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Introduction 

 

RHYHABSIM was developed to provide hydrologists, engineers and resource managers 
with an integrated solution to some of the more common hydrometric and hydraulic 
computations in flow assessment, such as: 

• calculation of flow 

• stage/discharge rating curves 

• hydraulic parameters 

• water surface profile analysis 

• incremental flow analysis (IFIM) 

• water temperature modelling 

 
 

The basic stream geometrical unit is a cross-section. A reach of river is a number of cross-
sections that represent significant channel characteristics. Each cross-section represents 
either a length of the reach or a percentage of the reach.  

A survey is usually made of the channel and waterway at one or more flows.  

This forms a model of the stream reach, which is then calibrated from field measurements 
for the flow. This flow is termed the survey flow and is the best estimate of the flow at the 
time of the survey. 

The model can then be used to predict water level, velocity and habitat suitability at other 
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flows. Any combination of reaches and cross-section can be combined for habitat analysis. 

Water depth and velocity is predicted for each measurement point in the model. The steps 
in this calculation are: 

• Water level at the new flow is calculated from a stage/discharge curve, and the cross-
section area and mean velocity are calculated for the water level and flow : Vm = Q/A 

• Depth at each point is calculated from the measured depth and the difference between 
the measured water level and that calculated for the new flow. 

• Velocity at each point is calculated from the conveyance at the new flow and the 
measured velocity. 

Calibration procedures fit water levels and flows (rating calibration gaugings) to rating 
curves and, for prediction of point velocities, the conveyance at each measurement point is 
related to the measured velocity. This ratio is the velocity distribution factor (VDF) and is 
used to calculate velocities at other flows. 

Up to 10 instream characteristics or attributes can be described at each measurement point. 
Typically, an attribute describes substrate, instream cover or water surface character, but 
any attribute may be recorded. 

Average river characteristics and the way in which these change with flow can be 
determined. Flows are specified as either the minimum flow to be modelled, the maximum, 
and the flow increment or a table of values. 

Water depths and velocities are predicted for each flow at each measurement point and 
summed over each cross-section and reach.  

Instream habitat suitability criteria can be applied to the simulated or measured water 
depths, velocities and recorded attributes to give the weighted usable area (WUA) of 
instream habitat. 

A reach is usually a section of river with similar morphology (i.e., slope, geology, channel 
form, and flow). Braided or multi-channel sections of a river can also be modelled. 

Reaches can be combined to give a total along a longer section of river. 

Data can also be specified as sets of offset and elevation pairs see RL. 

River modelling and habitat simulation is a step-by-step procedure: 

• checking data 

• model calibration and checking 

• simulating for required flows 

Model calibration is carried out automatically using default assumptions. The calibration 
should be checked and adjusted if required. 

Graphs 

The results of analyses are usually presented as graphs. If the graph refers to a cross-
section, results for other cross-sections can be displayed by clicking the arrow buttons. 

If a select button is visible, it is possible to select different variables or combinations of 
variables for the graph. 
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Graph axes and other features can be altered. See Graph options. Graphs can be saved as 
bitmaps or windows metafiles. 

Results can also be displayed as text if the Show as text speed button  of Graph menu 
item is clicked. Graphs, text and tables can be copied to the clipboard by either clicking the 

copy icon  or selecting copy in the edit menu or by using the keyboard shortcut Ctrl C. 

Graphs, text, and data can be saved as files. Graphs as windows metafiles or bitmaps, text 
as ASCII text or rtf (rich text format as used in WORD) and data as ASCII hab files. 

When text is pasted into a document tables can be easily reformatted using the Table 
AutoFormat function. 

Getting started 

Installing program 
Copy all files to a directory on your hard disk. The program runs on all PCs with Windows98 
or later versions.  

Run the RHYHAB.exe file directly by clicking 'Start', 'Run', and then entering the full 
program name (i.e., c:\RHYHABSIM\RHYHAB.exe) or create a shortcut and start the 
program by clicking on the RHYHABSIM icon.  

Required files 
The following files are necessary: 

 

RHYHAB.EXE Main executable programme 

RHYHAB.LIC Licence information for main programme 

RHYHAB.HLP Help file 

RHYHAB.CNT Table of contents for help file 

The following files are generated: 

RHABPRF.LIB Library of habitat suitability curves, imported 
as ASCII *.PRF files 

FLOWS.RPF Reaches, cross-sections, and flows selected 
for modelling. 

PRFS.RPF Selected habitat suitability curves 

 

Program organisation 
Click 'File', 'Open' to open the file. The main menu appears with the file name displayed 
above: 

The program is organised so that the user moves from left to right during data input and 
analysis, starting with importing data (under 'File', 'Import'), entering data by keyboard 
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(under 'File', 'New') or opening a previously saved file (under 'File', 'Open'), then checking 
(under 'Data', 'Check'), viewing and perhaps revising data (under 'Data'), then calibrating the 
model (under 'Calibration' and possibly 'WSP'), and finally running the model to produce 
habitat versus flow relationships (under 'Model').  

The 'Graph' menu is used only when graphs are on the screen; it holds 'Zoom' and 'Unzoom' 
facilities, 'Show as text' and 'Options' (which also appears when double-clicking on the 
graph). The 'Show as text' displays the numbers behind the graphs, which can then be 
printed (click 'File', 'Print') or copied (click 'Edit', 'Copy'), or use the icons below the menu 
bar.  

The last main menu option 'Help' explains the various components of the model, the 
underlying assumptions and how the calculations are carried out. It includes 'Contents', 
which is a manual and can be printed, and 'Index' for easy searching. The forward and 
backward arrows in 'Help' lead you through the topics. 

Data collection 
The input data usually consist of data collected during a first survey (sometimes there may 
be additional surveys of the same reach at other flows), and data collected at a number of 
follow-up visits (minimum two), referred to as 'first-follow-up data', 'second-follow-up data', 
etc.  

Data collection during first survey 

During the first survey, a number of cross-sections (sometimes referred to as 'sections' in 
RHYHABSIM) are entered into a reach. For the representation of cross-sections, two 
approaches can be used: The habitat mapping and the representative reach.  

In the habitat mapping approach, the reach under consideration is mapped according to the 
habitat type (run, riffle, pool), and each cross-section is given a percentage weight 
according to the proportion of the reach that it represents. This mapping is carried out by 
walking along or in the river and measuring the coverage of each habitat type. The 
distances between the cross-sections are not measured, only the percentage weights are 
important. The Whatakao River reach was surveyed using the habitat mapping approach. 
Data were collected at 15 cross-sections, with five 5 cross-sections placed in runs, 5 in 
riffles and 5 in pools (see the isometric view below). For this type of file, the isometric plot 
pictures the cross-sections evenly spaced.  

In the representative reach approach, data are collected over a relatively short length of 
river (i.e. 50 to 150 m). The reach is chosen to represent the longer river sector that contains 
it. The cross-sections are placed where longitudinal changes occur. Distances between 
cross-sections are measured (an isometric view would picture the cross-sections with the 
correct spacing; see for example the isometric view of the data held in the Opuha.rhb, which 
is a representative reach file), and all elevation data are surveyed to a common level. This is 
more time-consuming but allows greater checking of water level data and a more 
sophisticated hydraulic model (see below).  

In addition to the mapping (for habitat mapping) or measurements of the distances between 
cross-sections (for representative reach), the survey includes: 

(a) The flow is gauged at all cross-sections. This includes measuring the offset, the 
depth and the average vertical velocity at a number of points across the stream.  

(b) The points in the cross-section above the water level (on the banks) are levelled to 
allow modelling of the water surface at levels above the current water level.  

(c) The sizes of the substrate particles are recorded in an area around each point in the 
cross-section. 
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(d) Temporary staff gauges are established near the banks at all cross-sections, and 
the water levels are measured. If the representative reach approach is used, the 
water levels are surveyed to a common level. 

(e) The stage of zero flow (SZF) is identified and levelled for all cross-sections.  

The SZF is the water level at the cross-section if the flow were zero. The SZF is the higher 
of the two levels: (1) the cross-section minimum, (2) the highest point on the thalweg 
downstream from the cross-section. A pool usually has a downstream control, and (2) is the 
SZF; a riffle has no effective downstream control, and (1) is the SZF; a run may or may not 
have a downstream control that would retain water in the run if the flow were zero.  In some 
high flow situations, the SZF (as it is used in the rating curve equation) may not relate to 
either the minimum cross-section level or the level of the downstream control and is taken 
as the constant that produces the best fit to a set of stage/discharge measurements.    

Data collection during additional surveys 

Sometimes the same reach may be surveyed on a number of occasions with different flows. 
These surveys will involve the above points (a) to (d), except that the temporary staff 
gauges have already been established. See how to treat data from multiple surveys in 
Section 7.3.  

Data collection during follow-up visits 

At each follow-up visit, the data collection includes:  

(a) The flow is measured at one (the most suitable) cross-section. 

(b) The water level is recorded at all cross-sections, using the temporary staff gauges. If the 
representative reach approach is used, the water levels are surveyed to a common level. 

Input data 

File format 

RHYHABSIM stores data in non-ASCII files with the extension .rhb. Survey data can be 
entered directly into the program, or they can be entered into Excel files (extension .xls) or 
ASCII files (extension .txt or .hab) and imported into RHYHABSIM. You can see the format 
of the ASCII file by viewing the Whatakao.hab (or Opuha.hab) file in any ASCII viewing 
program, for example Notepad.  

 If the data are imported successfully, they are automatically calibrated and the calibration 
results are saved in the .rhb file. Changes to the calibration are also saved in the .rhb file. If 
import is not successful, the .hab or .xls files can be edited in RHYHABSIM and saved in 
their original formats (.xls, .txt, or .hab) before re-importing. Once a file is calibrated, the 
data held in the .rhb file (input data and calibration data) can be exported as a trio of ASCII 
files: .hab, .vdf and .con, the latter two containing the calibration data (see later). If the .vdf 
and .con files are present when importing a .hab file, they will be imported with the .hab file. 

'Cross-section' tab  

When you have opened a file, click 'Data', 'Edit/View'. Here you will see four tabs: 'Cross-
sections', 'Attributes', 'Points' and 'Gaugings' (for representative reach files there is also a 
'Layout' card). The 'Cross-sections' tab is already opened, and you will see that it holds data 
from 15 cross-sections, named according to whether they were placed in a pool, run or riffle. 
Here pools are sections of stream with relatively deep and slow-flowing water, runs have 
around average water depth, and riffles have water with relatively shallow and fast-flowing 
water. The title comment can store the data collection date and other relevant information 
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can be given here.  

To the far right on the 'Cross-sections' card you can see which approach has been used 
('Habitat mapping' or 'Representative reach') and whether point levels are to be entered and 
displayed as reduced levels (relative to a common datum). If 'Reduced level' is not ticked, 
levels (depths) are given relative to the water level (positive if the point is below the water 
level, negative if it is above the water level). 

Because Whataroa.rhb is a 'Habitat mapping' type, the numbers given under 'Distance' are 
not used for any calculations (and here they were just numbered consecutively), although it 
is useful to record the location of the cross-section along the river. The '% Reach' data are 
important in that they indicate the percentage that each cross-section represents of the total 
reach. For example, each of the five 'run' cross-sections represents 13.2% of the reach, 
which means that 66% of the reach was classified as 'run'. (Warning: If you change a 
'Habitat mapping' type to a 'Representative reach' type, the '% Reach' values will be 
recalculated (see how below), and the previous values would be lost and need to be re-
entered or re-imported.)  

