “Infill Options”:

1. Set negative months as zero. Use this option if months with negative flows are rare and/or the negative values are small relative the average flow. This might for example happen in a catchment with no base flow in summer.

2. Set negative months as missing. Use this option in cases not covered by point 1 above.

At the end of the run the program outputs he calculated mean flow. This should be checked to ensure it is compatible the data that have been input.

It could be considered that using a simulated record to calibrate HYSIM to then produce a simulated record is a circular procedure and that errors in the initial parameter estimate would be replicated in the final record. There are two arguments which can be used to justify this approach:
1. Many of the characteristics of the final simulated flow record are derived from the reservoir data so the influence of the first simulated record is only partial.

2. Records are only produced in this way for studies of inflow to reservoirs where the importance of the daily distribution of flows is of not of great significance.

Parameter conversion

This option allows conversion of an ‘old-style’ (for earlier DOS-based versions of HYSIM) parameter file to the format required for the current Windows version.  The new file has the same name as the old file and the old file is renamed as "oldname.~PA"

CDA conversion

The .CDA file is no longer necessary (see ‘Compatibility eith earlier versions of HYSIM’ in the ‘Some key facts’ chapter).  It was used to store all data files for a Project in a single file.  HYSIM now collates the data for itself by using the pointer information given in the Project file.  This option merely recreates individual data files by splitting the contents of the containing .CDA file.  The new files assume the name of the .CDA file.  

Snow conversion

To understand exactly what this option does and why, it is necessary to explain a little of how HYSIM deals with the snow/snowmelt problem.  It is a problem because there is a paucity of data relating to either process and inference has to be drawn from weather reports or other climate data in order to instruct HYSIM.

HYSIM uses data on snow and potential snowmelt to run a simple snowpack model.  Each day of snowmelt reduces the snowpack and the melt enters HYSIM as if it were rain.

The ‘old’ way of indicating that rain data should be interpreted as snow was to make the value negative in the .CRF (catchment average rainfall) file.  When snowmelt was calculated to occur, a .DSN (potential snowmelt) file could be created by hand with estimated values (mm) being entered on days when snowmelt was reported.

The new procedure uses the .DSN file for both purposes.  If snow occurs on a certain day, a value of –1 is written to the .dsn file.  If temperature data are available, it may be possible to construct a complete .DSN file and –1 values are automatically written to any day for which there is no potential snowmelt.  Days when snow melt would have occurred have a positive value.  Even if a data set has positive values throughout the summer this not a problem as snow melt will only take place until the snowpack is exhausted.

Precipitation values from .CRF files (now always positive) are interpreted as snow if there is a –1 for that day in the .DSN file.

The ‘Snow Conversion’ option allows old-style .CRF files to be converted either alone or in conjunction with a .DSN file. 

Import to HYSIM

ASCII (TXT) to HYSIM

This allows importation of a wide range of text files into HYSIM.  There is a particular form of text file (.SCF format) which is widely used in the UK; the next option (see below) allows direct import of such files.  For most file formats and for continuous data sequences the template method enables the import to be achieved painlessly. The input data can be a time step of less than a day, daily, weekly or monthly.  The output is a file of data in HYSIM format.  When data are imported from a monthly or weekly source file, they are either divided by the number of days in the data period (if the data are totals) or the same value is repeated (if average rates).  The data must be complete, in the sense that there must be a number for each data item though that number could be, say, -999.9 indicating missing data.

The data import module uses an import template.  This describes the order of the data and any extraneous information, such as headers.  If data are to be imported from several files of the same type, the template can be saved as a .TPT file.  Effectively the template is used to define what information in a file is data and what information can be discarded.
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To start, go to the File menu and open a data file.  If data of the same type have been imported before and a template has been created then open the template file as well.  When the data file is opened, the first few lines are displayed in the text window.  The example shown above is of daily temperature exported from an Excel spreadsheet in .CSV format (ie with commas separating the date field from the value field on each day).  If the type of data is not listed (top left of window) then choose a ‘similar’ type but remember to change the file extension later.  A similar type would be one which uses the same method of estimating daily values from weekly or monthly data ie either a total (to be divided) or an average (to be repeated for each day).  Temperature data would be like discharge data in this respect rather than rainfall or PET data. 

The start date is the starting date of the data to be converted.  Whilst many data formats include the date, the variety of formats is so great that it is not possible to allow for them all in a general-purpose program.  This date is important; if the data are grouped in, say, monthly blocks then the program calculates the number of days in the first and subsequent months based on that information.  It is easy to see that, if the starting date is wrong, the dates calculated by the program would soon get out of phase with the dates of the data.  

The data should also be complete and consist of chronologically sequential data items.  If there is missing data in the file to be imported, it is important to know what code value is used to indicate it and to enter that value in the box provided.  HYSIM uses a value of –999.9 in its own files.

The standard HYSIM format begins with a header line which is normally a brief description of the data in the file  e.g.  Broadwindsor (Met Office 352056) rainfall.  This title line should be entered in the file header box.

The next step is to select the structure of the data to be imported. The seven possible structures are:

Short time step.  The file for this data has a more limited acceptable range of formats than the other data types.  It can have header lines to the file but there must then be one line for each data item, though these can have numbers before and after the data value.  Specify the number of data items per day in the box provided.

Daily data.  This would be a file, which could contain a file header but have no internal structure – see Example 1 and the example in the picture above.

Daily data - monthly blocks.  This would be a file, which had data in monthly blocks.  It might include header lines to the file and also header and trailer lines for each month.  See Example 2.

Daily data - annual blocks.  In this case the file might have header lines at the start of the file and for each year of data.  Then would follow 365 (or 366) values of the data before the next year header.  See Example 3.

Weekly data.  As the 7 days of a week do not correspond exactly to any other calendar division, it is assumed that there are no headers for year or month. 

Weekly Data - annual blocks.  One data format has 52 weeks of data for each year.  Although not strictly chronologically correct this type is allowed for.  See Example 4

Monthly data.  This option can import monthly values both with and without an annual structure.

The data items to be discarded are defined in the 10 boxes marked Header and Trailer that can be applied to data for each file, year, month, week or day.  In the case of short time step data, enter the values for each time step in the daily boxes.  A 'header' is any extraneous information that is given before an item; a 'trailer' is any extraneous information that is given after an item.  A header or trailer may consist of a complete line, a word or a number.  To specify a header line enter an l (or L) in the box.  The program will read and ignore a complete line.  To specify a word enter w (or W); a word is any sequence of letters or digits which is not a number.  To specify a number enter an n (or N); a number is any valid number.  Codes can be mixed and combined; for example LNN would specify a line followed by two numbers.  The examples which follow illustrate some of these variations.

Example 1 : Daily Data

"STATION REF.   ","123456"

"M.O.  GAUGE REF.","654321"

"STATION NAME   ","Casterbridge"

"Year, Month, Day, Hour, Minute, Second, Rainfall, Quality"

1972, 6, 1, 9, 0, 0,    0.000,  8

1972, 6, 2, 9, 0, 0,    1.700, 10

1972, 6, 3, 9, 0, 0,    1.300, 10

1972, 6, 4, 9, 0, 0,    4.000, 10

1972, 6, 5, 9, 0, 0,    5.000, 10

1972, 6, 6, 9, 0, 0,    1.200, 10

This example has a string of daily data with no defined annual data structure.  The template definition would be:



To file:

Header

LLLL



To day:

Header

NNNNNN



To day: 

Trailer

N

This specifies that there are 4 lines to be ignored at the start of the file, 6 numbers to be ignored at the start of each day's data and one number to be ignored after each day's data.  This type is the same as the Rainarc spreadsheet format.

Example 2 - Daily data - monthly blocks

Daily flow ‑ River Styx at Dis

1 1973 12 1978

1973 12 31

 1.430   1.580  1.214  0.945  0.854  0.756 ‑1.000 ‑1.000

 ‑1.000 ‑1.000 ‑1.000 ‑1.000 ‑1.000 ‑1.000 ‑1.000 ‑1.000

 ‑1.000 ‑1.000 ‑1.000 ‑1.000 ‑1.000 ‑1.000 ‑1.000 ‑1.000

 ‑1.000 ‑1.000 ‑1.000 ‑1.000 ‑1.000  0.542  0.476 

1974  1 31

  0.443  0.443  0.446  0.458  0.570  0.947  1.439  2.205

  1.422  2.003  1.757  1.200  1.297  1.297  1.696  3.666

  2.009  1.378  1.117  0.958  0.856  0.789  0.757  0.759

  0.776  0.844  0.950  1.000  0.964  1.048  0.992

1974  2 28

  0.890  0.890  0.795  0.861  1.389  1.321  1.021  1.055

  1.062  1.556  9.119  2.767  1.456  1.059  1.530  1.452

  1.102  0.958  0.905  0.869  0.823  0.791  0.746  0.706

  0.683  0.662  0.645  0.678

1974  3 31

This would be defined as:



To file:

Header

LL



To month:
Header

L

That is, two lines to be ignored at the start of the file and one line to be ignored at the start of each month.  In this example -1 would be entered in the missing data box.

Example 3 - Weekly data
Potential evapotranspiration at Hoggle End

1974 ,  1 ,    2.8

1974 ,  2 ,    2.9

1974 ,  3 ,    3.4

1974 ,  4 ,    3.6

1974 ,  5 ,    4.3

1974 ,  6 ,    6.3

1974 ,  7 ,    5.4

1974 ,  8 ,    8.7

1974 ,  9 ,   10.3

1974 , 10 ,   11.4

1974 , 11 ,    9.8

1974 , 12 ,   13.0

1974 , 13 ,   17.2

1974 , 14 ,   18.4

In this example the definition would be:



To file:

Header

L



To week:
Header

NN

The file would continue with the same format without any division for year end or month end.

Example 4 - Weekly data annual blocks

WEEKLY MORECS DATA FOR SQUARE 147

     WEEK           P.E

    ENDING         GRASS

    3   1  61       2.9

   10   1  61       2.5

   17   1  61       1.6

..  ..  ..       …..

..  ..  ..       …..

..  ..  ..       …..

..  ..  ..       …..

..  ..  ..       …..

..  ..  ..       …..

   28  11  61       3.2

    5  12  61       3.3

   12  12  61       3.3

   19  12  61       1.7

   26  12  61       1.4

 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

  TOTAL/MEAN      604.5

WEEKLY MORECS DATA FOR SQUARE 147

     WEEK           P.E

    ENDING         GRASS

    2   1  62       0.9

This file has weekly data for which 52 values per year are given.  In this case the template definition would be:



To year:

Header 

LLLL

To year:

Trailer

LL



To week:
Header

NNN

Example 5 - Undefined structure

This file has been included to show an example of a file that cannot be converted directly by one of the options in HYSIM.  Its structure consists of three 8-day blocks of data followed by one block with as many days' data as are necessary to complete a full month.  The best way to deal with it might be to import the file to a spread-sheet and write it out again leaving out the first three numbers on each line.

Stn Nr : 007088  River Axe at Thorfell

Mean Daily Discharge (cumecs)

1961 10  1   1.84   1.76   1.67   1.95   2.24   2.01   2.01   2.01

1961 10  2   1.84   2.01   2.01   1.93   1.78   2.01   2.01   1.95

1961 10  3   2.92   2.63   2.58   4.08   3.91   3.91   4.16   3.51

1961 10  4   3.20   2.80   2.69   2.75   2.69   2.58   2.69

1961 11  1   2.69   2.75   2.80   2.83   2.72   3.17   3.03   3.23

1961 11  2   3.09   2.97   3.03   3.17   3.37   3.77   2.58   3.09

1961 11  3   2.97   2.95   2.95   2.95   2.92   2.95   3.03   2.78

1961 11  4   2.95   3.00   2.95   2.95   3.09   4.22

1961 12  1   3.40   3.26   3.20   3.51   3.63   3.51   3.43   3.46

After setting up the template, click on Run/Import to convert the data.  Once the import has been completed a sample of the converted data set will appear in the text window.  Note that the resolution of the data is not degraded by the import; the display in the window is shown to 1 decimal place purely to fit it in.  As already mentioned, it is most important to check the dates in the imported file.  For example, an error in the start date of the original data set can cause leap years to get out of phase and year values like 1999 can mysteriously appear as a rainfall value!

Now File/Save Data File to save the data file, which will automatically be given the appropriate HYSIM extension and, if there are more files of the same type to import, click File/Save Template.

SCF to HYSIM

This is a special case of a text file import and deals directly with the .SCF export files produced by Rainarc and HydroLog, two data management programs in wide use within the UK.  It contains information in its header block which reduces the demand on the user and, if rain data, follows the convention that if rain is only recorded on the last day of the month it represents the monthly total. In such a case HYSIM stores the monthly total as the 32nd value for that month.