For representative reach files, the distances between cross-sections are important because 
they are used to calculate the proportion of the reach that each cross-section represents. 
Try for example open Opuha.rhb to see that the '%Reach' area is calculated from the cross-
section distances. The 'length' of each cross-section is taken as the distance between the 
halfway points to the neighbouring cross-sections (see also the fifth card 'Layout'. [Note: If 
distances are altered in the layout they apply only to the graphic displays of the reach and 
are not used in the calculation of WUA). Because the first and last cross-sections only have 
one adjacent cross-section, their lengths are twice half the distance to that cross-section. 
The total reach length is the sum of the individual reach lengths, so that the reach length of 
the Opuha is 186.85 m. This is the distance between the first and last cross-sections (170.6 
m) plus half the distance between the first pair (6.45 m) plus half the distance between the 
last pair of cross-sections (9.8 m).  The '%Reach' represented by each cross-section is then 
its length divided by the sum of all the cross-section lengths. Thus, the '%Reach' for the first 
cross-section in the Opuha is 12.9 m/186.85 m x 100% (6.9%). You can adjust the layout to 
give a more realistic plan view of the reach, see 'Model', 'Plan view' (this only works for 
representative reach files), see more on this topic in Section 7.2. 

The last column on the 'Cross-sections' menu gives the water level for each cross-section 
as read on the temporary staff gauge. If levels of points in the cross-section are given 
relative to the water level, then the water levels are used to convert the measurements into 
a common datum. For example, if the water level at the time of survey is 9.8 m above sea 
level, a measured water depth of 0.32 m will correspond to a level of 9.8 m – 0.32 m (9.48 m 
above sea level). 

'Attributes' and 'Points' tab  

'Attributes' define the substrate types (or any other attribute) that were registered in the 
cross-section. The names of these attributes are shown under 'Points', along with other 
cross-section data. These data include calibration formula for the current meter, as well as 
coordinates for the points in the cross-section (offset and level), velocity (or revolutions and 
time) at 0.6 (or 0.2 and 0.8) times the depth below the surface (for points in water), and 
substrate composition at each offset. In both the Whatakao.rhb and the Opuha.rhb files, 
point levels are given relative to the water level with positive and negative values for points 
below and above the water level, respectively. Scroll between the cross-sections by using 
the arrows. 

'Gaugings' tab 

'Gaugings' holds the corresponding values of flow and water level at all visits. The first row 
shows the values for the survey (the survey flow and the survey water level), which cannot 
be edited here; the water level can be edited only on the 'Cross-sections' card, and the flow 
is calculated from the survey data (see 6 Hydraulic modelling). The other rows hold the 
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flows and water levels at the follow-up visits, and these can be edited here. The flow at a 
follow-up visit may be measured at only one (the most suitable) cross-section and is 
calculated before entered here, whereas the water levels must be measured at all cross-
sections (see Data collection during follow-up visits). The 'Gaugings' card has a stage-
discharge graph for easy identification of errors. Try entering an addition flow and water 
level to see how the point shows up on the graph. To delete that point, just blank out the 
entries. The 'Gaugings' card also holds the SZF, and the cross-section minimum is given for 
comparison. 

'Layout' tab 

'Layout' holds the data for the 'Plan' view (under 'Model) and is only available for 
representative reach files. The distances here are not used for any calculations but only to 
plot the plan view (the distances used in the calculations are given on the 'Cross-sections' 
card. To obtain cross-sections perpendicular to the reach, 'Angle to reach' should have the 
same values as 'Bearing' if the baseline is on the right; if the baseline is on the left the 
values should have the opposite sign.  

Checking and plotting data 

Data can be checked by clicking 'Check' on the 'Data' menu, and data for each cross-
section (and other data) are tabulated. (See 'Checking data' on the Help menu for a list of 
what is being checked.) Click 'Data', 'Cross-sections' to plot the cross-sections with 
measured velocities and SZF. This facility provides easy identification of errors. Use the 
arrows to scroll between cross-sections. Try also 'Isometric view' and 'Longitudinal profile'. 
The latter is most useful when cross-sections have been surveyed to a common datum 
('Representative reach data' files).  

Hydraulic modelling 
To set up the hydraulic model involves working through the three main items on the 
'Calibration' menu: 'Set survey flow', velocity distribution factors ('Edit' and 'Reset') and 
rating curves ('Display section ratings', 'Display/Edit all ratings', 'Select ratings' and 
'Recalculate'). This is done whether the data type is 'Representative reach' or 'Habitat 
mapping'. Water surface profile ('WSP') modelling is carried out only for 'Representative 
reach' files. 

Survey flow  

The survey flow is the best estimate of the flow during the survey when the cross-section 
data were collected.  

Click 'Data', 'Flows' to produce a list of the calculated flow and other hydraulic parameters at 
each cross-section. The flow at each cross-section is calculated from the mean-section 
method, assuming a logarithmic velocity profile where the average velocity is found at 
around 0.6 times the depth below the water surface, or as the average of the velocity 
measurements if more than one velocity was measured in the vertical (e.g., in 0.2 and 0.8 
times the depth below the surface, or in 0.2, 0.6 and 0.8 times the depth below the surface). 
Because of errors related to measurements and integration of velocities, the calculated flow 
for each cross-section usually varies up to 5-10% from the average, and sometimes more, 
especially for riffles and pools.  

If data for all cross-sections were collected at the same time and there was no water loss or 
gain between cross-sections, then the same survey flow will apply to all cross-sections. 
RHYHABSIM uses the average as the default value for the survey flow; however, another 
value can be specified under 'Set survey flow'.  In other situations, the user may want to 
average the flows from suitable run cross-sections and not use the values calculated from 
riffles and pools. 
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Note that at the follow-up visits there is often only one flow measurement (made very 
carefully with sufficient measurements of velocity and depth to produce an accurate flow 
measurements), so there is no choice. 

 Velocity distribution across cross-sections 

The velocity distribution factors (VDFs) define the transverse distribution of velocities across 
a cross-section. VDFs are used to calculate velocities at flows other than the survey flow 
and are assumed to be constant with flow. To see the values, click 'Edit velocity distribution 
factors'.  

Usually, the VDF values vary around 1. The value should be close to 1 for all segments, if 
the velocity isdistributed uniformly. However, you can see from the plots that the value 
usually reduces near the banks, and that the variation is largest in riffles because of the 
variation in roughness and velocity in the shallow flow across the channel. VDFs can only 
be calculated for points in the wetted cross-section. Points outside the wetted cross-section 
(marked by black) are given values equal to the nearest wetted point . Thus it is better to 
collect velocity data (i.e., to carry out a survey) at a high flow and predict velocities at lower 
flows than vice versa.  

The values of VDFs at points that were dry when the cross-section was surveyed and will 
become wetted at higher flows (black points), can be edited. (Warning: Other points (white) 
can also be edited, but this is not recommended as it means that the predicted point velocity 
will not be exactly the same as the measured velocity when you simulate the survey flow. It 
will also change all other predicted point velocities slightly.) Editing VDFs is done easily in 
RHYHABSIM by clicking and dragging the points on the lower half of the 'Edit velocity 
distribution factors' plots. This is especially necessary when points that were dry at the 
survey flow by default are given very high values. Observations in the field (boulders, plants, 
etc.) are helpful here. The original values calculated by the program can be obtained at any 
time by clicking 'Reset velocity distribution factors'. 

The modelled velocity distribution at different flows can be viewed under 'Model', 'Velocity 
distribution'. Try pressing Shift F2 to see what the velocities would be if VDF were equal to 1 
at all points ('VDFs not applied'). Press F2 again to return to the measured velocities ('VDFs 
applied'). Press Shift F1 to obtain the velocities for what is referred to as 'Best VDFs' 
(meaning 'Best guess of VDFs'). 'Best VDFs' have values equal to the ones calculated from 
the survey flow at lower flows, values of 1 at higher flows, and in-between values for 
intermediate flows (the exact criteria are described in 'Help' under 'Velocity distribution 
factors'). The effect of varying VDFs as described above on the modelled habitat compared 
to the results using constant VDFs can be seen by clicking 'Model', 'VDF sensitivity 
analysis'. 

Rating curves 

Rating curves (also called stage-discharge relationships) are used to convert flow (Q) into 
water level (H), and thus depth. The rating curves for all cross-sections are viewed 
individually by clicking 'Display section ratings' and all on the same plot by clicking 
'Display/Edit all ratings' on the 'Calibration' menu. Double-click on the plot to get to 'Options'. 
Three ratings are displayed on the section plots: (1) SZF rating, (2) Best SZF rating, and (3) 
Hydraulic rating. Both rating curve types (1) and (2) uses a form of least squares estimation 
to fit the equation 

Q = a(H – SZF)b 

to data (a straight line on a plot of log(H-SZF) versus log(Q)). Note that all curves go 
through the flow and the water level measured during the survey. This is done in order to 
achieve that, when the survey flow is modelled, the rating curves will predict the water level 
and consequently the predicted depths and velocities exactly the same as those measured. 
(This is a small departure from the procedures used in PHABSIM where predicted depths 
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and velocities are not exactly the same as those measured).  

Rating curve type (1), 'SZF rating', uses least square estimates of a and b and the 
measured value of SZF, while rating curve type (2), 'Best SZF rating' (meaning 'SZF that 
gives the best fit to gaugings), uses least squares estimates of a, b and a value of SZF that 
gives the best fit of the points to the curve. Thus, the value of SZF in (2) is allowed to 
deviate from the measured value, see for example Section 1 where the estimated value of 
SZF in (2) is –0.639 m and different from the measured value of -0.481 m in (1). Rating curve 
type (2) was included because it can be difficult to measure the SZF correctly in the field 
and/or rating curve (1) is not necessarily applicable over all ranges of water level. Rating 
curve type (3) is based on either Manning's or Chezy's formula (click 'Model', 'Options' to 
see which one, Manning's is used as default) with the water depth set equal to the water 
level minus SZF. The constant (either Manning's n or Chezy's C) is allowed to vary with flow 
(see how it varies by clicking 'Variation of Manning's n' under 'Options').  

The 'Display/Edit all ratings' plot the ratings curves for all cross-sections on the same plot. 
This is a good way to see whether some of the ratings deviate considerably from the others. 
The type of rating curve ('SZF rating', 'Best SZF raring' or 'Hydraulic rating') to be plotted is 
selected on the 'Options' dialogue (double-click on the plot to get to this, or click 'Graph', 
'Options'). The 'Edit' button on these three plots allows you to change the exponents of the 
rating curves, if needed. The preferred type of rating curve is selected using the last of the 
three menus under 'Calibration, the 'Select ratings'. Rating curve type (1) is the default 
option. In cases where there are enough flow gaugings covering a wide range of flows, all 
rating curves are usually well defined and follow the same path (use the 'Display section 
ratings' plot to compare the different types of curves) and any of the rating curves can be 
used. In more difficult cases, a guideline is that the exponent for types (1) and (2) should lie 
in the range 1.5-3.5.  All the selected rating curves for the reach can be viewed together by 
clicking 'Display/Edit all ratings' and choosing 'Show selected ratings' from the 'Options' 
dialogue.   