Some cases have been found of .SCF files not being of the usual standard form so the structure should be checked carefully.  The conventional file has 21 header lines at the start of the file then comprises daily data with 6 header values and 1 trailer value on each line.  If not quite standard, a file can be imported as from ASCII text (previous option).  It may sometimes be convenient independently to edit the file to remove some or all header lines.

Column format

This option can be used to import data in columns from a text or CSV file. It can be used where one of the columns contains date information which, unlike the import text file option, does not have to be consecutive. The date must be in the first column and the data must always be in the same column throughout the whole data file.

The program starts by analysing the file. To do this it has to read the whole file so it may take a few seconds; you can view the progress at the base of the form. When it has finished it will enter its best estimate of the values for number of header lines, data column and missing data indicator. At this point you can change the information.

You set a factor to be applied to data to change the units, for example from Ml/d to cumecs.

You then click on run/import to import the data. The summary of the file in the sample output text box will change from the original text file to a summary of the imported information.

If the import has been performed correctly then save the data file.

Special imports

There will always be cases where a simple import is not possible.  An example is where rainfall data have been coded to mirror the conventional year summary sheet with 12 monthly columns and the monthly total in Row 32.  Although such data can be imported to a spreadsheet and a macro written to rearrange them, a more direct approach is to convert directly to HYSIM format using a special program.  Water Resource Associates can provide such conversion routines on request.

Export from HYSIM
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HYSIM to CSV

CSV (comma separated value) files are a standard form of file which can be imported into most spreadsheet packages.  This option allows a period of data to be selected from a specified HYSIM file of any (non-text) type and output as daily , select data values from the file and produce a daily, monthly or annual output file. With this option it is possible to manipulate and present data within the spreadsheet in a variety of ways:

· Plot different types of data from different files on the same plot (e.g. rainfall and flow).

· Select periods of plotting other than the one year used as standard by HYSIM.

· Perform calculations on data from HYSIM files.

Among the options available in the dialogue box (illustrated alongside) are:

· Selecting output time step - for example daily data can be output to a monthly time step.

· Outputting only the data, or the data and number items, in the chosen time period.

· Setting the identifier code for missing data.  The default is a blank as this facilitates use of the data for plotting in a spreadsheet.

· Choice of date format.  The default is yyyy-mm-dd but other options may be needed in countries where different data formats are standard.

After opening a HYSIM data file the period to be output is selected.  This could be used, for example, to output data in detail for a particular period.  If the data file has more than one variable, those required for output are selected.

Choose File/Save As to export the data and save the file.

HYSIM to MODFLOW

MODFLOW is a widely available hydrogeological model.  HYSIM calculates recharge to groundwater and this option extracts the values from the resulting moisture transfer file (GMT).  The file is saved as an .XYS file with either a daily or monthly time step.

HYSIM to ISIS

ISIS is a widely available hydraulic model.  Discharge sequences can be extracted from various HYSIM output files (.GSM, .SRO, .STF) and used either as input to ISIS at the upstream boundary of that model or as, in effect, lateral inflow.  It is necessary to enter the catchment area in km2.  A file is written with extension .HFL.

HYSIM to weekly

This option will export data in a DSM file to a simple text file with one column for the year, one for the week number and one for the data. The data file will start on the first of January. The data will be output with 52 weeks per year, the last week being the average of 8 or 9 days as appropriate.

HYSIM to WRAPSIM
To export from HYSIM to WRAPSIM. Open a DSM file. Select the period of data you require. Save the file as and file with the INF extension.
Rainfall

Reminder – the options accessed though Tools / Rainfall may also be found under the Rainfall button directly.

Mean

This option calculates the weighted average rainfall for a catchment.  It can also be used to calculate the average of several gauges as a control for double-mass plots.

Choose File/Open to list available files of specified type.  [There is a known conflict with some version of Windows with selecting files of more than one type as is the program’s intention at this point - it may be necessary to type ‘*.* ‘ (for all files) or ‘*.irf’ (for infilled daily rain data files only) in the File Name box and then to double-click on the apparently-selected folder before a list appears.  Do not enter *.irf in the Name box and then press Enter!]  

When a list appears, the rainfall files required may be opened using the normal multiple choice option (i.e. holding down the control key).  Click OK when all files selected.
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When the files have been opened the screen shows a list of files and a space for the weight.  As each file is given a weight, the total weight is updated.  The default weighting is equal as shown here.

Choose File/Save As and give the catchment rainfall file a title; it will have the extension CRF.

Before writing, the program checks that the total of the weights is 1.0.  A warning is given but may be ignored if there is a good reason for the catchment rainfall to be adjusted (e.g. if all raingauges are at low level but much of catchment is at high level).  

It is important to realise that Mean will only work with data files that have no gaps.  Gaps should first be infilled using the next option
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Infill

This option allows gaps in the rainfall data record from a number of sites to be filled by correlation between them.  The program does this as follows:

· Reads the data into a monthly array of data from all stations.  If there are more than 25 days with data, then the total for those days is adjusted pro-rata upwards to give the month's total.  If only the monthly total is known then all the items have the value -999.9 for each day and the monthly total is given as the 32nd value.

· Calculates a matrix of rainfall totals for concurrent periods for all pairs of stations.

· Uses the above totals to calculate the ratio of the totals for all pairs of stations.

· Uses these ratios to estimate the errors in the relationship between all possible pairs of stations.

· Infills the monthly data using whichever station with data gives the lowest error and which has not itself been infilled.

· Infills the daily values to give the monthly total as calculated in previous stage with the daily fall adjusted pro-rata using a station with daily rainfall selected on the same accuracy criteria as for monthly data.

The process is controlled by two criteria: the minimum acceptable correlation coefficient and the minimum overlap (in years) between a pair of stations.  Both may be selected and may need to be reduced from their default values of 0.5 and 5 years respectively before an infilling exercise is completed.

Infilling can be done in stages using subsets of gauges with the aim of retaining as much of the original spatial variation as possible.  It is difficult to prescribe a system which will be universally applicable.

One of the problems with this stage is the number of files which may be created.  IRF files may require renaming back to DRF so that they may be combined in new groupings with other DRF files.  It is an exercise requiring careful file organisation.

Only DRF files can be selected for infilling.  The infilled files will have the same name as the DRF files but with the extension IRF (for infilled rainfall).

There is also an anomaly in the way in which Visual Basic deals with file names when selecting multiple files. The anomaly does create errors in the output files but does effect file naming. Any names with a space are converted to the DOS format of up to 12 characters for the file name and three for the extension. To avoid this any spaces in the names of rainfall files should be Converted to underscore. For example “Hatton Grange.drf” should be renamed “Hatton_Grange.drf”. If this is not done the output file would be called “Hatton~.irf”.
Correction

This option corrects for periods when a gauge has been catching more or less rain relative to recent periods.  The best way to use this method is first to do a double-mass plot of the station being tested against either a station known to be correct or, preferably, the average of several stations.  An alternative, preferably only to be used after graph plotting, is to use the points of inflection option described below. The file selection procedure will be the same for the double-mass plot (for which see Graphics chapter) as for this option.  First select the file to be corrected.  Next select the file for comparison.  Typically the file to be corrected would have been infilled (with the extension IRF) and the file for comparison would be the average of several files (with the extension CRF). 

Next select how many points of inflection, number of changes, there are in the double-mass plot (up to three allowed).  For each of these enter the month and year at the end of a period of consistent rainfall.  The first period starts at the start of the common period of the files and continues up to and including the first month given.  The next period starts at the month following the first month given and continues until the next given month or until the end of the common period of the files whichever is first.

The program analyses the data and displays a message with the ratios that it has calculated.  These ratios assume that the most recent period is correct.  The ratios for earlier periods are the mean for that period for the station to be corrected, divided by the mean for that period for the station for comparison, divided by the ratio for the most recent period.  The correction factors applied will be the inverse of these ratios.  Processing may be abandoned at this stage or factors changed before proceeding.  The corrected file will be given the same name with the extension '.XRF'.

Remember that a double-mass analysis should have been performed (or there should be other good evidence for a required adjustment) before running this option.  The steps required in completing the dialogue box begin as usual by opening files and are then prompted by text at the bottom of the box.  Remember to save after Run/Start.  F1 help is available.

Compare

This option analyses two rainfall data files using a technique known as coincident rain day analysis. It is based on the ratio:

Number of days with rain at both stations / Number of days with rain at either or both station.

In this implementation the number is based on calendar years.

The ratio will be one if rain falls on exactly the same day at both of the stations. The ratio will be zero if rain never falls on the same day at both stations. Typically, for the UK, the ratio will be around 0.7 for stations which are close together. If the files have data for unconnected years, the ratio will be around 0.3 (due simply to the fact that if the number of rain days exceeds 50% of all days there is bound to be an overlap of days with rain at any pair of sites). If one of the stations has rain which is one day out of phase with the other ratio will be around 0.5 (this ratio is higher the preceding as the chances of rain on a given day are higher if rain has fallen on the previous day).

The program calculates the ratio for each calendar year with data at both stations in three ways: comparing values for the same day and also with values for the second station advanced by one day and lagged by one day. It then flags years with suspect data for one of three possible reasons:

1. The best ratio is obtained when one data set is lagged or advanced relative to the other.

2. The best ratio is less than 0.35.

3. The best ratio is greater than 0.98.

These checks identify three possible errors:

1. If data have been entered on the wrong day; a common error with inexperienced operators as rainfall when measured at 9 am should be entered as having falling on the preceding day but this is not always done.

2. If the data are unconnected; for example, data for the wrong year has been entered, or if the data record has unnoticed missing data and the values have got out of phase by a month or more.

3. One station has been infilled in an unsophisticated way using data from the other.

To use this method you have to compare pairs of files. If one station has an error this will soon start to show up as years with suspect data will be flagged whenever this station is compared with other stations which are correct.

You can also establish a threshold to exclude small rainfall events. This may help if different observers appear to interpret small amounts of rain in different ways. If the threshold is set too high the number of events in a year will reduce and the ratios will not be as stable.

You can either print the results or save them to a file. The file has data for all years.

To correct the problems, export the suspect data file and the one believed to be correct to CSV format. Import them to a spread-sheet and compare the values for the doubtful period. If data for one site are found to have been moved by one day shift the values in the spread sheet, save as a CSV file and import to HYSIM as a text file. Be careful doing this as whilst manipulating data and then exporting, blank columns may be left in the file which lead to superfluous commas in the CSV file. To avoid this it is better to cut and paste the corrected values to a new worksheet and save that.

Point(s) of inflection

A common method of checking long-term consistency of rainfall data is to perform a double-mass plot, comparing one rain gauge with the average of a group of gauges. If the resulting plot is a straight line the station can be considered to demonstrate long-term consistency; if there is a marked point (or points) or inflection the station's data is not consistent and should be corrected.

As part of the graphics routines HYSIM provides for double mass plots. Sometimes it is difficult to identify the exact date (or dates) at which the gradient of the line changes; this component allows you to estimate it mathematically.

One method to check the long-term consistency of a single station against time is the cumulative departure from the mean. This is normally plotted with years as the horizontal axis and the cumulative departure as the vertical axis. For the first year the cumulative departure is given as:

Departure(1) = R(1) - Rmean

where:

Departure(1) is the cumulative departure for year 1.

R(1) is the rainfall in the first year.

Rmean is the average annual rainfall.

Although, for simplicity, I have used years as the basic time step in the above example any time step could be used. In HYSIM a monthly time step is used.

For subsequent years the cumulative departure is given by:

Departure(n)= Departure(n-1)+R(n)-Rmean

The resulting plot starts and ends with a departure of zero, if the plot shows a generally rising trend for part of the period these years were wetter then the average and vice versa. The maximum or minimum of the graph shows the year at which the trend is reversed.

This method has been adapted to identify the point(s) of inflection of a double mass plot. In this case two data sets are used. One for the station being tested and the other for the average of a group of stations. In this case the first point is:

Departure(1)= Ra%(1) - Raverage%(1)

Where:

Departure(1) is the cumulative departure for year 1.

Ra%(1) = Rainfall at site "a" expressed as a percentage of the total rainfall  at that site the period of analysis.

Raverage%(1) = Rainfall for the average of a group of stations expressed as a percentage of the total average rainfall  for that group of stations for the period of analysis.

For subsequent years the cumulative departure is given by:

Departure(n)= Departure(n-1) + Ra%(n) - Raverage%(n)

As with the cumulative departure from the mean the plot will start and end at zero. Any maxima or minima will show the year when the gradient of the line changes. In effect the graph shows the rate of change of gradient. The plot is not actually output by HYSIM but the maxima and minima are identified and used to estimate the date of points of inflection.

This method should not be used without first plotting a double-mass plot and checking that there is a clear point of inflection. Although the algorithm has been set up to identify "significant" changes it tends to err on the side of over sensitivity and should not used in isolation. When a point (or points) of inflection has(ve) been identified then the rainfall correction component should be used to modify part of the record of the station to ensure long-term consistency.

Drought 

Introduction

This component is used to provide a data set for a drought of a given return period and duration. The data will be for both a "rainfall" and a "PET" drought. It is intended to be  used in a “predictive” mode to answer the question “Given the current state of the river what will happen if we have a drought of a given return period?”. To use it you need to maintain up-to-date files of rainfall, PET and, for calibration purposes, flow. It is however possible to start the drought for any year in the data set to test the model and get practise in using it.

Re-calibration

Before using this option for drought prediction you will have to re-calibrate HYSIM. Whilst ideally you would like HYSIM to simulate the same flow as the observed flow at the time of the prediction it would be unwise to force the model to simulate the exact flow on a particular date at the expense of the “information” on catchment response built up over a much longer calibration period. It is suggested that the model be calibrated over at least 3 months in the period leading up to the month of the prediction. 
If the catchment has a significant groundwater flow it is however important that this is accurately simulated. It is also likely that if HYSIM is being run in drought prediction mode then the river will be in recession. In this case to get the groundwater simulated accurately it might be necessary to adjust the model’s parameters manually by changing the permeability at the base of the lower horizon to get a good fit.
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Generate drought profile

It is necessary to produce a rainfall and PET file. The method used is to calculate all droughts of the given duration in the file. Overlapping droughts will be included if the duration is more than 1 year. The design droughts are calculated using the log-normal distribution fitted by moments. Droughts are calculated separately for rainfall and PET.  It might be argued that other distributions or methods of fitting might be more accurate and also that the calculation should have taken account of combined probabilities of rainfall and PET droughts. However is should be remembered that the basic aim is to give an indication of  what might happen if a drought continued, then approach could be considered acceptable.

The first step in producing the drought is to open two data files. One for rainfall and one for PET. The rainfall files will normally be in the 'crf' format and the PET file will be in 'dpe' format. Until these two files have been opened you cannot use any of the other options.

You have two basic options: to use a statistically derived drought or a historic (i.e. observed) drought. If you choose a statistically derived drought you have to define the start day and start month. If you select a historic drought you have to select the year as well. In selecting you need to scroll down the list and then click on the value. By default the start day and month are the day when the program is run.
You should note that simply using the arrows to choose an item in the list is not enough. You have to click on the item in the list. It will then appear in the text box above.

You can choose a return period.  The standard options are 5 to 100 years or an average year but you can enter any year from 5 to 1000 years, even if it is not on the list. If you choose “average” as the option then the statistically derived drought will be an average drought. If you chose “historic” then the observed drought will be inserted. The same return period applies to both rainfall and PET.  You also have to choose the duration of the drought from 3 to 36 month. 

When you have opened the files and selected the options click on “Generate profile”. This will fill in the table below with the maximum and minimum droughts for the given return and the year when they started and also the value drought for the given return period. At this stage no files have been produced. What has been done is to establish the profile for producing the files. This profile will later be scaled up or down to produce a drought of the desired return period. Whilst it is possible to generate a full range of drought using a given profile it would obviously sensible to use a range droughts similar to that used to obtain the profile. For example, to examine droughts from 10 to 50 years return period use a 20 year drought for the profile.
In the statistical option three possible droughts of the defined duration and closest to the defined return period are identified. The monthly rainfall is based on the average of these three droughts. This determines the monthly profile. The daily profile is based on the daily rainfall whose monthly values is the closest of the three and which also has non zero rainfall. Note that if you want a particular profile you can used the “historic” option.
Simulate drought

The next stage is to simulate the drought. At this stage you cannot change the start and end date or the duration of the drought. You can however change the return period. The objective of this is to allow the same profile to be used for a range of return periods and to compare the outcomes. You also have to select the year for which the drought will be inserted in the data set. 

The program will automatically create two files, one for rainfall and one for PET. The name of the file will be a function of the starting month, return period and duration. The files will be in same folder as the original rainfall and PET data files. The name given to the files is of the form “Start date”+ “D” + Duration + “R” + return period. For example a file with the name “050506 D 3 R 10” would start on 5 May 2006 for a duration of 3 months and a return period of 10 years.
The files are created in the following way. All the existing data is copied to the new file. The average rainfall or PET is added from the last day with data until at least three full years after the end of the data. The drought data is then inserted at the chosen date for insertion. If you are testing how the prediction would have worked in a past drought this could be any date in the past. If you are using HYSIM to predict what will happen during an ongoing drought it will the day after the last date for which you have current data.

It should be noted that  to use HYSIM in this mode requires that data on flow (for updated calibration), precipitation and PET need to be observed regularly.
PET 

This component calculates monthly PET using the Penman formula. It allows for soil heat flux.

You have to open four data files for:

Mean monthly temperature in degrees C.

Mean monthly wet bulb depression at 9 am in degrees C.

Hours of sunshine as average hours per day.

Mean monthly wind speed at 10m height in knots.

The data have to be in correctly formed WRA transfer format files.

When have opened the files click on run start to calculate the monthly PET.

You can save the date in WRA transfer format and/or as a HYSIM 'dpe' format  file.

PET - Scotland

A special version of PET calculation was prepared for Scotland. The PET option, which includes computation of daily PET and potential snowmelt values, is not always available.  It is available only when the following are present in the same directory:

· A time series of daily mean temperature.

· Monthly climate data for a number of stations.

· A list of those stations and their characteristics.

· Details of regression equations allowing monthly climate data to be estimated at any site in terms of site characteristics.

Water Resource Associates has carried out studies leading to the provision of such details in certain regions of the UK.  Where such a study is not available then the normal procedure is to import monthly PET data (see Import ASCII (TXT) to HYSIM) from external sources.
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The process is largely automated and it is outside the scope of this manual to give full details.  First File/Open a .TMT (daily temperature) file from the directory where all the other data (see above bullet list) are also to be found.  Then enter or change the required dates and characteristics as shown in the window.  Then Run/Start to make the calculations.  Finally File/Save and type in a file name.  This name will be used with extensions DPE and DSN to write the PET and potential snowmelt files respectively.

There will usually be one ‘site of estimation’ for each Project (ie corresponding to each gauged catchment).  However, in flat areas where catchments are close together, it may be sufficient to have a single pair of files providing input to a number of projects.  In this case, the ‘site’ should be somewhere central to all catchment areas to be covered.  Some notes on each of the site characteristics:

Site name  

An entry is required here.  Although it has no direct bearing on HYSIM operations (it does NOT prescribe the name of the resulting DPE/DSN files), it does dictate the naming of other intermediate output files which may be useful to some users and for other purposes.  One such file is named after this site name with the extension .PET.  It contains a tabulation of monthly PET values.  A similar file with extension .ATC contains monthly average temperatures for the site location.  It also names a LOG file which gives some details of how the regression equations were applied and which climate data were used.  

NGR

This is the UK National Grid Reference to be given in full numerical form (eastings and northings separately) accurate to nearest 10m.

Distance from coast

This is the shortest distance (in km) from the centroid of the study catchment (or group thereof) to the coast.  If the coastline is severely indented, or there are islands to confuse the issue, it can be a very subjective measure.  The general advice is to not to agonise too much but ‘imagine’ the coast as it might be portrayed on a small scale map.

Elevation

This is the mean elevation, mAOD, of the study catchment (or group).  Again, there is no requirement for great accuracy; a simple average of the highest and lowest points will suffice.

PET - Wales

Background

For the PET calculation a data base was established of data covering the whole of Wales for the period 1918 to the present. For the period up to 1993 these were taken from the Monthly Weather Reports published by the Met Office and after that date the data were purchased directly from the Met Office. For the period 1989 to 1993 data were collected for a larger number of stations to give a wider geographical and elevation coverage.

Using these data, regression relationships were developed for each of the four parameters necessary for PET calculation (temperature, wet bulb depression, wind speed and hours of sunshine) and the three independent variables of latitude, longitude and elevation. Separate relationships were calculated for each calendar month and using both the long-term (1918 to present) data set with restricted geographical coverage and the short-term (1989 to 1993) data sets. In all 96 relationships were calculated.  As, in most cases, the regression relationships were similar with the two data sets, or if there were differences one of the sets was preferable, only 48 relationships were retained (i.e. one for each parameter for each month).

Files

HYSIM uses the files of PET data and of the regression parameters. All of these must be in the same folder. The four regression parameter files are:

reg-dep.csv, for wet bulb depression

reg-sun.csv, for hours of sunshine

reg-tpt.csv, for temperature

reg-wnd.csv, for wind speed.

The parameters are expressed as variation per 100m in either latitude, longitude or elevation.

To calculate PET

To calculate the PET for Wales use the following commands:

Tools/ PET/ PET Wales

You will then see the following screen.
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The different items on the screen are:

Output format

For HYSIM soil heat flux calculations are normally included. These allow for the fact that in spring and early summer some of the incoming heat is used to heat up the soil not to generate evaporation. Similarly in autumn in winter this heat is given back and provides extra energy for evaporation. Leave the default unless for other reason you want PET data.

Longitude and latitude

These must be entered as two 4 digit figures. If you try to enter values outside of Wales you will get an error message. The method is only valid for Wales.

Elevation

Enter the average elevation of the catchment for which data are required.

Result file

Choose a name for the results file. It will automatically be put ion the same folder as the data.

Title for file


This will be the title which can be read in the HYSIM editor.

The procedure is as follows:

1. Open any data file to indicate folder. The file you choose is not important. 

2. Enter the variables on the form as described above.

3. Click on Run/Start.

The calculation can be carried out in two modes, with and without heat flux calculations. For HYSIM you should choose the default “Heat flux calculations included”.
You next have to enter the grid reference of the site you want, or for a catchment a typical point in the middle of the catchment. This is given as two four figure numbers. For example Cardiff would be entered as 3180 and 1750.
You also have to selected the elevation in metres above sea level.
Next you have to open any file in the folder with the regression and climate data. This is just to identify the folder. The program assumes that all the data files are in the same folder.
You can also enter a name for the output file, which will be in HYSIM DPE format and give the title for the file.
When this has been done, click on run/start. The Program will identify the data files it is using. If these are correct click on “Yes”. The program, automatically writes the file with PET data to the same folder as the data.

Options

Log file location

The main HYSIM log file – the one which records all HYSIM activity on a particular calendar day – is, by default, written to the HYSIM application directory.  However, the user may prefer to keep it somewhere else and this option allows the change to be made.  HYSIM imagines that the most likely preference is the 
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directory which has been used most recently for opening or saving files (the ‘Current working drive and directory’) and it displays this.  Change it if necessary.  Then ‘Accept’.

Parameters

Introduction

This is the main Parameters window.  The first step is to open an existing or new parameter file – this picture includes the File/Open dialogue box.  Note that parameter files have extension .PAR.
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Remember that, if the existing file is in the ‘old’ (DOS version of HYSIM) format, it will need conversion with Tools/File Handling/Parameter conversion.

Select an existing file by double-clicking.  Details from the selected parameter file will then replace the default values as displayed initially.  If File/New is chosen, the defaults remain and the first step is to give the new file a Title in the box provided.  When finished modifying parameter values, File/Save or Save As will allow specification of (or, if desired, change of) file name.

The parameter file (a text file) may be saved in CSV form (File/Print to file), reformatted as desired in a spreadsheet, and later printed to form a record.  When engaged in calibration of a number of catchments, this is very helpful in keeping track of progress.  It is a good idea to add notes on the date and time the file was saved and, more particularly, the goodness of fit associated with that parameter set.  Being systematic is the key to a successful HYSIM study and some users may wish to attach such printed output to plotted annual hydrographs of recorded v simulated discharge. 

The CSV version of the parameter file may also be read into Word or other word processing package and formatted as a table.

Some background

As part of the development philosophy of HYSIM, every effort was made to give each parameter a physically realistic interpretation.  Some of the parameters will be readily familiar to hydrologists - interception storage and catchment area for example - but others, particularly those related to soil physics, may not be as familiar.  Since virtually all the rain that is not intercepted by vegetation passes through the soil layers this is unavoidable except in models which perhaps play down this important component. Whilst some of the terms may not be familiar their application is relatively straightforward.  

The parameter file also contains information on the hydraulics of the channels and configuration details such as the data types being used and data frequency

Before starting to use this option, the user will have collated all appropriate data and catchment information (see the starting Work chapter).  A preliminary decision on how to model the catchment in terms of channel reaches and sub-catchments will have been made.  In practice, some other measurements will also have been made before hitting the Parameters button although it is not essential to do so:

· if groundwater is to be modelled then the recession rate should be calculated – see next section for how to do this.

· the time to peak for the unit hydrographs used for those channels too small to be included in the routing component – again, see next section

In the top half of the Parameters window there are some choices which impose default settings when the Model is run ie they can be changed then but it may be easier to set the most commonly used choices here.