Water surface profile modelling 

The water surface profile (WSP) model allows water surface levels to be modelled using the 
principles of conservation of energy and momentum between cross-sections. This approach 
is only possible with 'Representative reach' data and is most useful in low-gradient streams. 
The profile is calculated from the most downstream cross-section and the predicted water 
levels (when two or more profiles are modelled) are used to form another (fourth) rating 
curve for all cross-sections except the lower one. This is particularly useful for rivers where 
the upstream cross-sections could not be surveyed more than once, or where the ratings 
curve types (1), (2) and (3) for other reasons are unreliable. However, the tendency is to use 
habitat mapping because it is less time-consuming in the field and the cross-sections can be 
spread over a larger area. 'WSP' is therefore placed on the main menu, separate from the 
other 'Calibration' items. Instructions on WSP modelling are found under 'Help' and not 
included here because of space limitations, but try run 'Fit roughness coefficients'  (which 
estimates Manning's n at and between cross-sections) and 'Calculate WSP' to plot the 
modelled water surface profile for the Opuha.rhb file.  

Having calibrated the hydraulic model, the velocities, depths and other hydraulic parameters 
can now be calculated for any level or flow (see for example 'Data', 'Section hydraulic 
properties' and 'Model', 'Velocity distribution'). 

Habitat modelling 

Suitability curves 

The first step of habitat modelling is to select the suitability curves for the species that you 
want to model habitat for. Click 'Model', 'Select suitability curves', and you will see a list of 
trout species in the library to the right. Select a curve by clicking on the arrow and it will 
appear to the left under 'Selected curves'. Double-click on the species name to see the 
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curves plotted (like in Figure 10.12). The suitability curves in the library are held in the file 
RHABPRF.lib (which is a non-ASCII file), which has been imported from the ASCII file 
TROUT.prf. By editing the ASCII file, it is easy to add other suitability curves to the library. It 
is recommended to always add the reference to the source of the suitability curve. We have 
here included suitability curves for different life stages of brown and rainbow trout from U.S. 
(Bovee, 1978; Raleigh et al., 1984a and b; Raleigh et al., 1986) and New Zealand sources 
(Hayes & Jowett, 1994; Jowett et al., 1996; Shirvell & Dungey, 1983), and suitability criteria 
for the production of their food supply (Waters, 1976).  

Warning: Habitat suitability criteria are the most important part of habitat modelling and have 
more influence on results than any other part of the procedure. Thus, it is important that the 
suitability criteria are appropriate, otherwise the results will be erroneous. 

Calculating and plotting habitat 

After the suitability curves have been selected, the modelled habitat at the survey flow is 
obtained by clicking 'Model', 'Measured section habitat' (plots) and 'Measured reach habitat' 
(numbers). The next item, 'Measured passage', calculates the flow (and width) required for 
fish passage; any minimum depth and maximum velocity can be specified.  

The modelled habitat for points ('Point habitat'), cross-sections ('Section habitat') and the 
reach as a whole ('Reach habitat') can be viewed for any range of flow (which can have 
unequal flow increments, click the box in the dialogue). For these plots it is possible to 
select a subset of sections (click on 'Section' under 'Select' to the right in the dialogue; click 
on 'Clear' to go back to the default option where all sections are selected). For the 'Section 
habitat' and 'Reach habitat' it is possible to pull in cross-section data from another file. Click 
on the 'Reach' button under 'Select' to the right and select a file. You are then asked 
whether you want to merge the selected file with the previous file. If you answer 'yes' to this 
question, the files will be merged (but can be un-merged by clicking on 'Clear' and you are 
back with the original file), and the 'Sections habitat' will show all sections from both files 
and the 'Reach habitat' will show the total habitat for all selected reaches on the same plot. 
The merging is indicated by a plus between the two names in the titles of the plots. If you 
answer 'no' to the question about merging, one plot is produced for each reach (use the 
arrows to move between them). The range of flow can be selected for each section by 
clicking 'Vary flow between sections' (but the number of flows modelled must be the same 
for all reaches).  

In all habitat plots ('Point', 'Section' and 'Reach') you can use the 'Select' button below the 
plot to view other parameters such as depth, width, Froude number, etc. The 'Reach habitat' 
curve is the main outcome of the model, showing the physical habitat area (also called 
weighted usable area, WUA) as a function of flow. It can be expressed as absolute values in 
terms of physical habitat area in m2 per m river (or m of river width) or in relative terms as a 
percentage (habitat area divided by total area), use the 'Select' button. The WUA-flow curve 
has a typical shape as shown in Figure 10.11 with an increase, a peak, then a slow 
decrease. Try run 'Reach habitat' for brown trout adult (Bovee, 1978) in the Whatakao from 
0.1 to 2.5 m3/s; the habitat peaks around 1.6 m3/s.  

For representative reach data the 'Plan' view provides a coloured iso-map of the parameter 
(hydraulic or habitat) highlighted in the list of attributes to the left for the flow indicated in the 
top box (change the flow and pres enter for an update of the plan view). Click on the left-
hand mouse button to see values of hydraulic parameters and habitat in the reach. Many 
options (open the dialogue box under 'Graph') are provided for this view; try for example 
changing the colours.  

 How to handle multiple surveys 

Data from multiple surveys, either of the same reach at different flows or of different 
reaches, can be analysed in two ways, either by treating each survey independently (in 
different files) or by including all cross-section data in one reach/file. The first and simplest 
way is to keep each reach survey in separate files, which are then combined for habitat 
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analysis using the 'Select reach button' in the 'Section habitat' or the 'Reach habitat' 
dialogue under 'Model'. 

Alternatively, all cross-sections for all reaches could be contained in one file. If the survey 
flow varies between cross-sections, the appropriate survey flow must be set for each cross-
section (by clicking 'Vary flow between sections' in the 'Set survey flow' dialogue under 
'Calibration'. When analysing reach habitat, it is possible to select the cross-sections to be 
analysed using the  'Select' button in the Reach habitat dialogue and in this way produce 
results for each reach or survey flow, even though the data are in one file. In both cases, 
cross-section data and results of analyses can be compared and then combined to produce 
an average result if required. 

Other analyses 

Other analyses are possible and most options in the program can be run simply by clicking 
on the menu items. For example, the effects of flow fluctuations are modelled by clicking 
'Model', 'Flow fluctuation'. 

Field Survey Techniques 
The purpose of an instream habitat survey is to compare the range of water velocities and 
depths that occur in a river, along with their co-occurrence with stationary stream elements 
such as substrate, bank formations, and cover with the preferred instream conditions. One 
survey will usually represent a section of river.  

Cross-sections are located within this section of river so that they represent the range of 
conditions that occur. There are two ways of doing this.  

Representative reach 
A representative reach contains a range of habitats, usually one or two pool/run/riffle 
sequences that are considered representative of a longer section of the river. The distance 
between cross-sections through a representative reach is usually small, especially in 
transition zones between habitat types.  

The distance between cross-sections is used to calculate the length of each cross-section 
and the percentage of reach it represents. If percentage values are specified, these are 
used instead of the percentage calculated from reach distances. 

Habitat mapping 
The reach is made up of cross-sections randomly selected from each of the habitat types 
present in the river. Technically this is known as stratified random selection. 

Mapping of a section of the river is carried out to define the habitat types present and to 
determine the percentage of each type within the reach.  Each cross-section represents the 
percentage of the habitat type in the reach divided by the number of sections in that habitat 
type.  

For example, if riffles made up 25% of a section of river and 6 cross-sections were surveyed 
in riffles then each cross-section would represent 25/6 or 4.2% of the river section. 

Longitudinal profile 
For water surface profile modelling, cross-sections must describe reach geometry in both 
longitudinal and cross-sectional profile. This means that a representative reach approach 
must be used where the elevation of every cross-section is related to the same datum and 
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sections are close enough to represent adequately both the variation in cross-section area 
and longitudinal profile.  

If cross-sections are selected with stratified random approach (habitat mapping), the data 
cannot be used for water surface profile modelling because the longitudinal profile is not 
defined. 

Equipment 
The instream habitat surveys are carried out with standard hydrological gauging equipment 
and can be done by wading, by boat, or raft. In addition, cross-sections need to be marked 
so that they can be found and identified on return visits and water levels measured. 

Equipment list 

·  Current meter and counter 

·  Gauging rod (preferably topsetting) or cable winch in boats 

·  Datasheets (preferably waterproof), pencil, and clipboard 

·  Tagline or tape 

·  Pins for fastening tape or tagline on each bank 

·  Peg or stake for marking cross-sections 

·  Marker pen for identifying cross-sections 

·  Hipchain or similar for habitat mapping 

·  Reinforcing bars, stakes or similar for temporary staff gauges 

·  Level, levelling sheets, staff, and tripod for levelling water  surface or temporary 
staff gauge 

 

Survey method 
Usually, a survey aims to provide information on how  the habitat or hydraulic conditions at 
low flows. Thus, the survey is  best carried out at low flow to minimise error in  extrapolating 
beyond the measured conditions.  

Instream habitat  surveys may also be used to determine the effect of flow on  spawning 
grounds or fish passage. Surveys of this nature usually  concentrate on known spawning 
areas or shallow rivers sections. 

The habitat types in the section of river to be surveyed are  determined by examining a 
reasonable length of river. The habitat  types, pool/run/riffle, can sub-divided depending on 
the river and survey  purpose. Once the habitat types are defined, the length of each is 
measured  and cross-sections randomly selected in each habitat type.  Often, the first cross-
section is chosen in the least common habitat type,  with other cross-sections located in 
adjacent habitat types. 

Cross-sections should be clearly identified in the field and field data  (offset distances, 
depths, number of revolutions and times and  especially levels) should be accurate and 
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systematically recorded.  

A tagline or tape is strung across the river at right angles to  the flow. It does not matter 
whether the tape zero is on the left  or right bank, but it is preferable to be consistent, so that 
when  plotted data are viewed, cross-sections will be consistently  either looking upstream 
or downstream. 

Temporary staff gauge 

The water level is marked by a temporary staff gauge, such as  a reinforcing bar or stake. 
This is driven into the streambed in a sheltered location on the  cross-section in about 10-20 
cm of water. The top of this gauge can be used  as one of the section benchmarks. Two 
other benchmarks should be  established on the bank so that any movement in the 
temporary  gauge can be detected and corrected if necessary. Each benchmark  should be 
levelled and the water level referenced to the top of  the gauge ( zero if flush with the water 
surface). A gauge can  accurately measure small changes in water level for derivation of  
the cross-section rating curve.  

Braided channels 
Each channel in a braided channel is initially treated as a  separate cross-section, with 
temporary staff gauges in each  channel. If it is found that the level variation with flow in  
each braid is similar, the braids can be treated as one continuous cross-section,  otherwise 
they are analysed separately with survey flows, rating curves, and stages of zero flow 
varying at each cross-section. 

This procedure is repeated until the required number of  cross-sections are surveyed. If 
flows are changing during the survey,  stage at one site should be recorded throughout the 
day so that  this can be related to the time and flow of each cross-section  survey. 

Rating curve calibration 
Two or more follow up surveys are  required to establish the variation of water level with 
flow.  

Stage/discharge calibration should be done as soon as possible to  minimise the chance of 
rating changes occurring between the  survey and follow up measurements. 

On the follow up visit, flow is measured  at a good gauging site and the water level at each 
cross-section  (or downstream section for WSP analysis) measured. Bench  marks and 
temporary gauge levels should be checked against the  original survey in the field and the 
source of any discrepancy  determined, as this could be either survey error or benchmark 
movement. 

Reach and cross-section location 

Representativeness 

The reach or section of river surveyed should represent the average characteristics of the 
river and contain a range of habitat types or attributes.  

If the number of cross-sections in a reach is small, results can be unduly influenced by 
unusually wide cross-sections, because the area each cross-section is assumed to 
represent a proportion of the reach. 
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Multiple reaches 

A number of reaches may be surveyed to represent the different characters of sections of 
stream. These reaches can be summed to give an average for the river. Usually, a river will 
only be divided into multiple reaches if the flow varies between reaches. For example, 
upstream and downstream of a tributary stream 

Fish passage surveys 

In some cases, reaches may not be representative of average conditions. 

For example, the shallowest riffles may be modelled to determine the flow at which the 
depth falls below a critical level for the passage of fish. 

Number of cross-sections 

The number of cross-sections surveyed and the total number of measurements across each 
section should increase as the variability of the stream geometry increases. A minimum of 5 
cross-sections in each habitat type is recommended. 

The number of cross-sections required for a comparison of habitat quality between sections 
of river or between rivers is greater than the number required to establish the pattern of 
habitat variation with flow. 

Cross-section measurements 

Offset origin 

The offset is the distance across the cross-section from an origin. Usually the origin is the 
zero of the tape or tagline, but negative values can be used if required. 

Measurements are made along each cross-section, usually at fixed intervals, but with 
additional measurements at the water's edge and abrupt changes in section. Changes in 
grade across the section should be recorded to obtain the best representation of the section 
area.  

Bank measurements 

Offset distances, heights above water level, and substrate composition are estimated for the 
bank and waters edge at all changes of grade, usually up to about 0.5 m above water level 
or up to the water level of the highest flow to be simulated. 

Heights above water level (a negative value of water depth) can be estimated or measured 
down from a horizontal tagline using wading rods, levelled.  

Instream measurements 
An initial estimate of offset spacing can made by dividing the river width by 10-15, and 
rounding down to the nearest convenient increment. 

Measurements are made at regular intervals across the stream, with extra measurements 
where the depth or velocity changes suddenly. This means that boulders, as well as overall 
bed shape, should be well defined by measurements taken at the foot, waters edge, top of 
large boulders or similar bed elements, on both the left and right sides. 

Each waters edge should be a measurement point with zero depth and velocity.  This 
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makes sure that there is no confusion between points measured above the water level and 
those measured below, such as would occur if the negative sign for a point above water 
level were inadvertently omitted. 

After the last instream measurement, the outer waters edge and bank is defined. 

Velocity 

Velocity measurements should be made at all instream offset points and very small 
velocities should not be ignored. Reverse currents should be recorded as a negative 
number of revolutions.  

The movement of silt can be used to assess current direction and magnitude when 
velocities are too small to measure. Velocity or revolutions and time measurements (at 0.6 
depth below water surface or at 0.2 and 0.8 if the depth exceeds 1 m or there is an unusual 
vertical velocity distribution) are recorded.  

Water velocities can be measured with 20-second counts rather than the more standard 40 
second count. If this is done the actual count and time should be recorded rather than 
doubling a 20 second count to make it appear as a 40 count.  

Stream attributes 

Attributes (substrate etc.) are recorded for every offset both instream and on bank. 
Generally, visual assessments are the only practical method of assessing substrate 
composition. The average substrate composition in the region of the measurement point 
should be assessed. The area examined will depend on offset spacing, but should not 
exceed 0.5 m either side of the point and 1 m upstream and downstream.  

Substrate categories used are commonly, bedrock, boulder (>264 mm), cobble (64-264 
mm), gravel (8-64 mm), fine gravel (2-8 mm), sand (<2 mm), silt, and vegetation (bank or 
instream debris). These categories are arbitrary and any subdivision is possible and could 
be changed depending on the purpose of the survey.  

The categories used in the survey should match those described in the habitat suitability 
curves. 

For example: 

A spawning suitability survey might only use two substrate categories, suitable for spawning 
and unsuitable.  The suitable category could be called "Gravel" and the unsuitable category 
"Vegetation". The habitat suitability curves would give  "Gravel", substrate index 5, a weight 
of 1 and all other substrate categories a weight of 0. 

Data 
  

Files 
RHYHABSIM data files have the extension RHB and contain binary information describing 
the data and calibration model for a reach of a river. From version 3.2 of RHYHABSIM RHB 
files can be compressed so that they occupy less space.  

To compress a file and utilise the advantages of file compression, set file compression by 
selecting File compression under the Data menu. Compressed files cannot be read by 
earlier versions, but data can be either be saved as a RHB file after setting no file 
compression or transferred by saving as .HAB files (and associated .CON and .VDF files). 
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Data can be entered directly into a newly created file (New option in the File menu) or an 
existing file can be opened. 

Data is recorded on three forms, one for reach details, one for attributes and gaugings, and 
one for cross-section details. 

Reach details 
The reach form contains: 

Title:  

 any description of the river, name, and date of survey. 

Survey type:  

Representative reach - representative reach where each distance is the distance from the 
downstream cross-section and levels are all to the same common datum. 

Habitat mapping - each cross-section represents a percentage of the reach length. 

Reduced level - bed profile and levels in terms of a datum rather than positive water depths 
below water level and negative heights above water level. 

Cross-section details 
Name - any name 

Section ID (Habitat mapping) or distance (Reach) 

Percentage reach (for Habitat mapping) 

Water level - water level at time of survey 

Stage of zero flow  

Cross-sections can be added, deleted or inserted by first clicking on the Cross-section 
number (left of the row). 

Distance, name, and percentage 

A distance or section ID is specified for each cross-section. The distance and section name 
identify the location of the cross-section.  

The section name usually identifies the habitat type and location.  

The percentage is the percentage of the reach represented by the cross-section. In a 
representative reach, this percentage is the percentage of the reach length. With habitat 
mapping, each cross-section represents a percentage of the habitat type. 

Geometrical layout 
The geometrical layout of the reach can be specified so that the "plan" view is realistic. 

This requires specification of the distance and bearing between cross-sections, and the 
angle of the cross-section to the reach See plan view. 

The layout is specified in the Edit/View option of the Data menu. Habitat mapped data 
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cannot be displayed as a plan view and the data type must be Reach and not Habitat map. 
However, habitat mapped data can be displayed as a reach simply by changing the survey 
type from habitat mapping to representative reach. When this is done, the distances 
between cross-section origins must be specified appropriately. 

Cross-sections are plotted so that the first cross-section is at the bottom of the plan and the 
last at the top. 

If the first cross-section is the downstream section then the direction of water flow is from 
the top of the plot to the bottom. This is the normal engineering convention.' You can also 
specify whether the survey was carried out from the left or right bank. The left bank is the 
left hand side of the plan view. 

Representative reach cross-sections should usually be in upstream order - the first section 
is the most downstream section. If data are entered in downstream order, there is no way of 
altering the order, other than by re-entering the cross-section data in the reverse order. 

The left or right bank location of the section origin can be changed by selecting the Layout 
page of the Edit/View menu under Data. 

 

  Cross-section water level 
This is the water level at which measurements of water depth and velocity are made. The 
water level is referenced to an arbitrary datum and need not be referenced to the same 
datum. 

This water level andthe flow that is calculated from measured depths and velocities make 
up the survey stage and measured flow. 

The water level at the time of the survey is used to convert measurements of water depth to 
a common datum. Levels in terms of a common datum are termed reduced levels or 
elevations. Data taken from maps or topographic surveys are usually already in terms of 
reduced level or elevation. 
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If bed profile data are specified in terms of reduced level, any water level must also be in 
terms of the same datum. If bed profile data are in terms of RL and the channel is dry, it is 
not necessary to supply a water level. 

For habitat mapping, a consecutive number can be specified as a distance rather than the 
actual distance between cross-sections. 

For habitat mapping, all water levels do not have to be to the same datum. Each cross-
section can use its own local datum, usually the top of the peg or pin marking the location of 
the cross-section. 

Each braid or multiple channel is treated independently, and has their own set of levels, 
survey flows, and datum. 

Stage of zero flow 
The stage of zero flow is the estimate of the water level that would occur when flow is zero. 
In riffles it is normally the lowest point in the cross-section, but for runs and pools it is the 
lowest point in the cross-section that controls the level of the pool or run, such as the riffle at 
the tail of a pool.  

If no level is specified, the SZF will be assumed the minimum section level. 

The SZF is to the same datum as the cross-section water level and is shown as a black line 
on the cross-section plot . 

Attributes 
An attribute is any characteristic of a point on a cross-section. Attributes are most commonly 
used to describe substrate composition (% of each type). 

Attribute specifications can be added or deleted by first clicking on the list of attributes 
(blank if none have been entered). Once in this list, attributes can be added, either by 
selecting one of 8 substrate types or entering a name. Any name can be edited or 
associated with a different substrate type. 

The maximum number of attributes for a reach is 10. 

Substrate names 

There are eight basic substrate types: 

 

Id. Substrate Size (mm) 

1 Vegetation - 

2 Silt (Mud) <0.06 

3 Sand 0.06-2 

4 Fine gravel 2-8 

5 Gravel 8-64 

6 Cobble 64-264 
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7 Boulder >264 

8 Bedrock (Rock) - 

 

If any of the substrate types are specified, the Check menu option will check that the 
substrate composition at each point sums to 100%.  

If the substrate composition at a point does not sum to 100%, the error can be corrected in 
the Edit/View option of the Data menu. 

It is possible to get an error message stating that the substrate composition does not sum to 
100%, but the Check option indicates that the substrate composition at all points is 100%. 

This situation arises when two attributes have been assigned to the same substrate 
category, usually there will be an 'S' and 'M' attribute with both assigned to mud.  To correct 
this, edit the data (Edit/View option of Data) and go to the attribute page. Click on the 
offending attribute (usually S) then the edit button. Assign it to the correct substrate type 
(e.g., sand), close window, saving the file. 

Gaugings 
Pairs of stage and discharge measurements taken at a cross-section at flows other than that 
of the survey are used to define rating curves. 

The units of gaugings are m3/s for discharge and metres for stage. The stage must be to the 
same datum as the water level in the cross-section description.  

Every gauging is a pair: 

stage in metres  discharge in m3/s.  

New entries are created when enter is pressed. 

Gaugings are deleted when there is no data specified for the stage and discharge. The user 
will be prompted to save the file when the OK button is pressed. 

The rating curve is re-plotted whenever a gauging is added or deleted. This occurs when the 
user moves the cursor to a new location in the gauging table. 

The maximum number of gaugings is 8. 

Cross-sections 
Cross-section data must specify offset and depth pairs. The depth can be in terms of 
reduced level or more commonly as a depth, where the depth is the height above (-ve) or 
below (+ve) the water level. 

If only depth and offset are specified in a cross-section, the flow is assumed to be the 
survey flow and velocities are calculated assuming a uniform flow distribution (i.e. VDF=1). 

If velocities are recorded or entered they can be pairs of meter revolution counts and time or 
a velocity. If the former, the meter calibration constants must be specified. 