· Start of simulation.  Set this to two years before the start of the period to be used for calibration.  This gives a period of time for the model to adjust to unrealistic starting values (of storages and/or flows).  Sometimes the start of flow record is used but, if the record is long or unreliable in early years, this may not be a good idea.

· Start of analysis.  Set to two years after Start of Simulation

The catchment name is entered in the Title text box.  This is used in printed headings of files and has no other significance.

The ‘Read observed flows’ choice should be set to ‘yes’ if there are recorded flows for this catchment.  When the Project file is created it will ask first for the parameter file and, by being made aware of this choice, will know to request the name of a .DFL file of recorded flow values. 

Structure of sub-catchments and channels
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The first step in constructing a parameter file is to decide how many sub-catchments and reaches are needed and to set the correct references and links.  This is the part of the Parameters window concerned

When using daily data, enter a ‘1’ in each relevant box in the third column.  As with the ‘Read observed flow’ choice (see previous section), the presence of non-zero entries in these boxes informs the construction of the Project file.  In the simplest case there will be a single sub-catchment and a single reach – the default entries survive.  There is usually one  time step per day too (both ‘Hydraulic’ and ‘Hydrologic’.

If the hydraulic channel system is to be represented by more than one reach, but with a single outflowing reach, then the ‘reference number of the outflowing reach should be the highest ranked ie numerically equal to the number of reaches.
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The example shows a fairly generous reach description for a single sub-catchment.  This would be a largish catchment.  When working at a daily time scale, the hydraulics component of HYSIM does not have a major impact on timing of flows from catchments less than, say, 500 km2.  It is not ignored but it is sufficient, usually on smaller catchments, to have a single channel.  If and when multiple reaches are used then it is assumed that each reach receives an equal proportion of the sub-catchments generated runoff.  The assumption may be overridden when setting the Hydraulic parameters for each reach – see next section.

In the (unusual) example shown above there are eight reaches and two outflowing reaches.  The reference numbers of the latter are 7 and 8. 
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If there are upstream gauging stations with records which have been used to calibrate HYSIM then the discharge from them may be represented by ‘upstream inflow’ sub-catchments connected by ‘nominal’ inflowing reaches (see sketch).  Note that reaches 1 and 2 are nominal.

If the sub-catchment is not homogeneous, either from the point of view of hydrological characteristics, for example part is heavily forested, or from the point of view of data, for example more snow fall in the higher part of the catchment, then it is possible to divide the physical sub-catchment into two (or three) sub-areas (or zones).  This is done by upping the number of routed (as distinct from ‘upstream inflow’) sub catchments Each has to have its own set of hydrological parameters and its own set of data files.  The number of hydraulic reaches has to be increased in line with the extra routed sub-catchments.  Although it is more complex to set up, the enhancement offers other advantages than simply representing hydrologically distinct zones, for example:

· Location of major artificial influences can be positioned more accurately if the catchment is broken down – the .DSU file concerned would be associated with the sub-area where the abstraction (or discharge) was located.

· Sub-areas need not be actual physical entities.  They can be conceptual representations of dispersed regions (eg forestry on high ground around the rim of a catchment area).  The separate reaches can take various proportions of different sub-area generated flows in order to simulate such a distribution.

The best way of explaining this more advanced use of HYSIM is by way of examples – see Examples chapter.
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Hydraulics Parameters

Clicking the Hydraulics Parameters button in the main Parameters window brings up the window above.  The list box at the top shows just two reaches.  If there were more than two, there would be a vertical scroll bar to view others.  To examine parameters for a particular reach, double-click on the reach number when it is visible.  It is sensible to assign a name of some kind to each reach so that there is never any doubt about which reach has its parameters on display.

In the middle part of the window there are boxes to record the remaining details of channel and sub-catchment connection.  The reach is defined as a routed reach (with hydraulic parameters), as a nominal reach (a device to bring in an upstream hydrograph) or as a reservoir (with alternative parameters).

The topography of the selected reach in relation to other channels and sub-catchments is defined here.  If there are inflowing reaches upstream then the total number of them must be entered.  A corresponding number of text boxes will then appear alongside ‘Reach number’ and the reference number of each inflowing reach should be entered in these boxes.  The reference number of the connected sub-catchment and the proportion of it which is connected to the selected reach are also entered.  The defaults assume that all the reaches of the channel run into one another and that each has an equal proportion of the basin run-off, but of course that can be changed.

When dealing with a routed reach the lower part of the window contains entry boxes for the hydraulic parameters of the selected reach. 

The reach gradient is given as a pure number. For example if the fall is 2 metre per 1000 metres, the gradient is entered as 0.002.
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The sketch defines the meanings.  The roughness factors are Manning’s n values and 

suitable values may be determined from a combination of field inspection and text book.  The default values are suitable in the absence of any other information.  The only other parameter not illustrated in the sketch is the reach length in metres.  This may be estimated from the topographic map.  If the sub-catchment has a single reach then the reach length is the length of channel from the gauging station back up the main branch of the drainage system to a point where the ‘minor channel processes’ represented by the unit hydrograph can be assumed to end.  As has been mentioned before, the role of hydraulics in small catchments with daily data is negligible and, although a notional channel reach and sub-catchment structure is required by the model, the significance of the parameters is small.

If the selected reach is a reservoir, the parameters in the lower part of the window are different:
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The initial storage is specified in m3.

The discharge constant (a) and exponent (b) in the storage (S) v discharge (Q) relationship Q = a Sb are defined.

The average draw-off to supply and the minimum compensation flow are defined in m3s-1.

Note that, when HYSIM is part of an integrated package, it is unlikely to deal with any reservoir modelling.  Also note that the reservoir option was introduced into HYSIM as a way of simulating simple storage operations for reservoirs which were too small to justify separate modelling.

Hydrology parameters

Clicking on the Hydrology parameters button in the main Parameters window brings up the window below.  If there is more than one sub-catchment, double-click on the number in the list box to select the one required.  As with reaches, it is good practice to name each sub-catchment.  With the ‘Data’ tab selected (as above), the sub-catchment type can be selected as ‘upstream flow input’ or as ‘Hydrology simulation’.

The number of data steps per day is entered (usually 1).  If ‘hydrology simulation’ has been selected then the lower part of the window is active and the initial surface and groundwater flows can be entered (in m3s-1).  The figure for groundwater is more important than that for surface water flow.  The accuracy needed for these values is a function of the length of data available for simulation before statistical comparison starts and of the [image: image34.wmf]Moisture transfers (mm/d) - Nunningham Stream
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recession rate of groundwater.  With only a short 'warm-up' and/or a slow recession rate then more care is needed.  Instead of initial discharges, it is possible to give starting values for the storages in HYSIM but this would be for rather special cases outside the scope of this manual.  
If ‘hydrology simulation’ has been selected then the two other tabs, for ‘Basic’ and ‘Advanced’ hydrology parameters, become active.

Basic hydrology parameters
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The Basic parameter set is shown below with the default values of a new file.
Interception Storage

A value of 2.0 mm is normal for grassland and urban areas and up to 10.0 mm for woodland.  The interception storage is the first to be satisfied by incoming rain and to be depleted by PET.

Impermeable Proportion

This parameter defines the proportion of the catchment that can be considered impermeable.  It includes not only roads, car parks etc., but also natural areas of rock and the river itself.  For rural areas a value of 0.02 is typical, and in urbanised areas up to 0.20 or even more.  A good guide is to assume that 25% of urban areas are impermeable.  Its value can be checked by looking at the simulation of small summer storms, where most of the runoff would come from the urban area.  All rainfall overflowing from the interception storage will generate 100% runoff from the impermeable proportion of the catchment.

Time to peak ‑ minor channels

This parameter controls the simulation of the response of minor channels within the catchment (i.e. those not important enough to be dealt with explicitly by hydraulic routing).  An equation which has been used successfully to determine this parameter is that given in the U.K. Flood Studies Report, namely :

Tp = 2.8 (L/S)0.47
Where L is stream length in km, S is stream slope in m/km and Tp is time to peak in hours.  The value used for this parameter should be the average value obtained from 4 or 5 small contributing streams.

Soil rooting depth (mm)

The value of the rooting depth is normally between 500 and 1000 millimetres, but will depend upon crop and soil type.  For example, in woodland the figure could be as high as 5000 mm.  It is this parameter which determines the capacity of the combined (upper and lower) soil storages.

Pore Size Distribution Index

This parameter is one of the most important in the model and controls the way in which the soils respond.  Its value can be assessed from the table below although it is also necessary to make a judgement as to the proportions of each soil type in the catchment and to weight accordingly.

	PRIVATE 
Soil Texture
	Clay Content (%)
	PSDI
	Bubbling

Pressure (mm)
	Permeability

mm/hr
	Porosity
	Residual

Saturation

	Peat
	0
	.50
	100
	500
	.70
	.10

	Sand
	3
	.25
	120
	630
	.40
	.10

	Loamy Sand
	6
	.23
	90
	560
	.41
	.10

	Sandy Loam
	9
	.20
	220
	125
	.44
	.15

	Silt Loam
	14
	.19
	80
	26
	.49
	.15

	Loam
	19
	.18
	500
	25
	.45
	.15

	Sandy Clay Loam
	28
	.14
	300
	23
	.42
	.15

	Silty Clay Loam
	34
	.13
	360
	6
	.48
	.20

	Clay Loam
	34
	.12
	630
	9
	.48
	.20

	Sandy Clay
	43
	.10
	150
	8
	.43
	.20

	Silty Clay
	49
	.10
	490
	4
	.49
	.20

	Clay
	63
	.09
	410
	4
	.48
	.25

	Notes:

1.  These values are based on experimental data.  Some of them are vary in a way which makes it difficult to estimate a suitable ‘average’ when several soil types are involved.  For example, in the case of ‘bubbling pressure’, a default value of 250 should be used unless the catchment is clearly 100% of a particular type.

2.  The ‘Clay content’ and ‘Residual saturation’ figures are not used by HYSIM but are included for completeness.


Saturated Permeability at the Horizon Boundary

This parameter controls the rate at which moisture moves between the two horizons.  Its value can vary from 5.0 mm/hr in clay soil up to 200.0 mm/hr in sandy soils.  The values in the table  should be multiplied by 2.0 to provide starting values although the default starting value of 10 mm.hr-1 is normally satisfactory.  This parameter is normally adjusted during the calibration process.

Saturated Permeability at the Base of the Lower Horizon

This parameter controls the rate at which moisture leaves the soil layers.  In a catchment with no groundwater it should have a value of zero.  In catchments where groundwater is present its value can vary from 1.0 mm/hr for heavy soils to 100.0 mm/hr or more for sandy or gravely soils.  The values in the table can be used as starting values for this parameter although, again, the default 10 mm.hr-1 is suitable.  This parameter is normally adjusted during the calibration process.

Interflow Run‑off from the Upper Horizon at Saturation

This parameter controls the direct, or lateral, run‑off from the upper soil horizon.  It allows for movement of the moisture either directly to channels, in riparian areas, or to land drains in other areas.  Its value is given in mm.hr-1 and  is normally adjusted during the calibration process.  As an initial estimate it can be set equal to the permeability at the horizon boundary or left at the default 10 mm.hr-1.

Interflow Run‑off from the Lower Horizon at Saturation

This parameter controls the direct run‑off from the lower horizon.  Initially it can be set equal to the interflow rate from the upper horizon.

Groundwater recession

The value of this parameter can be assessed by studying periods in a dry summer when little or no rain has fallen.  Its value is given by:

 (q2 / q1) (1/m)
where q1 and q2 are the discharge values at the start and end of the dry period and m is the length of the period in months.  Where the natural recession rate is complicated by groundwater abstractions and/or discharges to the rivers the following is preferred:

((q2 -a + b)/( q1 - a + b)) (1/m)
where a is the net sewage discharge over the period being studied and b is the abstraction rate from groundwater, both these figures being given in the same units as the river flow.  

If there is no groundwater this parameter should have the value of zero.  

Precipitation Correction Factor

This parameter is adjusted to allow for the fact that the rain gauges used may over- or underestimate the true catchment rainfall.  As a standard rain gauge collects less than a ground level gauge this parameter is normally given the value of 1.04.  If there is evidence that the raingauges used are biased, e.g. all in low ground in a catchment with a large range of elevation, then of course a different value can be used.  This factor may be adjusted to force volumetric agreement between observed and recorded flows over a number of years.

Potential Evapotranspiration Correction Factor

Because the measurement of potential evapotranspiration is less accurate than that of rainfall, it may be preferable to adjust this factor to obtain a water balance.  The choice of which to use is discussed further in the Model chapter under ‘Single parameter determination’.

Sub‑catchment Area

This is the area of the sub‑catchment in square kilometres.