The cross-section form lists: 

• distance 
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• name  

• water level 

and optionally  

• current meter calibration constants (Levels only not checked) 

• percentage of reach (Habitat mapping) 

Most of these items can be entered/altered on either this form or on the reach form. 

Checking the Velocity checkbox will set up the form for entry of velocities rather than 
revolutions and times. 

New points can be added to the cross-section by either pressing enter after the last point is 
entered or by clicking the Add button. Points can also be inserted or deleted within a cross-
section. 

The next cross-section can be added either with the new button on the cross-section form or 
the add button on the reach form. 

Meter constants 
The meter constants are the slope and constant in the equation used to convert the 
measurement of revolutions/second to a velocity, i.e. 

velocity = slope x revolutions/second + constant 

Multipoint velocity measurements 

Multi-point velocity measurements (e.g. at 0.2 and 0.8 or 0.2, 0.6 and 0.8 depth) are 
averaged to give the mean velocity in the vertical. 

Multipoint measurements repeat the offset and depth measurement with the velocity reading 
or count at each point in the vertical. The order (0.2 or 0.8) does not matter. Multipoint 
velocity measurements must specify exactly the same offset and depth. Two sets of 
measurements with the same offset and different depths will be assumed to be a vertical 
wall. 

Offset and depth 
The offset is the distance from the cross-section origin and the level may be either as a 
water depth (negative if above water level), or an elevation (Levels only checked on reach 
form). 

Offsets must be entered in ascending order. 

Negative depths represent a height above the water surface.  

Values should be entered for every data item at an offset.  

Vertical banks have offset values that are the same, but depths are different. 

Multiple velocity measurements are also specified with the same offset, but have the same 
depth. 

Overhanging banks should not be included in the data, as the prediction of velocity and 
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habitat suitability will be incorrect if an overhang is underwater. 

Negative current meter counts indicate water flowing upstream, as in eddies. 

Units 
Data units are metric. Decimal points need only be entered where required. 

offset, depth, 
distance  

metres 

elevation or reduced 
level  

metres 

flow   cubic metres/second 
(m3/s) 

velocity   metres/second 

current meter 
revolutions  

integer number 

time for revolutions seconds 

substrate attributes Percentage (%) 

other attributes   any unit 

Files 
Data can be imported from a text (ASCII) file ( *.hab) or Excel file ( *.xls) and saved in a data 
file with the extension RHB. 

When importing Excel files, you select the sheet to import and the RHB file will be created 
with the name of that sheet. 

In this way, multiple reaches can be stored on separate worksheets and imported 
independently to create RHB files. 

Remember when using Excel files that the single quote is used by Excel to denote text. If 
attributes (substrate types) and section names are the first data in a cell, you enter two 
single quotes and the second is recognised as text. 

If an error is detected when importing, the file will be displayed and any errors corrected. 

When the window is closed, the Excel or text file will be saved and, in the case of EXCEL, 
only the worksheet that has been edited will be replaced. 

Other text data files are also used for import and export. These end with the extensions 
CON and VDF.  

They contain calibration data in the DOS RHYHAB format. When imported these data are 
stored in the RHB file. This overrides the automatic calibration of VDFs, survey flow, and 
rating curves. 

CON - hydraulic calibration parameters - survey flow, rating curve parameters, WSP 
parameters 
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VDF - velocity distribution factors 

When importing a habitat text file, you are given the choice of importing the existing 
calibration data, if the files exist. If existing calibration data are not imported, the model is re-
calibrated. 

Export 
Data saved in the RHB file can be exported as ASCII text files; the reverse procedure used 
for import. Use the Export menu with file type HAB. 

Hab file export also creates other files that contain calibration data. 

The order of data in a text data file is similar to the order used in the field. The text file 
format is useful because it can be read or written by any text editor or word processor. 

Numerical data can be separated by one or more blanks or tabs and fixed format is not 
required, but is useful for visible checking. 

Warning 

Certain word processing programmes can insert non-standard control characterise into the 
text. While TAB characters are recognised, others may not be. 

Use text editors in non-document mode or save as text (ASCII). Format can be checked by 
listing on the screen with the DOS command TYPE. Stray or unusual characters or unusual 
screen behaviour will indicate the presence of control characters. Datasets are identified by 
filename. 

Reach details 
The first lines of the text file can contain any information, such as a description of the river, 
name, and date of survey. This is the equivalent of the in the data entry form. 

In the text file, specification of reach data begins with the word BED, an optional keyword 
RL, and a description of up to 10 attributes (or substrates) that will be specified for each 
cross-section of the reach. 

If RL is specified all level data (bed profile, gaugings, SZF, water level) is specified in terms 
of reduced level. 

If not specified the gaugings, SZF, and water levels are in terms of a datum, but water depth 
measurements are relative to the water level, with a depth positive and a height above water 
level negative. 

Attribute names are enclosed in single quotes and the order of attribute names is the order 
in which the corresponding numeric values appear in the cross-section data. e.g. 

BED 'BEDROCK' 'BOULDER' 'COBBLE' 

If no attributes are recorded the word BED is sufficient. 

Any attribute name may be specified but the following, in upper or lower case, are 
recognised as substrate descriptors to which habitat suitability criteria apply. 

Substrate names 
There are eight basic substrate types the keywords for which are: 
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Id. Substrate Size (mm) 

1 Vegetation - 

2 Silt (Mud) <0.06 

3 Sand 0.06-2 

4 Finegravel 2-8 

5 Gravel 8-64 

6 Cobble 64-264 

7 Boulder >264 

8 Bedrock (Rock) - 

Alternative keywords are shown in brackets. 

Cross-sections 
Data is then entered cross-section by cross-section:  

• distance 

• name  

• water level 

and optionally  

• current meter constants 

• percentage of reach 

Distance, name, and percentage 

A distance or section ID is specified for each cross-section. The distance and section name 
identify the location of the cross-section.  

If the habitat mapping model is used and cross-section locations selected in habitat types 
rather than as a representative reach, the percentage of the reach that the cross-section 
represents is specified after a percentage sign, and the cross-section distance will be 
treated as a station identifier and may be consecutive numbers. 

The section name usually identifies the habitat type and location. The name is enclosed in 
quotes (") and can contain a maximum of 20 characters. 

The total of the main channel cross-section weights should add to 100%. 

Water level 

The water level at time of survey: to same datum as SZF and gaugings. 

Meter constants and velocity 



RHYHABSIM 3.2 

 

24

If data is recorded as meter revolutions and time, rather than as velocities, the current meter 
constants are specified after the keyword METER. 

The meter constants can be either two or five values.  

The meter constants are the slope and constant in the equation used to convert the 
measurement of revolutions/second to a velocity, i.e. 

velocity = slope x revolutions/second + constant 

If two constants are entered the first is the slope or multiplier and the second the constant. 

If five are entered a double rating is applied the fist pair of slope and constant are applied to 
the revs/sec and the second pair are applied when the revs/sec exceeds the third value. 

If the keyword METER is not specified then data values are assumed to be velocities rather 
than revolutions and times. 

25.0  'xsect-02' 7.632     %6.3 
Distance 'name' water level percentage 

If the keyword METER is not followed by meter constants the values for the previous section 
will be used. 

If the keyword METER is not specified then data values are assumed to be velocities rather 
than revolutions and times. 

25.0  'xsect 2'  7.632  METER  0.680  0.06 
Distance 'name' water level meter mult. const. 

or with two stage meter rating 

25.0  'xsect 2'  7.632  METER  0.680  0.006  .032  .725  .002 
Distance 'name' water level meter mult. const. 

or if velocities are to be entered 

25.0  'xsect-02'  7.632 
Distance 'name' water level 

Multipoint velocity measurements 
Multi-point velocity measurements (e.g. at 0.2 and 0.8 or 0.2, 0.6 and 0.8 depth) are 
averaged to give the mean velocity in the vertical. 

Multipoint measurements repeat the offset and depth measurement with the velocity reading 
or count at each point in the vertical. The order (0.2 or 0.8) does not matter. Attributes must 
be entered with the first velocity measurement, but need not be repeated for the following 
multi-point measurements. 

Cross-section rating data - gaugings 

Pairs of stage and discharge measurements (gaugings) taken at a cross-section at flows 
other than that of the survey are used to define rating curves. 

Gaugings are listed after the cross-section description.  

The units of gaugings are m3/s for discharge and metres for stage. The stage must be to the 
same datum as the water level in the cross-section description.   
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Stage for zero flow 
An estimation of the water level at zero flow (SZF) should be made at each cross-section. 
For riffles, the SZF will usually be the minimum level and it is not necessary to record this. 
However, for runs and pools the water level at zero flow will be controlled by some 
downstream feature, usually the minimum level of the downstream bar or head of riffle. This 
can be estimated by measuring the maximum depth across the bar or riffle head or by 
levelling to determine the  "highest" point on the downstream thalweg. The measurement of 
stage of zero flow should be in terms of the same datum as the measurement of water level. 

 

The stage at zero flow can be entered after the gaugings. The stage at zero flow is the 
estimated water level at zero flow and forms part of the rating equation: 

Flow = a * (WL-SZF)^b 

Riffles and some runs will be dry when the flow drops to zero so that the stage at zero flow 
is the section minimum and need not be entered specifically. However, pools are not dry 
when the flow drops to zero and at zero flow the water level will be the minimum level of the 
downstream riffle or bar. 

The format for gaugings and stage of zero flow is the keyword GAUGING followed by the 
stage and discharge e.g. 

GAUGING  9.234  .537 
GAUGING  .234  .537 
GAUGING  .234  .537 
SZF   .702 

Up to eight gaugings may be entered. 

Offsets and depths 
A cross-section is a series of pairs of values of offset and level measured at right angles to 
the flow. The offset is the distance from the cross-section origin and the level may be either 
as a water depth (negative if above water level), or an elevation (RL specified in text file). 

Negative depths represent a height above the water surface.  

Vertical banks have offset values that are the same, but with different depths (unlike 
multipoint velocity measurements).  

Overhanging banks cannot be described. 

Measurements across the section must be entered in ascending order of offset with one 
offset per line. 

The data items in order are: 

For depth data 

4.0  6.0 0 10 90 
offset  depth up to 10 attributes (optional) 

or if velocities are measured 

4.0  6.0  0.96  0 10 90 
offset  depth  velocity up to 10 attributes  
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or if revolutions and time is specified. 

4.0  .60  40  45.6 0 10 90 
offset  depth  revolutions time up to 10 attributes  

Values must be entered for every data item at an offset, except for multiple depth velocity 
measurements, when attributes can be omitted after the first multiple measurement. The 
same number of attributes must be entered at every section.  

Negative current meter counts indicate water flowing upstream, as in eddies. 

The keyword END indicates the end of a cross-section and repetition of the keyword END 
indicates the end of a reach and the end of the input data. 

Measurement of water level 
The most accurate method of measuring water level is to establish a temporary staff gauge 
in the river. The water level can then be measured from the top of this gauge. Reinforcing 
bars about 50 cm long or wooden stakes about 1 m long are ideal for this. 

The purpose of water level measurements is to establish the change in water level with flow, 
so pins should be located where turbulence is minimal and levels can be measured 
accurately.  The water level at the gauge need not be the average water level across the 
section, but must reflect changes in the average level. For WSP modelling, the water level 
must represent the average water level of the cross-section. 

If bars are driven flush with the water surface at the survey flow, it is only necessary to 
measure the height above or below the top of the pin to determine the change in water level 
on subsequent visits. 

If pins or gauges are to be left for some time, they should be levelled into two benchmarks 
on the bank so that any movement can be detected. 

Water surface profile water level 
For water surface profile modelling the water level should represent the level of the bulk of 
the flowing water, and should be measured at three positions across the section - left bank, 
right bank and at a mid point. This usually involves levelling with a staff and level. When 
levelling the water surface at the banks, the staff should be held clear of any instream 
obstructions which are likely to influence the water level locally. 

The longitudinal flow profile is the level at each cross-section plotted against the distance 
upstream and should be a smooth curve without anomalies such as water flowing uphill. 

All levelling should be closed and carefully checked. Errors in levelling water surfaces are 
difficult to detect retrospectively and there is rarely any opportunity to repeat the 
measurements. 

Selection of attributes 
Eight standard substrate types are listed as the available attributes. However, an attribute 
with any name can be added to this list. 

Any of the 8 standard substrate types or any of the additional attributes can be selected as 
one of the reach attributes. 

A maximum of 10 attributes can be selected for any reach. 
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When a new attribute is selected for a reach, zero values are generated for each point in 
each cross-section. If an existing attribute is removed, all values for this attribute are 
deleted. 

Example of data file 
This is description of a reach with 2 cross-sections 30.9 m apart. 

This is Representative reach data 

Comments e.g. date: location 

BED                'BE' 'B'  'C'  'G'  'F'  'S'  'SI' 'V' 
0.0     'Section 1'   1.107   METER  10.679    0.009  
0.0  -1.0 0    0    0    0    0    0    0    0    0    100 
1.5  0.0  0    0    0    0    0    0    0    0    0    100 
1.7  0.87 1    24.2 0    0    890   0    0    10   0    0 
2.2  1.2  2    25   0    0    90   0    0    10   0    0 
3.6  1.04 2    24.5 0    0    80   20   0    0    0    0 
3.7  0.97 4    27.7 0    0    80   20   0    0    0    0 
4.7  0.78 6    20.9 0    0    80   20   0    0    0    0 
5.7  0.52 14   20.7 0    0    30   60   10   0    0    0 
6.7  0.30 13   21.2 0    0    30   60   10   0    0    0 
8.0  0.24 15   21.1 0    0    20   80   0    0    0    0 
9.5  0.24 16   21.4 0    0    50   50   0    0    0    0 
11.0 0.22 11   20.2 0    0    50   50   0    0    0    0 
12.5 0.20 13   21.1 0    0    20   70   10   0    0    0 
14.0 0.23 12   20.9 0    0    20   70   10   0    0    0 
15.5 0.29 13   20.2 0    0    20   70   10   0    0    0 
17.0 0.38 17   20.9 0    0    20   70   10   0    0    0 
18.0 0.47 20   20.5 0    0    10   70   20   0    0    0 
19.0 0.63 18   20.5 0    0    10   70   20   0    0    0 
20.0 0.65 5    24.1 0    0    10   70   20   0    0    0 
21.0 0.84 2    22.5 0    0    20   60   20   0    0    0 
21.4 0.78 1    23.2 0    0    30   70   0    0    0    0 
21.6 0.0  0    0    60   0    0    0    0    0    0    40 
22.0 -1.0 0    0    100    0    0    0    0    0    0    100 
END 
30.9      'Section 2'  1.128  METER  10.68  0.006  
0.0  -1.0 0    0    0    0    0    0    0    0    0    100 
1.5  0.0  0    0    0    0    0    0    0    0    0    100 
1.7  0.87 1    24.2 0    0    90   0    0    10   0    0 
2.2  1.2  2    25   0    0    90   0    0    10   0    0 
3.6  1.04 2    24.5 0    0    80   20   0    0    0    0 
3.7  0.97 4    27.7 0    0    80   20   0    0    0    0 
4.7  0.78 6    20.9 0    0    80   20   0    0    0    0 
5.7  0.52 14   20.7 0    0    30   60   10   0    0    0 
6.7  0.30 13   21.2 0    0    30   60   10   0    0    0 
8.0  0.24 15   21.1 0    0    20   80   0    0    0    0 
9.5  0.24 16   21.4 0    0    50   50   0    0    0    0 
11.0 0.22 11   20.2 0    0    50   50   0    0    0    0 
12.5 0.20 13   21.1 0    0    20   70   10   0    0    0 
14.0 0.23 12   20.9 0    0    20   70   10   0    0    0 
15.5 0.29 13   20.2 0    0    20   70   10   0    0    0 
17.0 0.38 17   20.9 0    0    20   70   10   0    0    0 
18.0 0.47 20   20.5 0    0    10   70   20   0    0    0 
19.0 0.63 18   20.5 0    0    10   70   20   0    0    0 
20.0 0.65 5    24.1 0    0    10   70   20   0    0    0 
21.0 0.84 2    22.5 0    0    20   60   20   0    0    0 
21.4 0.78 1    23.2 0    0    30   70   0    0    0    0 
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21.6 0.0  0    0    60   0    0    0    0    0    0    40 
22.0 -1.0 0    0    0    0    0    0    0    0    0    0 
END 
END 

This is description of a reach with 2 cross-sections,  with the first representing 60% of the 
reach area and the second 40%. 

This is HABITAT MAP data. 

Comments e.g. date: location 

BED                'BE' 'B'  'C'  'G'  'F'  'S'  'SI' 'V' 
1     'Section 1'   1.107   METER  10.679    0.009 %60 
0.0  -1.0 0    0    0    0    0    0    0    0    0    100 
1.5  0.0  0    0    0    0    0    0    0    0    0    100 
1.7  0.87 1    24.2 0    0    890   0    0    10   0    0 
2.2  1.2  2    25   0    0    90   0    0    10   0    0 
3.6  1.04 2    24.5 0    0    80   20   0    0    0    0 
3.7  0.97 4    27.7 0    0    80   20   0    0    0    0 
4.7  0.78 6    20.9 0    0    80   20   0    0    0    0 
5.7  0.52 14   20.7 0    0    30   60   10   0    0    0 
6.7  0.30 13   21.2 0    0    30   60   10   0    0    0 
8.0  0.24 15   21.1 0    0    20   80   0    0    0    0 
9.5  0.24 16   21.4 0    0    50   50   0    0    0    0 
11.0 0.22 11   20.2 0    0    50   50   0    0    0    0 
12.5 0.20 13   21.1 0    0    20   70   10   0    0    0 
14.0 0.23 12   20.9 0    0    20   70   10   0    0    0 
15.5 0.29 13   20.2 0    0    20   70   10   0    0    0 
17.0 0.38 17   20.9 0    0    20   70   10   0    0    0 
18.0 0.47 20   20.5 0    0    10   70   20   0    0    0 
19.0 0.63 18   20.5 0    0    10   70   20   0    0    0 
20.0 0.65 5    24.1 0    0    10   70   20   0    0    0 
21.0 0.84 2    22.5 0    0    20   60   20   0    0    0 
21.4 0.78 1    23.2 0    0    30   70   0    0    0    0 
21.6 0.0  0    0    60   0    0    0    0    0    0    40 
22.0 -1.0 0    0    100    0    0    0    0    0    0    100 
END 
2      'Section 2'  1.128  METER  10.68  0.006 %40 
0.0  -1.0 0    0    0    0    0    0    0    0    0    100 
1.5  0.0  0    0    0    0    0    0    0    0    0    100 
1.7  0.87 1    24.2 0    0    90   0    0    10   0    0 
2.2  1.2  2    25   0    0    90   0    0    10   0    0 
3.6  1.04 2    24.5 0    0    80   20   0    0    0    0 
3.7  0.97 4    27.7 0    0    80   20   0    0    0    0 
4.7  0.78 6    20.9 0    0    80   20   0    0    0    0 
5.7  0.52 14   20.7 0    0    30   60   10   0    0    0 
6.7  0.30 13   21.2 0    0    30   60   10   0    0    0 
8.0  0.24 15   21.1 0    0    20   80   0    0    0    0 
9.5  0.24 16   21.4 0    0    50   50   0    0    0    0 
11.0 0.22 11   20.2 0    0    50   50   0    0    0    0 
12.5 0.20 13   21.1 0    0    20   70   10   0    0    0 
14.0 0.23 12   20.9 0    0    20   70   10   0    0    0 
15.5 0.29 13   20.2 0    0    20   70   10   0    0    0 
17.0 0.38 17   20.9 0    0    20   70   10   0    0    0 
18.0 0.47 20   20.5 0    0    10   70   20   0    0    0 
19.0 0.63 18   20.5 0    0    10   70   20   0    0    0 
20.0 0.65 5    24.1 0    0    10   70   20   0    0    0 
21.0 0.84 2    22.5 0    0    20   60   20   0    0    0 
21.4 0.78 1    23.2 0    0    30   70   0    0    0    0 
21.6 0.0  0    0    60   0    0    0    0    0    0    40 
22.0 -1.0 0    0    0    0    0    0    0    0    0    0 
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END 
END 

This is description of a reach with 2 cross-sections 30.9 m apart with no velocity or substrate 
measurements. 

This REACH depth data. 

BED                
0.0     'Section 1'   1.107   
0.0  -1.0  
1.5  0.0   
1.7  0.87  
2.2  1.2   
3.6  1.04  
3.7  0.97  
4.7  0.78  
5.7  0.52  
6.7  0.30  
8.0  0.24  
9.5  0.24  
11.0 0.22  
12.5 0.20  
14.0 0.23  
15.5 0.29  
17.0 0.38  
18.0 0.47  
19.0 0.63  
20.0 0.65  
21.0 0.84  
21.4 0.78  
21.6 0.0   
22.0 -1.0  
END 
30.9      'Section 2'  1.128  
0.0  -1.0  
1.5  0.0   
1.7  0.87  
2.2  1.2   
3.6  1.04  
3.7  0.97  
4.7  0.78  
5.7  0.52  
6.7  0.30  
8.0  0.24  
9.5  0.24  
11.0 0.22  
12.5 0.20  
14.0 0.23  
15.5 0.29  
17.0 0.38  
18.0 0.47  
19.0 0.63  
20.0 0.65  
21.0 0.84  
21.4 0.78  
21.6 0.0   
22.0 -1.0  
END 
END 
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Habitat suitability criteria 
 

Before instream habitat can be evaluated, a library of habitat  suitability criteria (HSI curves) 
must be set up. This is done by  importing data from a text file with the extension PRF. 

Use the Import menu item and select file type PRF. 

Suitability curves are either merged with or written over existing criteria in the library 
(RHYHAB.RPF). 

The selection of suitability curves generates a file PRFS.RPF which contains the selected  
suitability curves. This file is overwritten each time a new set of suitability curves is selected.  

Habitat suitability data format 

Numerical data are separated by one or more blanks. TAB characters are acceptable but 
beware of other non-standard control characters. 

The first line contains a description of the species and life stage to which the habitat 
suitability criteria apply.  

The remaining lines contain a keyword specifying whether the numbers which follow are 
weighting factors, depths, velocities or substrate. 

The keywords are WEIGHT DEPTH VELOCITY SUBSTRATE but only the first 3 letters are 
necessary. 