Advanced hydrology parameters

[image: image36.wmf]The advanced parameter set is shown with default values.  They are ‘advanced’ only in the sense that, in general, model performance is less sensitive to changes in their values and they tend to be used only in special cicumstances.  However, this is not always the case and users should be familiar with their functions.

Saturated Permeability at the Top of the Upper Horizon

A value of 1, 000 mm.hr-1 has been found suitable for most catchments modelled so far.  This is because almost all land in the United Kingdom is worked agriculturally.  Where this is not the case and clay soils are present then a lower value would be more appropriate, and its value will have to be manually adjusted in the calibration procedure.

Proportion of Moisture Storage in Upper Horizon

This is a difficult parameter to adjust with confidence.  Sometimes information can be found in detailed soil descriptions (e.g. the Soil Memoir series in England and Wales) but it would be unusual to override the default value of 0.3.  If it is found that the model's response to small storms is generally too small, the value of this parameter can be reduced, i.e. the upper horizon will fill up more quickly and discharge sooner. This should only be tried when the urban proportion has been checked.

Ratio of Contributing Groundwater Catchment Area to Surface Catchment Area
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This parameter is used to allow for the fact that the groundwater and surface water catchments may not be coincident.  In the sketch, this parameter represents the ratio of the blue + green area to the yellow + green area.

Proportion of Catchment without Contributing Groundwater

Since it now possible, by use of sub-areas within a sub-catchment, to simulate two different geological types, this parameter is only kept for consistency with earlier versions of HYSIM.

Riparian proportion

In many catchment there will be a permanently swampy riparian area close to rivers where potential evapotranspiration will continue to take place at the potential rate even though most of the catchment is dry. This can sometimes be noticed in very dry periods, flow appears to recede normally in the early part of the summer then to increase in the later part (from August onwards) even though there has been no appreciable rain. A typical value for this parameter is around .02. It should only be used if the phenomena is clearly present.

Porosity

Typical values of this parameter are given in the previous table or, as with other soil properties, more detailed information may be available from specialist publications.  If in doubt, use a default value of 0.48.

Bubbling Pressure

This value represents the capillary suction at the point at which bubbles appear when the soil is being de-watered under increasing negative suction.  The parameter is one of two that control the response of the capillary suction in the soil to the moisture content.  Typical values are given in the previous table but, as the footnote says, a suitable default value for a typically heterogeneous catchment is 250.

Transitional recession
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The recession constant for the reservoir representing transitional groundwater is the ratio of discharge rates (from this reservoir) one month apart. 

The value of the upper (or transitional) groundwater discharge coefficient can be assessed in a similar way as the main groundwater recession constant (see under Basic parameters above), but by extrapolating flows back in time on the basis of the main groundwater discharge coefficient and then using the first expression above but with q values derived from the difference between the total flow and the reverse extrapolated flow.  The sketch indicates the approach. 

If there is no transitional groundwater, this parameter should be set to zero. 

Proportion of Moisture Leaving Transitional Groundwater that enters Channels

This parameter controls the proportion of the moisture leaving the transitional groundwater that enters the channels, the remainder  being allowed to enter the main groundwater storage.  Think of it as the ratio of blue to red areas in the sketch.  If there is no transitional groundwater reservoir, this parameter should be 0.0.

This reservoir can also be used to delay the response from groundwater.  In that case this parameter has to be given a value close to zero ,0.001 for example (if was zero then it would be 'turned off').  This will route all flow through to the main groundwater reservoir after passing through the transitional reservoir.

Interception factor

This is a weighting for evapotranspiration from interception storage.  Moisture from interception storage evaporates at the "open‑water" rate, which is higher than the normal rate for evapotranspiration.  A factor of 1.1 is appropriate for grassland and 1.5 for woodland.

Snowfall Correction Factor

Because a standard rain gauge underestimates the catch of snowfall then this factor should be applied separately when snowfall is being simulated.  It typically has a value around 1.5 depending on the exposure of the gauge.

Groundwater storage coefficient

Not yet implemented.

Project
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Before the model can be run it is necessary to create a new "project file".  This is a very short file that contains details of the data that the model needs to run. 

File/ New project file will open the above form but with all fields (except parameter file) both empty and inactive (greyed).  

Open a parameter file (File/Open parameter file) and the other data files thereby known to be required become active (ie the word ‘None’ changes from grey to black).  

The requirement for files is determined by the entries in the ‘Data frequency’ pane of the Parameter window and by the number of sub-catchments (both inflow hydrographs and separate sub-areas) defined in the Hydrology pane and within Hydrology parameters. If there is more than one hydrological sub-catchment then data files must be opened for each of them even if the data files are identical.  Each sub-catchment must have the same types of data.

Remember that all such changes made via the Parameter window are effective only after the Parameter file is saved and re-opened in the Project window.
The File menu will now include all the necessary commands to open the remaining files.  If there are a number of inflowing reaches and/or hydrological sub-areas, quite a lot of files will need to be opened.  Since only files with the correct extension for the required data type are listed, selection only has to be made from a limited sub-set of files.  As the project file holds information on the drive and folder name of each data file, if a project is transferred to another computer it will normally be necessary to create a new project file.

When all necessary files have been assigned the Project file should be saved (File/Save or Save As).  It is often the case that different combinations of files are required e.g. a version of the Project without any artificial influences or with climate change factors applied to some input data.  Such variations require changes to either or both the Parameter and Project files.  Systematic file naming and careful use of ‘Save As’ is the key to success.  At the risk of being unduly repetitious, it is vital to appreciate that:

· Changes in the Parameter file must be explicitly saved before they can be sensed by the model.

· If the Parameter file is saved under a different name, this must be reflected in a change to the Project file.

· Changes in the Project file must be explicitly saved before they can be sensed by the model.

It is possible to add comments to a Project file - this also helps keep track of changes and the reasons for them.  There is only one line visible on screen at the top of the window but many lines of comment may be entered (use keyboard up/down arrows to scroll between).  It is sensible to limit the length of each line to what may be viewed in the box.

If you try to use a project file created on another computer it is unlikely to work immediately as the project file references data files on particular drive and folder. If HYSIM cannot find the parameter file it will give you the message “Parameter file not found. Are all the data files in the same folder?”. If you know this to be the case click on “Yes”. You will now get the message “Do you want HYSIM to correct the project file?”. Click on “Yes”. Click on File/Save and over-write the original project file. Otherwise you have to create a new project file.

Model
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Preparation for a model run

Click on the Model button and, from the main menu, choose File/Open Existing Project File.  The model cannot run until a Project file has been created and then opened in this way.  Even if there is a Project file open in the Project window, the model will not run until the file is opened from the Model window.

The top part of this window is similar to that of the Parameter window.  The catchment name is lacking but it will be noticed that the name of the open Project file is shown at the bottom of the Model window.  The other point of difference is that, as well as the start and end date information copied from the Parameter file, the start and end dates are given for a) data files and b) recorded flow file.  This helps ensure a valid selection of dates and type of model run has been made.  For example:

· The model will only run over a period for which all declared data types are present.  If the Project file defines the project as needing a surface water abstraction/discharge (.DSU) file then that file must have data from the start to end dates of simulation.  The start and end dates given for the data files are respectively the latest start date and the earliest end date of the (up to five types of) declared data files.

· If ‘Read observed’ (discharge) has been selected then the Start and end dates of the recorded flow data must also match or embrace the start and end dates of simulation.

Choice of model run mode

Recommended modelling strategy

One approach which has been found successful is as follows:

select a recent period with good quality discharge data against which to calibrate the model – a period of about seven years is suggested, with the first two being part of the simulation period but not part of the ‘analysis’ period in which the goodness of fit is measured (ie two years for the model to ‘warm up’)

1. Run the model in Single Parameter mode to achieve a volume balance

2. Run the model in Multiple Parameter mode

3. Run the model with No Optimisation

4. Review hydrographs of recorded and estimated discharge

5. Make changes to parameter values (via Parameter window) if necessary, Save the Parameter file.

6. Repeat steps 3,4 and 5 until content after step 4 then..

7. Extend the period of simulation to match the period of recorded discharge (and the analysis period to start two years later.

8. Run the model in Single Parameter mode once more to regain a volume balance over the longer period.

9. Run the model with No Optimisation 

10. Review hydrographs of recorded and estimated discharge over this longer period.  

11. Make any final changes to parameter values and repeat as necessary.

12. Save and print hydrograph plots.

This is not a recipe for success on every occasion and, as always, circumstances will alter cases.

The following sections describe the options with the different modes.

Single parameter determination
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Optionally click on Single Parameter Options.  There are three choices of the single parameter for adjustment with this option: precipitation factor, PET factor and rooting depth.  The choice should depend largely on the quality of the rainfall data.  If there is good coverage, with a sufficient density and spread (to cover high ground as well as the central valley areas), then it would be better to choose the PET factor.  Otherwise choose the Precipitation factor.  The rooting depth should only be selected if both Precipitation and PET are known to be very accurate and then only in an exploratory role.  It would be unwise to allow rooting depth to take unrealistic values – in fact, the program prevents it.

If it is found that large adjustments are required to either factor and there is no very good reason for it (e.g. poor rainfall coverage in mountainous regions) then attention should turn to the discharge data.  Is it certain that a full range rating curve has been used throughout?  Is the curve of proven relevance over the period of calibration?

If the discharge data are known to be good then a final factor for consideration might be the possibility of groundwater outflow by-passing the gauging station.  HYSIM does not model this and, if supported by hydrogeological observations or knowledge, it is probably best to reflect it in a reduced Precipitation factor or to set the recession to .9999 in which case groundwater is held in storage but not released.

Multiple parameter optimisation
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There are four objective functions available when choosing to perform multiple parameter optimisation: 

Reduced error of estimate (R.E.E.)

given by;  {(F ‑ FR) ² / (F ‑ Fm)²} 0.5
where Fm is the mean daily flow.  This function gives equal weight to equal errors, e.g. an error of 1 cumec has the same weight whether the recorded flow is 10 cumecs or 1 cumec.  The R.E.E. should be used for flood modelling purposes or for catchments where the flow in summer is zero or almost zero.

Proportional error of estimate (P.E.E.)

given by:  {((F ‑ FR)/FR)² / (n‑1)} 0.5
where F is the simulated mean daily flow, FR the recorded daily flow and n the number of days used for the calibration.  This function leads to minimisation of proportional errors, e.g. an error of 1.0 cumecs when the recorded flow is 10 cumecs has the same weight as an error of 0.1 cumecs when the flow is 1.0 cumecs.  The P.E.E. is especially useful when only low flows are of interest.

Extremes error of estimate (E.E.E.)

given by: {(((│F‑FR│*│F‑Fm│)/(FR*Fm)))/((n‑1)}0.5
This function gives much greater weight to the extremes, be they high or low flows and is therefore a general purpose objective function.  It should be tried first and only if adequate results are not obtained should one of the other two be tried.

Base flow

This is based on the sums of squares of errors of the "base flow", defined as the average the third to fifth lowest values in a calendar month. This range is used to avoid unnaturally low values due to data error.

Optionally click on Multiple Parameter Options.  There are six possibilities of which up to four may be selected.  The default set of four are as shown above but, if there is no groundwater in the catchment (or in the sub-area), then the second one (permeability at base of lower horizon) would be de-selected.  Unless the user is highly experienced in the use of the model, it is recommended not to experiment with alternative combinations of parameters to be optimised.

HYSIM will try to find a minimum value of the objective function by changing the values of the selected variables in a systematic way (see Annex B for details).  It works until:

· the specified number of attempts (iterations) has been reached or

· the improvement in fit between successive stages is less than implied by choice of optimisation accuracy (fine, normal or coarse) 
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No optimisation

The No optimisation mode simply runs the model with the current set of parameters and without any attempt to improve fit.  Optionally click on Print Options to determine the type of output file generated by the run.  The types of files are explained in the table at the head of the ‘Some key facts’ chapter.  The most common choice (as in above example) would be ‘simulated and recorded flow’ which generates a .GSM file.

A common problem in managing a HYSIM study is forgetting to change the Print Option when changing from comparisons between recorded and estimated flow to simulation (with no such comparison) based on input data – usually from a longer time period.  The output required in the second case is a .DSM file (incorrectly shown also as ‘gsm’ in above screen shot).  It is always worth a quick click on Print Options just to check that they are correct.  If working with more than one Project, remember that these options are not project-dependent and that choices made in one project will be inherited by another.

The other options are useful when mounting a more detailed investigation of how HYSIM is moving water between storages.

When finished with selection of options, click Accept.

Accuracy summary

At the end of the run HYSIM prints a summary of accuracy. Two sets of values are given: for daily and monthly values. Values are also given, where appropriate for simulated and recorded values 
The efficiency, also known as the percentage of explained variance, is given by: 
Efficiency =  (Σ (qm -qo)2 -  Σ (qs -qo)2 )/   Σ (qm -qo)2 
where qm  is mean daily flow, qo is observed daily flow, and qs is simulated daily flow.. 