Depth, velocity and substrate values must increase.  There can be only 8 substrate types 
specified, but any number of points can be used to define depth and velocity  habitat 
suitability curves. 

Values of habitat suitability are interpolated linearly from these data. If a depth or velocity is 
outside the range specified in the criteria, habitat suitability is that of nearest  criteria (i.e. 
horizontal extrapolation).  

Eight substrate types are specified by a code number. The types and their respective code 
numbers are: 

 1   Vegetation 

 2   Silt (Mud) 

 3   Sand 

 4   Finegravel 

 5   Gravel 

 6   Cobble 

 7   Boulder 

 8   Bedrock (Rock) 

On the line below that specifying depth, velocity or substrate, the keyword WEIGHT must be 
given and be followed by a set of  weighting values of between 0 and 1. 

The number of weights specified must equal the number of depths velocities or substrates. 
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Habitat suitability specification ends with END. 

If the suitability weight of suitable habitat is 1 and the weight of unsuitable habitat is 0, the 
weighted usable area will be the area of ideal habitat (i.e. where the velocities, depths and 
substrate meet the criteria specified by the weight of 1). If weights of between and including 
0 and 1 are used then the area of habitat is the weighted usable area WUA. 

Substrate types are nominal and their definitions can be modified to suit user needs, such 
as spawning or cover suitability. For example, the attribute types may be reassigned to the 
different cover attributes used by adult brown trout: 

Nominal attribute  Cover attribute Suitability weight 

Vegetation           Debris            .5 

Silt                 Bank cover        0.8 

Sand                 No cover          0 

Boulder              Boulder           0.8 

Bedrock              Bedrock crevice   1 

 

The reach specification would read: 

BED 'Vege' 'Silt' 'Sand' 'Boulder' 'Bedrock' 

but would in effect mean: 

BED 'Debris' 'bank cover' 'no cover' 'Boulder' 'Bedrock crevice'. 

The presence of cover elements would be recorded at each measurement point under their 
respective nominal attribute names. 

The habitat suitability curves would include substrate weightings that reflect cover suitability: 

Brown trout cover 

VELOCITY 0  .25 .26 .28 .3 .6 .7 .8 .9 1.0  1.2  2.0 
WEIGHT   1  1 .9 .8 .65 .32 .3 .25 .2 .1   0.05   0 
DEPTH          0   .2   .5  1 
WEIGHT       0  .5    1   1 
SUBSTRATE 1   2   3   4   5   6   7   8  
WEIGHT       .5  .8   0  0   0   0   .8   1 

Depth and velocity suitability could be specified, as in the example, or set to 1, if depth and 
velocity does not influence cover. 

Habitat evaluation would then determine how cover changes with flow.  A habitat type other 
than one of the nominal types can be specified, but will not be used in the evaluation of 
weighted usable area, nor will it be included in the check to see whether substrate attributes 
sum to 100%. For example, the effect of flow changes on the area of submerged objects 
can be determined. The object is given the attribute 'Object' and its occurrence is recorded 
as either a 0 or 100. Habitat evaluation would evaluate the area of 'Objects' that were 
submerged. 

Habitat suitability criteria for depth, velocity and substrate can be displayed by double 
clicking on the name of appropriate suitability curve when selecting suitability curves. 
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Example of habitat suitability text file 
Brown trout adult (Bovee) 
VELOCITY 0 .25 .26 .28 .3 .6 .7 .8 .9 1.0 1.2 2.0 
WEIGHT  1 1 .9 .8 .65 .32 .3 .25 .2 .1  0.05  0 
DEPTH   .23 0.3  0.6 .76 
WEIGHT   0  .6  .72  1 
SUBSTRATE 1  2 3 4 5 6 7 8  
WEIGHT  0.3 0 .95 1 1 1 .15 0 
END 
Food producing (Waters) 
VELOCITY 0.15 0.30 0.64 0.85 1.20 1.30 
WEIGHT    0  .58 1   1  .4  0 
DEPTH  .06 .09 0.20 0.80 1.00 1.22 1.525 2.00 
WEIGHT  0 .65  1   1  .9  .7  .45  0 
SUBSTRATE 1 2 3 4 5 6 7 8 
WEIGHT  .3 .2 0 .2 .6 1 .8 .6 
END 

 

Habitat suitability curves are stored in a library (RHYHAB.RPF). Curves can be imported 
into this library from text files, either to overwrite the existing library or to merge with it. 

Habitat suitability curves can be selected (or de-selected) from this library and applied in 
any habitat analysis. 

Habitat suitability curves in either the library or selected list can be displayed. The display 
button is activated whenever a curve is selected. 

Braided or multi-channel reaches 
Braided or multi-channel rivers are modelled in the same way as habitat mapped reaches of 
single channel rivers. 

Water surface profile modelling is not possible and prediction of water levels is based on 
stage-discharge curves for each braid or channel. 

The survey procedure involves selecting cross-sections that are representative of the 
general character of the river. This may be cross-sections at regular intervals. 

The channels of each cross-section are surveyed, as well as the banks between. Each 
channel is treated separately and the division between two adjacent channels can be a 
vertical wall if the last offset of one channel is the same point as the first offset of the next, or 
can be a high point that will not be inundated at any of the flows modelled. 

Data entry 
The same cross-section distance and weight applies to every braid or channel on the cross-
section. In fact, the similarity of any two cross-section distances is used to indicate that the 
reach is braided. 

Braided reach data can be edited or even entered using the data view/edit menu item. 
However, the recommended method is to import an ASCII file (e.g., *.HAB). If a braided 
reach is entered or edited with data view/edit, the reach should be exported then imported to 
ensure that the calibration process is carried out correctly. 
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Calibration 
The variation of water level with flow must be determined by calibration for each channel. 
Calibration data for braided cross-sections records the stage, braid flow, and river flow. 

It is also necessary to determine the river flow at which the braids ceases flowing. This is 
termed "main flow at zero braid flow" and is entered with the stage of zero flow. 

The survey flow must be set for each braid, by checking the vary flow between sections 
option in the "survey flow" dialogue. 

Data for a channel of a braided river might be: 

Lower Waitaki Survey at Ferry Road on 9/7/01 with survey flows 10/7/01, 11/7/01, 12/7/01 

Bed 'R' 'B' 'C' 'G' 'F' 'S' 'M' 'V' 
1.000   'Channel 1/2' 9.783   Meter 0.675 0.010 %8.333    
Gauging   9.308   9.555  152.500 
Gauging   9.190   4.868  122.200 
Gauging   9.037   1.972   85.500 
SZF   8.623   38.802 
130.000  -0.60  0  0.0 0.0  0.0  0.0  0.0  0.0  0.0  0.0  100.0 
131.000  -0.50  0  0.0 0.0  0.0  20.0 80.0 0.0  0.0  0.0  0.0  
133.500  0.00   0  0.0 0.0  0.0  20.0 80.0 0.0  0.0  0.0  0.0  
135.000  0.25  14 20.0 0.0  0.0  30.0 70.0 0.0  0.0  0.0  0.0  
136.000  0.81  36 20.6 0.0  0.0  30.0 70.0 0.0  0.0  0.0  0.0  
 
 
170.000  0.86  37 20.4 0.0  0.0  40.0 60.0 0.0  0.0  0.0  0.0  
175.000  0.92  34 20.5 0.0  0.0  30.0 70.0 0.0  0.0  0.0  0.0  
180.000  0.93  25 20.5 0.0  0.0  20.0 80.0 0.0  0.0  0.0  0.0  
185.000  0.54  10 22.5 0.0  0.0  0.0  0.0  30.0 70.0 0.0  0.0  
190.000  0.25   5 20.0 0.0  0.0  40.0 60.0 0.0  0.0  0.0  0.0  
196.000  0.00   0  0.0 0.0  0.0  20.0 80.0 0.0  0.0  0.0  0.0  
200.000  -0.01  0  0.0 0.0  0.0  20.0 80.0 0.0  0.0  0.0  0.0  
205.000  -0.01  0  0.0 0.0  0.0  20.0 80.0 0.0  0.0  0.0  0.0  
210.000  -2.00  0  0.0 0.0  0.0  0.0  100.0 0.0  0.0  0.0  0.0  
end 
1.000   'Channel 1/3' 9.905   Meter 0.675 0.010 %8.333    
Gauging   9.495  115.329  152.500 
Gauging   9.410  106.837  122.200 
Gauging   9.392   73.197   85.500 
SZF   6.730   0.000 
210.000  -2.00  0  0.0 0.0  0.0  0.0  100.0 0.0  0.0  0.0  0.0  
216.000  -0.01  0  0.0 0.0  0.0  0.0  100.0 0.0  0.0  0.0  0.0  
217.000  0.00   0  0.0 0.0  0.0  0.0  100.0 0.0  0.0  0.0  0.0  
220.000  0.06   5 20.0 0.0  0.0  0.0  100.0 0.0  0.0  0.0  0.0  
225.000  0.14  20 23.8 0.0  0.0  5.0  95.0 0.0  0.0  0.0  0.0  
230.000  0.14  20 26.4 0.0  0.0  10.0 90.0 0.0  0.0  0.0  0.0  
235.000  0.30  30 24.0 0.0  0.0  15.0 85.0 0.0  0.0  0.0  0.0  
 
 
310.000  0.37  30 21.5 0.0  0.0  0.0  0.0  0.0  0.0  0.0  100.0 
315.000  0.18  15 22.5 0.0  0.0  0.0  0.0  0.0  0.0  0.0  100.0 
320.000  0.13  11 22.0 0.0  0.0  0.0  0.0  0.0  0.0  0.0  100.0 
325.000  0.22  17 23.3 0.0  0.0  0.0  0.0  0.0  0.0  0.0  100.0 
328.000  0.00   0  0.0 0.0  0.0  0.0  0.0  0.0  0.0  0.0  100.0 
329.000  -1.00  0  0.0 0.0  0.0  0.0  0.0  0.0  0.0  0.0  100.0 
end 

The calibration data: 
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Gauging   9.308   9.555  152.500 
Gauging   9.190   4.868  122.200 
Gauging   9.037   1.972   85.500 
SZF   8.623   38.802 

means that the braid level was 9.308 when the braid flow was 9.555 and total river flow was 
152.5. The braid stopped flowing (SZF) at a level of 8.623 when the river flow was 38.802. 

Analysis 
The analysis of data from a braided reach is the same as in a single channel reach, with 
water depths, velocities, and habitat suitability summed across each braid in the cross-
section and then over the reach. 

Results are usually tabulated for each braid with the cross-section total shown in bold after 
the braids. 

Plotting routines will display each braid separately and it is not possible to show the full 
cross-section in one display unless the data are re-arranged for that specific purpose. 

Checking data  
 

A check of the data should be the first stage of any analysis. The file $.RHB  is checked. 

This checks that: 

• substrate descriptors (if any) are recognised and associated with the correct substrate 
type 

• section distances increase in order upstream 

• cross-section offsets of not decrease across the section 

• stage at zero flow is greater than the section minimum 

• stage for gaugings is greater than the section minimum 

If the table of distances and weighting values identifies the first two cross-sections as 
braided, it is because the file is an old RHYHABSIM format, with the first section distance 
(on the Layout page) set to zero. You can either edit the distances with the correct distance 
between section 1 and section 2 entered alongside section 1, repeating this for all sections 
leaving the last blank. A simple way of correcting the problem, is to export the file as a 
*.HAB file and then import it again. 