Running the model

When happy with the choice of mode, the selection of print options (if No Optimisation), the selected dates and the choice of whether or not to read recorded flows, then Run/Start will run the model.  According to the mode, various progress information will be displayed.  If optimising, the final values of the selected parameters will be displayed and they may be saved or rejected.  Note that this is the only way in which parameter values may be saved, and the parameter file automatically updated, by HYSIM.  All other changes to the parameter file, ie changes made manually by the user, must be explicitly saved. 

Having run the model in ‘No Optimisation’ mode, the normal procedure would be to examine the results (as specified through the Print Options button) as plotted hydrographs on screen – see Graphics chapter.

Tactics

A Recommended modelling strategy is outlined above.  Step 6 glibly states:

“Repeat steps 3,4 and 5 until content after step 4 then..”

This is the heart of the HYSIM fitting process and the way in which the user responds to poor hydrograph reproduction determines the amount of time likely to be spent in achieving an acceptable outcome.  The following recommendations are for tactics which have been used to improve the overall agreement between observed and recorded hydrographs.

1. Are small storms consistently over or under estimated?  If the errors are only in the summer,  adjust the impermeable run‑off factor. Otherwise treat as in (4) below..

2. Is the total groundwater volume correct but the distribution in time wrong?  If so, adjust the recession rates or the proportion of the transitional groundwater storage contributing to run‑off.

3. Do the simulated flows change too soon, or too late, from "summer" conditions to "winter" ones?  In the former case increase the total soil storage (by increasing rooting depth), in the latter reduce it.

4. Are major summer storms consistently over or under estimated?  In the former case increase the proportion of soil storage in the upper horizon, in the latter reduce it.

It must be emphasised that only consistent errors should be corrected in such ways; for example if the record contains only one major summer storm then an error in its simulation could be due to poor data rather than poor calibration.  For most of these changes a comparison of the recorded and simulated flows will also give a good indication of the size of the correction required.  For example if the runoff increases too rapidly at the end of the summer then calculate the value of the "rainfall minus evapotranspiration" in the period with excessive runoff and add that amount to the soil storage.  These changes, which may have been carried out in combination, will possibly mean that the other parameters will have to be re-calibrated. 

Calibrating by trial and error

It might also be found that is necessary to intervene "manually". This could be the case, for example, when trying to get good simulation of low flows in a catchment with little base flow.  In this case it may necessary to adjust the value of permeability at the base of the lower horizon to increase or decrease the amount of base flow.  Sometimes, a ‘difficult’ catchment will be easier to fit if the hydrologist adopts a manual approach to parameter adjustment almost from the start.  With computer performance now dramatically improved, a cycle of ‘change parameter- save parameter file-run model-check plots-rethink’ takes little longer than the time to type this sentence.  As always, experience is the key.

Check data again?

It must also be remembered that many errors initially considered to be calibration errors might in fact be due to errors in the data.  Among such errors which have been encountered in the past are:

· Conversions from cusecs to cumecs applied twice for three consecutive months, giving flows a factor of 35 too low.

· Seasonal rating relationships to allow for summer weed growth incorrectly applied, giving lower flows at a downstream gauging station than at an upstream one.

· Monthly rainfall entered as zero for each day of the month except the last which had the month's total.

· Rating curves applied to the whole range of flows when in fact they were only accurate for part of the range.  One example of this was that the formula for the lower part of a compound weir had been applied to all levels, giving serious errors in higher flows.

· The import facility assumes that there is a complete chronological series of numbers, with missing data flagged as such.  It is therefore possible that a month without any data could have been skipped and all subsequent data be out of phase by one month.

If the above has not produced a satisfactory fit then the following should be considered.  

a)
If the P.E.E. or the E.E.E. is being used are there one or two days with unnaturally low flows, possibly due to instrumental error?  The errors on such days would dominate the objective function and lead to faulty calibration.

b)
Are there any major events, such as a freak summer storm or a large snow melt flood, which the data are likely to be of poor quality?  If so the flow value for such events should be set to ‑1.0 times the true value.  These values will then be ignored in calibrating the model.

Hydraulics – rarely of concern to daily modellers in the UK

To optimise the hydraulic routing parameters the above approach is not suitable.  Firstly they are only significant for large flow events and secondly their effects are more easily separable than those of the hydrologic parameters.  Indeed, when using daily data on a small catchment, changes to the hydraulic parameters make almost imperceptible changes to the simulated flows.  Much of what follows is therefore only necessary when using hourly data.

The first check of the hydraulic parameters that should be carried out is that the values given for bank-full discharge correspond to those known to occur.  If they do not, check that the areas and depths of flow given are correct.  If they are, adjust the individual values of Manning's n to obtain the correct bank-full discharges.

For two or three minor flood events, when the flood did not exceed bank-full, compare short time increment simulated and recorded flows.  So that routing errors will not be masked by other errors, select events for which the model has correctly simulated the volume of the floods.  If the shape is correct but the timing is wrong check the lengths of the channel sections; because of tortuosity of the channels they are often difficult to measure from maps.  If the hydrograph shape is wrong adjust the channel roughness and the minor channel routing coefficient alternately to obtain the correct shape.  Next select a few events when the bank-full discharge was exceeded by at least a factor of two.  If these events are not satisfactorily simulated then adjust the flood plain roughness to obtain the correct shape and timing.  The shape and timing of events between these two extremes should also be correct after this procedure has been followed.

When to stop worrying

One of the biggest difficulties in calibration is knowing when to stop.  There are two methods by which one can facilitate this decision.  The first is to keep an independent period of data of at least one year, and to check that improvements to the simulation of the calibration period result in improvements for the independent period.  The second way is to plot the data and only to make further parameter changes when there are consistent errors in both the calibration period and the independent period. 

Graphics

The options

The introductory screen brought up by clicking the Graphics button is not inspiring – everything is greyed out!  The main options are accessed from the top File menu.  One option is to create a double-mass plot using two files which will probably have been prepared for the purpose using one or more of the available Tools.  The other option is to plot the contents of any HYSIM file.  

Double-mass plot

[image: image44.png]


This is simple.  Choose File/Open Double-mass X .  Choose the file with values to be plotted (after accumulation) along the X-axis.  Then File/Open Double-mass Y to choose the other file.  There is an invitation to select the dates over which the analysis is to be carried out and that is all.  Note that HYSIM does not produce a double-mass plot if there are any gaps in the data.

The plot may be printed or saved as a WMF file for use elsewhere.

Time series plot
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Choose File/Open HYSIM file.  Browse to required directory and choose type of files required.  Select required file.  The file selected here is of PET.  The title is misleading since the monthly PET values have, in this case, been converted to daily values using a record of daily temperatures as described in the Tools chapter under PET.  

The six buttons available at the top of the graphics window allow movement through the file a year at a time or quick repositioning at the start or end of the file.  The ‘Scale’ button allows the displayed range of values to be changed and the ‘Rest’ button reverts to full range.

The above example is of a file with a single variable.  When opening files with two or more variables, the user is invited to make a choice of which to plot.  The maximum is six – any more than that would be difficult to decipher.  The file type with most to offer is the .GMT file which holds the rates of transfer between storages – there are 12 of these (see left).

Select the ones required and Accept.

The plotted hydrograph overleaf shows the three chosen plots – two transfers from the soil storages and groundwater outflow.
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Tutorial

Sample data
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However HYSIM has been installed, there should be a set of test data files in the application directory.  The files in the basic folder contain data for the Silver catchment in the area of the Mercian Region of the Environment Agency.  The river flows from east to west in the map below.

There was a flow measurement station on the Silver in the 1970's but it has since been abandoned.  There are proposals to extract water from the River Silver, to be used conjunctively with the present groundwater, for the expanding commuter villages of Greshamsbury and Framley.  The water reclamation works at the old cathedral city of Barchester has recently been upgraded which makes this possible.  Before detailed appraisal can begin, a long-term flow record is needed for the Silver Bridge site.

The data files are:

HOGGLEE.DRF

Daily rainfall for Hoggle End

HOGGLES.DRF

Daily rainfall for Hogglestock 

BARCHEST.PET

Monthly PET for Barchester

BARCHEST.SRF

Daily rainfall for Barchester

SILVER.DFL


Daily flow at Silver Bridge

The '.DRF' and '.DFL' files are in HYSIM format.  The Barchester data is in Mercian Region format and will have to be converted.  The two files for Hoggle End and Hogglestock have data for two different periods with a small gap.  This is because the observer, a keen amateur weather watcher, moved from Hoggle End to the more up-market village of Hogglestock in 1981.  The observer, incidentally, was John Grantly, grandson of the Reverend Dr Theophilus Grantly, sometime archdeacon of Barchester.

For this exercise you will go through the following steps:

· Import data to HYSIM

· Modifying the length of files

· Linking consecutive files

· Infill missing rainfall data,

· Check that the data is correct by double-mass plotting

· Correct any errors that this reveals

· Combine the rainfall data to get catchment rainfall data

· Set up a parameter file for the catchment

· Calibrate the model

· View and plot the results

· Produce a long flow record

Import data to the HYSIM format

This option is found under Tools/Import to HYSIM/ASCII (TXT) to HYSIM.

This process involves importing data from an original file to HYSIM.  Open the data file BARCHEST.SRF.  As you can see, it has 2 header lines to the file, one header for each year and the data are in an annual block.  
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Enter the details for the template and save the template with an appropriate name (e.g.MERCIA-R).  Click on Run/Import.  You will now see the imported data.  
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Check that it is correct, in particular, have a look at the end of December and start of January to ensure that the values are not out of phase.  If OK then ‘File/Save data file’ and accept the suggested BARCHEST.DRF..

Repeat the process for BARCHEST.PET.  Do not forget to use PET as the import data type.  As this will be catchment PET then the name SILVER.DPE would be an appropriate name for the output file (instead of Barchester.dpe as suggested).

The algorithm used for conversion is stable but this also means that if there is an error in the starting date you give, or in the template file, the output file will not be correct.  You should have a look at your output files before you use them by means of the edit option. 

Linking files
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You now need to link the two HOGGLE files to form a single file.  Choose Tools/file handling/consecutive using the "intelligent" option.  Open the two rainfall files.  There is no user action required to perform the merge – just opening the second file does the trick.  You just need to ‘File/Save’ the output file; give it a sensible name - e.g. HOGGLE.DRF.  If you look at all three files using the Graphics option, you can see the results; you will also see that a small gap remains in 1981 – presumably John’s wife insisted he get the dish-washer plumbed in before setting up the raingauge.

Infill missing data

You now have to use infill option for HOGGLE.DRF and BARCHEST.DRF.  This is under Tools/Rainfall/Infill.  Use the normal Windows multiple selection option - that is, click on each file while holding down the Ctrl key.  Click on Run/Start and the program will now create two files with the .IRF extension.  In this case, you do not have to save the files - this is done automatically.

Check the data is correct

The Barchester climate station has the longest most reliable record in the Mercian Region of the Agency.  The station was set up early this century in Hiram's Butts, a plot of land bequeathed by John Hiram in 1434 to provide income for a home for retired labourers.  It was a condition of the will that the land never be built on - so the site had been unaffected by building works or anything likely to change the consistency of its rainfall or climate measurement.  Go to Graphics and use the double-mass plot option to compare the Hoggle record with the Barchester record.  The plot shows a break in the record around 1980, when the observer moved the station.
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You can now click on "reset" and plot the data again choosing, say 1978 and 1982, for start and end dates to see more precisely when the point of inflection occurred. 

Correct errors

Now click on Tools/rainfall/correction.  Select HOGGLE.IRF as the file for correction (the ‘infill’ file) and BARCHEST.IRF as the file for comparison (the ‘compare’ file)  Enter 8/1981 as the date.  Click on Run/start to begin the correction.  
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Analysis of the data records will now start.  When this has been completed you will get a message which will inform you the rainfall was a factor of around 1.2 higher for the early period.  Accept this value and continue.  This will produce a file called HOGGLE.XRF.  You now have an infilled data file called BARCHEST.IRF and a corrected file called HOGGLE.XRF.

Combine rainfall data to get catchment data

Click on Tools/rain/mean.  Select in turn the two files mentioned above.  Give each of them a weight of 0.5 (it is hardly worth producing a Thiessen grid for two files.  Click on Run/start.  The program automatically uses the shortest common period of data,  File/Save to a .CRF file of your choice e.g. ‘Silver’.

Parameter file

Before starting with this option you should assemble the following information:

· Starting flow (surface and groundwater) at the date of start of simulation,

· Suitable start and end dates for simulation,

· Catchment area,

· Estimate of the impermeable proportion,

· Estimate of the interception storage,

· Estimate of the time of concentration of small channels not modelled separately (in this case the small streams flowing into Plumstead Brook and the River Silver),

· Indication of the soil type in the catchment,

· Recession rates,

· Details of channel dimensions, lengths, gradients etc

For this catchment use three reaches:

1 - Upper River Silver

2 - Plumstead Brook

3 - Lower River Silver

The soils in the Silver catchment are sandy loam and, as befits a test exercise, very homogeneous.

Check that the data types for the parameter file are the same as for the data you created above ie select rainfall and PET.  Enter a name for the catchment and gauging station.  Select 1-1975 for the start of simulation, 1-1976 as the start of statistical analysis and 12-1979 as the end of simulation.  Give the starting surface and groundwater flow (m3/s).  In this case there is one outflowing reach and it will have the number 3.  There are no upstream catchments.  Click on OK.

Select HYDROLOGY.  Enter values that you have calculated or which seem appropriate.  Note the values you choose for the permeabilities at the horizon boundary and at the base of the lower horizon and for the interflow runoff rates.  You will need these for calibration.  Click on OK.

Select HYDRAULICS.  Using the cross-sections shown below, these, select values that seem appropriate for the simplified topography used in HYSIM.  Channel reaches 1 and 2, have no inflowing reaches.  Reach 3 has two inflowing reaches, reference numbers 1 and 2.  From the map, calculate appropriate factors for the proportion of basin runoff entering each reach

If you are satisfied with your choices, click on  "Save as".  If you have made a mistake you can always edit the file later.
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Project file

You now have to set up a project file that defines the data used by the model. Click on File/new project file.  Open the parameter file and then open the other data files.  Save the project file (SILVER.HPJ).

Calibrate the model

Before calibrating the catchment it is always a good idea to run the model first, to ensure that there are no blatant errors.  lick on Model and, from the File menu, open the project file.  Ensure that ‘No optimisation’ is selected then click on Run/Start.  The model will now run through the data once.  Move to Graphics and open "SILVER.GSM" as the file.  You will now see the simulated and recorded flows plotted a year at a time.  If you have been careful in choosing your parameters the simulation should be reasonable.

Now return to the model and select "Single parameter" optimisation.  Click on single parameter options and confirm that PET factor has been selected and that "maximum iterations" is 10.  Click on "accept".  Click on run/start.  The model will now run four or five times until the PET factor has been adjusted to give an accurate mean flow.  When it has finished select the option which updates the parameter file.

Now select the "Extremes Error of Estimate".  Click on multi-parameter options and confirm that the four parameters selected are permeability at lower horizon, permeability at the horizon boundary, interflow at the upper horizon and interflow at the lower horizon.  Also check that the number of iterations is 50.  Click on accept.  Run the model again.  You will see a similar output to that which you saw for the single parameter optimisation except that the values of the four parameters are shown.  When all the runs have been completed (or, if you are impatient, when there are no significant improvements in the objective function after several, runs press <Esc>) and save the new parameter values.

Run the model again without optimisation and plot the results.  At this stage the results should be getting good.  If they are not then follow the advice given under ‘Tactics’ in the Model chapter.

If you have made changes repeat the calibration process.  If the changes you have made are correct you should by now have finished with the calibration.

Production run

Change "Read observed" to "No" and the end date to 12/1990.  Re-run the model with No optimisation.  Select "Simulated flows in HYSIM format" as one of your print options.  Run the model.  You will now have a file called "SILVER.DSM" which has almost 20 years of simulated data.

Example of multiple catchments

There is also a folder called "multiple" which contains files for two catchments one upstream of the other, called "upper" and "lower". This is an example of how you can deal with a complex river basin with several sub-catchments.  The data and parameter files are set up for you.  All you have to do is to set up the project files and run the model.

First you need to set up a project file for the upper catchment. Click on Project/new.  Click on file and open the parameter file (upper.par).  You can now open the three other files needed (upper.dfl, upper.crf and upper.dpe).  Save the project file as, for example, upper.hpj.

Click on Model and open the project file.  Click on print options and make sure that the box for simulated flow is ticked.  Accept this option and run the model.  The model has now created a file called upper.dsm that has the simulated flow for the upper catchment.

Now click on Parameter and open the file lower.par.  You do not have to change it but you may find it useful to see how it has been set up.  You will see that it has three reaches and two sub-catchments.  Click on "hydrology parameters".  You will see that, for sub-catchment 1, the option "upstream flow input" is selected. This sub-catchment has no other parameters.  Double click on the sub-catchment 2 (at the top of the hydrology window) and you will see that the option "hydrology simulation" is selected; this sub-catchment also has a full complement of parameters.  If you had more than one upstream catchment (a "Y" configuration of rivers) you would have a total of three sub-catchments, two of which used the option "upstream flow input", and so on.  Close the "hydrology" window and click on "hydraulics parameters".  You will see that for the first reach the "nominal reach" option has been selected, the contributing sub-catchment is number 1 and all the flow from that sub-catchment enters this reach.  Now look at reach 2.  You will see that the "routed reach" option is selected. This accepts half (0.5) of the flow from sub-catchment number 2 (the lower catchment), has one inflowing reach (number 1) and a full set of hydraulic parameters. Now look at reach 3.  This similarly accepts flow from half of sub-catchment number 2 and has one reach flowing into it.  Close the hydraulics window.  Close the parameter window - do not save the file.

Next you have to create the project file for the lower sub-catchment.  Click on project and new file.  Open the parameter file "lower.par".  Click on file again, this time you will see in addition to the flow and meteorological data files, the file for upstream flow is also enabled.  Open the other files as before and open "upper.dsm" for the upstream flow file.  Save the project file as, say, upper.hpj.

You can now run the model for the lower catchment.  If you have a look at the file of simulated and observed flow you will see that this catchment has a problem of flow measurement when flows go out of bank - one of the few cases where it is clear the problem is in the data not the model!

Example of catchment with two data sets

These files are in the folder "snow". The number of data sets has to equal the number of sub-catchments with hydrologic simulation so the catchment not only has two data sets but also two parameter sets.  This particular data set is used to show not only the effect of multiple parameter/data sets but also of snow melt.  It covers the famous winter of 1947.  There are two sets "high" and "low".  If you look first at the data for precipitation the first two months of 1947 in the editor you will see that more of the precipitation falls as snow (negative values) in the high part of the catchment than in the lower part of the catchment.  If you look also at the snow melt files you will see that melting starts sooner in the lower part of the catchment than in the upper and is at a higher rate.

Next have a look at the parameter file (snow.par).  You will see that there are two sub-catchments with hydrologic simulation.  You will also see that the channel reaches collect all the runoff from the two sub-catchments.  You can use this type of division where, as in this case, there are marked differences in the data, or where there are marked difference in the hydrology of the catchment, part forested and part grassland for example.

You create a project file in this case in a similar to way to the previous cases.  That is, you open the parameter file first and then you open the data files.  If you have decided to split the sub-catchment for hydrologic reasons and there is little difference in meteorological data you can use the same files for both sub-catchments.

Once you have set up the project file, run the model. Now have a look at the file of simulated and observed flows. Select only reaches 1 and 2 and look at the year 1947.  You will see that flow in reach 1 (the higher part of the catchment) does not start to flow as soon in February as reach 2, which collects water from the both parts of the basin and is responding to the early melt in the lower part of the basin.

Example of 3-hourly rainfall

The final folder of sample data is for 3-hourly simulation.  The data consists of three months of flow (with a few gaps) and rainfall at a 3-hourly time step.

Look first at the parameter file.  The main difference you will notice is that the number 8, for 8 increments per day, i.e. 3-hourly, appears for hydraulic calculations, hydrologic calculation and rainfall data.  The PET data are at a daily time step.  The other parameters are "normal" and indeed the calibration was done using a longer period of daily rainfall data.

Now create the project file in the same way as for the other catchments and run the model.

If you plot the simulated and observed flow, despite the fact that it is at a 3-hourly time step, the data are plotted as daily values. This is because the standard time step for HYSIM plotting is 1 day.  To get a time plot at a 3-hour time step, use Tools/ export from HYSIM/ HYSIM to CSV, select the "shortest time step" option and save the file.  The file you have saved will be in CSV format and therefore can be imported to a spread-sheet program for plotting.

A final comment

As you will have seen from the above, the components in HYSIM can be used in a wide variety of ways.  Whilst as many options as possible have been tested it could be that new users will try different combinations.  If you do try a new option and find the results are not as you expected please send a copy of your data and parameter file to Water Resource Associates and we will check it out.
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Appendix 1   Hydrological processes

This Appendix gives further details of the way in which the various HYSIM storages are designed to react to input.

Snow storage

Any precipitation falling as snow is held in snow storage from where it is released into interception storage.  The rate of release is equal to the potential melt rate.

Interception storage

This represents the storage of moisture on the leaves of trees, grasses etc.  Moisture is added to this storage from rainfall or snowmelt.  The first call on this storage is for evaporation which, experiments have shown, can take place at more than the potential rate particularly on the leaves of trees.  This is allowed for in the model.  Any moisture in excess of the storage limit is passed onto the next stage.

Impermeable area

A proportion of the moisture in excess of the interception storage limit is diverted to minor channel storage to allow for the impermeable proportion of the catchment.

Upper Soil Horizon

This reservoir represents moisture held in the upper (A) soil horizon, i.e. top‑soil.  It has a finite capacity equal to the depth of this horizon multiplied by its porosity.  A limit on the rate at which moisture can enter this horizon is applied, based on the potential infiltration rate.  This rate is assumed to have a triangular areal distribution, as in the models of Crawford and Linsley and of Porter and McMahon.  The potential infiltration rate is based on Philip's equation, i.e.

x = t0.5 + t1.0 + t1.5 + ......

where x is the distance travelled downwards by the wetting front, t is time since x = 0 and ,  and  are functions of soil type and condition.  It has been shown by Manley that this relationship can be closely approximated to :

x = (2k Pt)0.5 + kt

where P is the capillary suction (mm. of water) and k the saturated permeability of the medium (mm/hr).  This allows determination of the potential infiltration rate.

Brooks and Corey have shown that P can be expressed as :

P = Pb/Se1/
where Pb is the bubbling pressure (mm of water),  is a parameter (called the pore size distribution index) and Se is the effective saturation defined as :

Se = (m ‑ Sr)/(1.0 ‑ Sr)

where m is the saturation and Sr is the residual saturation, i.e. the minimum saturation that can be attained by dewatering the soil under increasing suction.  By simulating the moisture content in the upper horizon the forces causing movement of the water can therefore be simulated.  The first loss from the upper horizon is evapotranspiration which, if the capillary suction is less than 15 atmospheres, takes place at the potential rate (after allowing for any loss from interception storage).  If capillary suction is greater than 15 atmospheres evaporation takes place at a rate reduced in proportion to the remaining storage.  The next transfer of moisture that is considered is interflow (i.e. lateral flow).  The rate at which this occurs is obviously a very complex function of the effective horizontal permeability, gradient of the layer and distance to a channel or land drain.  Brooks and Corey have also shown that the effective permeability of porous media is given by :

ke = k (Se)(2+3 )/
where ke is the effective permeability (mm/hr) and the other terms are as defined previously.  Because of its complexity no attempt is made to separate the individual parameters for interflow and it is given as :

Interflow = Rfac1(Se)(2+3 )/
where Rfac1 is defined as the interflow run‑off from the upper soil horizon at saturation.  The final transfer from the upper horizon, percolation to the lower horizon, is given by :

Percolation = kb(Se)(2+3 )/
where kb is the saturated permeability at the horizon boundary and Se is the effective saturation in the upper horizon.  By combining the above equations the rate of increase in storage is given by :

ds/dt = i ‑ (Rfac1+kb) Se(2+3 )/
where i is the rate of inflow and S and t are moisture storage and time respectively.  Unfortunately this equation cannot readily be solved explicitly so it has been assumed that the total change in storage in any time increment is small compared to the initial storage.  In this case the equation can be simplified and an approximate solution obtained.  As a check for extreme situations the change in storage is constrained to lie within an upper and lower limit.  The upper limit is defined by the level of storage at which the rate of outflow is equal to the rate of inflow.  The lower limit results from setting i equal to zero in the above equation, in which case an explicit solution is possible.

Lower Soil Horizon

This reservoir represents moisture below the upper horizon but still in the zone of rooting (i.e.  the  B and  C horizons).  Any unsatisfied potential evapotranspiration is subtracted from the storage at the potential rate, subject to the same limitation as for the upper horizon (i.e.  capillary suction less than 15 atmospheres).  Similar equations to those in the upper horizon are employed for interflow runoff and percolation to groundwater.

Transitional Groundwater

This is an infinite linear reservoir and represents the first stage of groundwater storage.  Particularly in karstic limestone or chalk catchments many of the fissures holding moisture may communicate with a stream rather than deeper groundwater and the transitional groundwater represents this effect.  Its operation is defined by two parameters : the discharge coefficient and the proportion of the moisture leaving storage that enters the channels.  Being a linear reservoir the relationship between storage and time can be calculated explicitly.

Groundwater

This is also an infinite linear reservoir, assumed to have a constant discharge coefficient.  It is from this reservoir that groundwater abstractions are made.  As in the above case the rate of runoff can be calculated explicitly.

Minor Channels

This component represents the routing of flows in minor streams, ditches and, if the catchment is saturated, ephemeral channels.  It uses an instantaneous unit hydrograph, triangular in shape, with a time base equal to 2.5 times the time to peak.

Appendix 2   Hydraulics

The runoff from the minor channels is routed through the major river channels.  The river channels are divided in reaches, each of which has little variation in hydraulic characteristics along its length.

Whilst flow in open channels can be described most accurately by the Saint Venant equations, these equations are not explicitly solvable.  The methods of solution that are available are not suitable for a hydrologic model as they require an iterative solution for small time increments.  Fortunately most of the terms in the Saint Venant equations have only minor effects and flow can be described adequately by the simplified form known as the kinematic method (Lighthill & Witham).  The only situations where the equations would not apply are in rivers artificially controlled by sluice gates, influenced by tides or with very flat gradients.  In general if a stage/discharge relationship is possible then the kinematic approximation is acceptable.

The velocity of a kinematic wave, Vw, is given by :

Vw =
Q/   ..........................  (1)

where  Q is the incremental change in flow and A the incremental change in area.

Manning's formula when applied to a triangular channel gives: 

Q  A4/3
where Q is the discharge and A is the sectional area of flow.

For a broad rectangular channel the equivalent equation is :

Q  A5/3
Since most channels fall between these two extremes then it has been assumed that

Q = CA1.5    ..............................  (2)

For flow in bank, A, as a function of Q, is calculated by re‑arranging equation 2.

For flow out‑of‑bank exponential relationships are developed at the start of the program.  They are of the form :

A = a Qb    ................................  (3)

where a and b are constant.  They are based on the geometry and roughness of the flood plain using Manning's equation.  Two such relationships are used, one for when the flood plain is filling up and one for when it is full.

The way the kinematic theory is used in the model can best be visualized by reference to sketch below.  The input hydrograph is shown as the solid line.  Using equation 2 or 3 the sectional area 
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for the input flow is calculated.  From equation 1 the velocity of the wave and hence its travel time is calculated.  The hydrograph is then displaced by this travel time for each time increment.  The result of this stage is represented by the dotted line.

The time increments of the "dotted" hydrograph will not generally be the same as those of the model.  This "dotted" hydrograph is therefore redistributed to produce the "dashed" hydrograph.

The situation sometimes arises where a later wave has a higher velocity than an earlier wave, and catches up with it within a section.  The program checks whether any such events occur, and if they do it recalculates the time of travel of the resulting "coalesced" wave from the point at which it was formed.  This approach is of particular importance when flows go out‑of‑bank and rapid changes in wave velocity occur.

Whilst the above approach involves a degree of compromise it is very stable and can be used with time steps much longer than the time of travel of a kinematic wave in the section being modelled, an advantage when using daily data but when travel times in a long river have to be simulated.

Appendix 3   Minimising the objective function

Because of data inadequacy, the optimum of the objective functions may occur when the simulated mean and standard deviation are different to those recorded.  To allow for this the objective function can be constrained.  A maximum acceptable error in the mean flow, EMmax%, and a maximum acceptable error in the standard deviation, ESDmax%, are selected.  From experience, it has been found that errors of 5% for the mean and of 10% for the standard deviation are acceptable and these are the "normal" values are incorporated in the program.  They can be changed; if "fine" is used then 2% is used for the mean and 5% for the standard deviation; if "coarse" is used then 10% is used for the mean and 25% for the standard deviation. The objective function becomes :

OFconst = OF x CFm x CFstd
where OF is either the REE, the PEE or the EEE, CFm a correction factor based on the mean, CFstd a correction factor based on the standard deviation and OFconst the constrained objective function.

If the error of the mean is within the limits then CFm is equal to 1.0, otherwise: 

CFm = 1.0 + (EMmax ‑ EM)²/10.0

where EM is the error in the mean.

CFstd is calculated in a similar way but using the error in the standard deviation.

There is a further constraint during the optimisation. If a calculated change in a parameter would take it outside a reasonable range the step is reduced to 50% of the distance to the upper or lower limit.

Appendix 4   Soil Heat Flux

Introduction
In the early days of flow simulation using the rainfall/runoff model HYSIM, it was noted that there was tendency for errors to follow a seasonal pattern. The errors were an overestimation in winter and an underestimation in spring and early summer. It was concluded that the reason for this was due to soil heat flux.

The initial simulation was made with PET calculated using the Penman formula. It was reasoned that these values of PET were based on climate data for the month but that in spring part of this heat energy would be used to warm the soil and in the winter some of this heat energy would be given up by the soil. To overcome this, a pragmatic method was adopted. The calculation treated the soil as a heat reservoir and proceeded as follows:

Flux = (PET0 - Heat Balance)*0.19

PET1 = PET0 -  Flux

Heat Balance = Heat Balance + Flux

Where:

Flux is the heat transfer

Heat Balance is the soil heat balance (in mm equivalent evaporation)

PET0 is the uncorrected PET.

PET1 is the corrected PET.

The calculation proceeded on a month by month basis. The factor of 0.19 was found by experience.

As the method above was entirely pragmatic it was decided to investigate whether it could be supported scientifically.

Data 

The monthly weather report includes monthly soil temperatures for many stations. The temperatures are given at 0, 50 and 100 cm. Two stations were chosen as they were part of projects in which other data to calculate  PET were also available. These were Malvern and Bolton. In both cases they were chosen as they were in the middle of the area being studied. Data were collected for the period 1976 to 1986 for Malvern and 1971 to 1980 for Bolton. For both sites the PET were calculated by the Penman method. In the case of Bolton the data for PET calculation were obtained from nearby stations with an allowance for difference in elevation, latitude and longitude calculated in an earlier project. The program to produce the PET was modified to output values of heat flux by the pragmatic method outlined above.
Soil Heat Flux

It was decided to calculate the soil heat flux in millimetres equivalent of PET.

For a 1 metres square area, and given the latent of vaporisation as 539, the heat required to evaporate a 1 mm depth is 539000 calories. (0.1 cm * 104 * 539).

The specific heat of a soil will depend on the composition of soil the and the water content. Most soils have a porosity of around 45%. If we assume that the solid matter is rock with a specific gravity of 2.7 and 50% of the voids are filled with water then the specific gravity of soil is given by:

SG = .55*2.7 + .45*.4 = 1.67

Assuming the specific heat of rock is 0.22 then on a similar basis the specific heat of a soil is:

SH = .55 * .22 *2.7 + .45* .4 = 0.51

The energy to raise the temperature of 1 m3 of soil by one degree is:

Energy = 1.67 * 106 * .51 = 851700 calories.

To raise the temperature of one cubic metre of soil by 1(C is therefore equivalent to 1.58 mm of evaporation.

Results

The results are plotted on figures 1 to 4.

Figure 1, for Malvern, show the month by month heat flux calculated by three methods: the pragmatic method (labelled HYSIM), and assuming the heat flux varies over 1 or 2 metres of soil. Figure 2, also for Malvern, shows the equivalent figures averaged over the period of record. Figures 3 and 4 present the equivalent results for Bolton. As can be seen, there is good agreement between the pragmatic method and the calculated flux for 1m depth of soil both in the average case and in the monthly case. As would be expected the flux when 2 metres depth of soil is considered is somewhat higher than when 1 metres is considered. However the amplitude is not doubled as the change in temperature at depth is less than near to the surface.

Whilst the amplitude shows good agreement there is clear difference in the timing. Based on the time at which the plot crosses the zero flux line, the flux calculated by the pragmatic method lags the flux based on soil temperatures by slightly more than  a month.

Conclusions
Where soil temperatures are not available, as will normally be the case, the empirical method as originally used in HYSIM but with an allowance for the time difference is more accurate than a method which assumes a fixed value for soil heat flux.
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	Figure 1 – Soil heat flux – Monthly values - Malvern
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	Figure 2 – Average monthly soil heat flux - Malvern
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	Figure 3 – Soil heat flux – Monthly values – Bolton
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	Figure 4 – Average monthly soil heat flux - Buxton


Appendix 6   Reservoir Derived Inflow

Calculation of inflow

To calibrate HYSIM, a few years of flow data are required.  In the case of the reservoirs there are often no observed flow data.  In this case it is necessary to calculate the inflow.The calculations were based on reservoir storage, abstraction, spill and other releases. The basic equation is:

Storage2  = Storage1 + Inflow - Outflow 

Where:

Storage1  = Reservoir storage at the start of a time period

Storage2  = Reservoir storage at the end of a time period

Inflow = Inflow to the reservoir

Outflow = Total outflow from the reservoir.

Outflow is likely to have several components. These may include abstractions for supply, compensation releases and spill. 

Inflow is likely to consist mainly of inflow from rivers flowing into the reservoir but may include pumped inflow. 

If all the data are available the equation can be re-written as:

Natural inflow = 

Storage2 - Storage1 +(Supply+Compensation+Spill) - Pumped inflow

It should be noted that readings are normally made in the morning so, as with rainfall which is also measured in the morning, care needs to be taken to ensure that the inflow is assigned to the correct day.

Even where all the data are available the natural inflow calculated from the above equation is unlikely to be suitable for calibration of HYSIM. 

If the time step is daily the calculated inflow is likely to have a lot of “noise”. This is because for many reservoirs a small error in storage can result in a relatively large calculated inflow. Errors in measurement may be a result of wave action or wind fetch.

In other cases the time step may not be daily, for example weekly or monthly or irregular periods. Even where the readings are nominally at a fixed time period there will almost inevitably be times where readings are missed or delayed, due to public holidays for example. Another possible problem is that data may be available at different times steps. For example reservoir readings may be weekly and abstractions may be daily.  Where this complication arises, the formula might become:

Natural Inflow = 

(Storage2 - Storage1)/nds +(Supply+Compensation+Spill) - Pumped inflow

Where:

nds = the number of days between two readings of storage.

To produce a daily flow record in such a situation is a laborious task. This can often be made easier by using a macro with spread sheets or a short “one-off” computer program.

Where all the data are not available for the whole period the calculation becomes even more complex. In many cases it will be necessary to omit inflow calculations when data are missing. A common problem is that spill is not measured. Sometimes where spill is measured it is based on one daily reading of depth of flow over a broad spill-way and is not representative of the daily discharge. In such a situation, periods when the reservoir is full have to be omitted from the calculation.

Calibration data
For calibration purposes HYSIM needs a daily flow record. This does not need to be continuous but must be an accurate representation of the inflow. For reasons explained above, a daily flow record based on reservoir storage calculations is unlikely to suitable.  

Whilst the “noise” in a daily flow record is likely to be excessive it can be assumed that a monthly record will have less “noise”. In effect the relative error in the average monthly flow will be about 1/30 of the error for an individual day. The method provided in HYSIM makes use of this fact. It uses the flow record produced from reservoir calculations and a simulated daily flow record to produce a new record in which the monthly totals from the reservoir calculation are preserved but a daily values are apportioned on the basis of the simulated record. This new record is used for calibration of HYSIM.

As this is a frequent problem, HYSIM has algorithms prepared to handle it.

 To get the flow for calibration there is a three stage process.

 1. Calculate the inflow based on storage taking account of possible complications mentioned above. If there are periods where it is not possible to calculate flow, set the flow for these days to -999.9. 

 2. Simulate the flows for the catchment inflowing to the reservoir using  your best estimate of parameters. If you have a parameter set for a nearby catchment which has been calibrated, use those parameters. 

As an alternative you can use measured flow from an adjacent natural catchment. 

 3. Using the algorithm in HYSIM to produce a new flow file which preserves the monthly totals from the reservoir calculations and apportions them on a daily basis using the simulated record. 

The following chart shows a typical situation. 

	[image: image7.wmf]Reservoir flow for HYSIM

-0.5

0

0.5

1

1.5

2

2.5

3

3.5

Jan-96

Feb-96

Mar-96

Apr-96

May-96

Jun-96

Jul-96

Aug-96

Sep-96

Oct-96

Nov-96

Dec-96

m3/s

Reservoir inflow

Simulated daily flow

Inflow for calibration



	Reservoir inflow simulation


The black line present the inflow calculated from reservoir storage. In this case it used weekly storage but daily abstractions. The blue line shows the simulated flow from another catchment which had been calibrated previously. The line shows the flow record using monthly values from the reservoir calculations but apportioned on a daily basis.
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