Warning messages are issued where data may not be correct. In many instances these 
warnings can be ignored but they may indicate a mistake in data entry. Warnings include:  

• unreasonably high velocities 

• negative velocities 

• undefined water's edge (no measurement at zero depth) 

• measurements with the same offset but with different depths or attributes 

• substrate values at a point do not add to 100% 
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• cross-section percentages do not add to 100% 

Substrate names 
There are eight basic substrate types: 

Id. Substrate Size (mm) 

1 Vegetation - 

2 Silt (Mud) <0.06 

3 Sand 0.06-2 

4 Fine gravel 2-8 

5 Gravel 8-64 

6 Cobble 64-264 

7 Boulder >264 

8 Bedrock (Rock) - 

 

If any of the substrate types are specified, the Check menu option will check that the 
substrate composition at each point sums to 100%.  

If the substrate composition at a point does not sum to 100%, the error can be corrected in 
the Edit/View option of the Data menu. 

It is possible to get an error message stating that the substrate composition does not sum to 
100%, but the Check option indicates that the substrate composition at all points is 100%. 

This situation arises when two attributes have been assigned to the same substrate 
category, usually there will be an 'S' and 'M' attribute with both assigned to mud. to correct 
this, edit the data (Edit/View option of Data) and go to the attribute page. Click on the 
offending attribute (usually S) then the edit button. Assign it to the correct substrate type 
(e.g., sand), close window, saving the file. 

Calculation of flows 

Flow errors 

Flows calculated at each cross-section should be examined closely as excessive variation 
could indicate data errors. Usually flows at individual cross-sections should not be more 
than 10% different from the mean. If they are, and this is not due to data errors, it may be 
because the flow was not at right angles to the section with the result that the flow is 
overestimated. If this occurs, the offset spacing should be adjusted by multiplying by the 
cosine of the current angle. 

Another explanation for large variations in measured flow is that cross-section locations are 
not ideal sections for measuring flow. Measurements in pools are often inaccurate, but 
accuracy can be improved by taking measurements at 0.2 and 0.8 of the depth. 
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Velocity distribution factors 
Velocity distribution factors, ratios of actual measured velocities to calculated velocities, are 
fitted automatically. 

When simulating flows, calculated water velocities are multiplied by the velocity distribution 
factor to give a simulated water velocity. This will reproduce the measured velocity 
distribution when the measured flow is simulated. 

Simulated velocities will always be zero at points with zero velocity distribution factors. 

Usually velocity distribution factors vary across a section in a regular pattern. Adjustments 
to points should attempt to emulate this pattern. Good field notes can aid the estimation of 
VDFs at and above stream banks. Obstacles to flow, such as vegetation or large boulders 
upstream, should be noted and estimated VDFs reduced accordingly. 

The calibration menu contains the calibration procedures for: 

•  survey flow 

•  velocity distribution factors 

•  ratings 

Models are automatically calibrated when imported or entered. However, it may be 
necessary to fine-tune these calibrations.  

Even, if models are not re-calibrated the default calibration should be checked to ensure 
data integrity. This is especially necessary for models with multiple channels. 

Flows and survey flow 

Measured flow 

The flow at each cross-section is calculated from offsets, depths and water velocity. This 
flow is known as the measured flow for a section. 

Survey flow 

The best estimate of the flow at which the survey was made is known as the survey flow. 
This flow may also be termed the calibration flow or best flow. 

The default survey flow is the average of all measured flows.  

If the reach contains cross-sections with multiple channels, the survey flow of each channel 
is the best estimate of the flow in individual channels. This means that the survey flow varies 
between cross-sections. Therefore, the flow between sections check box must be checked.  

Calibrations of stage-discharge relationships, velocity distribution factors (VDFs), and 
friction losses for water surface profile modelling are all based on the survey flow.  

The average flow is usually the best measure of the calibration flow because most surveys 
are made at one flow and in a section of river where there are no significant tributary 
contributions or flow losses. However, the average flow will sometimes be influenced by 
large errors in flow measurements at some cross-sections. The survey flow can be adjusted 
by omitting particular sections or set to the flow at one section that is considered to be an 
accurate measurement. 
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Double clicking on any of the measured flows, either the mean or any of the cross-section 
flows, will set the survey flow to that value. 

Varying flows between cross-sections 

If the flow varied during the time of the survey or there were significant tributary contribution, 
the Vary flows between sections checkbox should be ticked and a survey flow can be 
specified for each cross-section. 

If the survey flow is changed the reach will be re-calibrated (ratings, velocity distribution). 

Rating curves 
Rating curves are used to predict the water levels at flows other than the survey flow. Rating 
curves are automatically fitted to the gaugings for each cross-section by 3 methods when 
either importing a file or entering new cross-section data. 

The reCalculate menu item recalculates rating curves, resetting any equation parameters 
that have been set by editing the equations. A summary of the rating curve equations is 
shown for each method. The correlation coefficients indicate the goodness of fit to the 
points. Rating curves can be compared either in tabular form or graphically to determine 
which curve is best to use for extrapolation to other flows. Parameters can be altered to get 
a better fit or if data errors are suspected. 

The procedure is to:  

1. examine the alternative rating curves (Display section ratings menu item) 

2. compare the shape of the ratings between sections (Display/Edit all ratings menu 
item) 

3. select (Select ratings menu item) one rating to be used in calculating water levels at 
a cross-section. 

Rating curve calibration 
  
Rating curves are used to predict the water levels at flows other than the survey flow. Rating 
curves are automatically fitted to the gaugings for each cross-section by 3 or 4 methods. 

A concise summary of the rating curve equations can be obtained using the recalculate 
menu. This will also recalculate the rating curves, resetting any equation parameters that 
have been set by editing the equations. 

The ratings can be displayed for each cross-section on a normal or logarithmic scale. The 
stage can by plotted either as the height above SZF or as elevation. 

Every rating plots through the survey flow and its associated water level. Least squares fits 
are calculated as geometric means of coefficients derived in both directions (x on y and y on 
x). 

The critical flow rating is shown as a check on other ratings.  Rating curves are calculated 
by 4 methods. 

1. Log-log least squares fit through points and SZF (SZF is either the section minimum 
or a specified value) 

Flow = a * (Stage-SZF)^b 
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2. Log-log least squares fit through points with SZF adjusted so that the correlation 
coefficient (r) is a maximum. This is the "best-fit" rating curve. 

3. Manning's equation - Manning's N is calculated for each gauging:  

Flow = 1/N * A * R^2/3 * S^1/2 

assuming that the slope is constant. The variation of Manning N with flow is 
calculated according to the equation: 

N = a*Flow^beta. 

Usually Manning's N increases as flow decreases so that beta is negative. 

4. Log-log least squares fit through stage of zero flow and water surface levels 
calculated by water surface profile modelling. This is fitted only if water surface 
profiles have been modelled. 

When comparing ratings, the exponents of the log-log equations should be close to those of 
a broad crested weir equation: 

Flow = a * width * (Stage-SZF)^1.5 

but modified slightly because the width changes with flow, usually to the power of about 0.5 

hence: 

Flow = b * (Stage-SZF)^3 

Therefore, the exponent should vary between 1.5 and 3.5. 

Stage discharge curves do not necessarily follow a log-log line through the stage at zero 
flow. Cross-section geometry can be such that the exponent changes when the flow range 
changes. In some situations, the best fit with adjusted SZF might be more appropriate.  

Rating curves are derived so that the derived equation plots through the calibration flow and 
water level. The procedure is to minimise the sum of the squared departures of data about a 
line (y = ax+b) passing through the calibration stage (y' ) and discharge (x'). 

S = Σ(y1 – y' – a(x1 – x'))² 

where S = sum of squares of deviations from the line through y' and x'. 

Minimising the sum of the squares: 

∂S/∂a = 0 = Σ(x1 – x')y1 – y'Σ(x1-x') – aΣ(x1 – x')² 

a = (Σ(x1 – x')y1 – y'Σ(x1-x'))/(Σ(x1 – x')²)  

b = y' – ax' 

Because the gaugings can contain errors in both stage and discharge, the regression lines 
were calculated for both x on y and y on x and the geometric mean coefficients calculated. 
Geometric regression has been shown to be a robust method of minimising the deviations 
from a regression line in both the x and y directions. A similar procedure was followed when 
finding the SZF of that produced the best fit, by allowing the stage for zero flow vary 
between the minimum gauging level and a point somewhat below the minimum section level 
(half the distance between the minimum gauging level and the minimum section level).  If 
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this rating curve is used, it is possible, for very low flows, to calculate a stage that is lower 
than the section minimum. Thus, the adjusted SZF will always give a better fit to the 
gaugings but might give incorrect stages when extrapolated to very low discharges. The 
plotted curves can be examined to determine if this is likely to occur. 

Rating selection: Select rating menu 
Ratings used for the prediction of water level from flow can be selected in the edit/select 
menu item. 

Generally, gaugings tend to be more linear than the curve of log-log fit through the SZF 
would suggest. However, the log-log fit through the SZF is often the best choice of rating. 
Ideally, the ratings by all 4 methods are so close that the choice doesn't matter. The SZF 
that is used in a rating can be altered directly. The value of beta in Manning's N ratings can 
also be altered. 

The log-log least squares fit through the section minimum or stage of zero flow is the default 
rating and generally the most appropriate and robust. 

However, any of the available rating curves can be selected (Edit/Select ratings menu item) 
and used for prediction of water levels. 

Critical flow rating 
The critical flow rating is the stage/discharge relationship that would exist if the section were 
a critical control, i.e. the water level at the section was not influenced by downstream 
conditions. Critical flow across a whole section of the river is very unusual in natural rivers, 
so one does not expect a rating curve to cross the critical curve. Any rating curve that 
crosses the critical flow rating is probably incorrect, at least in the region where it crosses 
and usually a rating will be parallel to the critical flow rating. The height of the curve above 
the critical flow rating depends on how close to critical the flow is. For a swift riffle it will be 
close, for a slow run it may be well above the critical rating, possibly out of sight on the plot. 

Comparing and editing rating curves 
The shape of ratings for all cross-sections can be compared using the Display/Edit all 
ratings menu option. Generally, ratings within a section of river are similar and are either 
parallel to each other or form a pattern. 

Ratings can be edited by pressing the edit button. Rating exponents for all ratings will be 
displayed so that their values can be compared, and the exponent for any rating can be 
changed. The modified rating is then plotted on the curve, so that you can see the change. 

Any rating that crosses other ratings is suspect, but not necessarily wrong. 

Velocity distribution factors 
  
Velocity distribution factors are calculated from the velocities that were measured across 
each cross-section and the survey flow. 

Derivation of Velocity Distribution Factors 
The conveyance of a cross-section is: 

 Q = K x S½ 
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where Q is the flow, S the slope, and K the conveyance. 

Using Manning's equation, the conveyance K becomes: 

 K = (A x R2/3)/N 

For any cell in the section, the ratio of cell flow Q1 to cell conveyance is equal to the total 
section flow Q divided by the total section conveyance (Henderson 1966 “Open channel 
flow” p. 145) 

 Q1/K1 = Q2/K2 = ΣQ/ΣK 

The velocity in a cell can be calculated from the above relationship and V1 = Q1/A1: 

 V1 = R1
2/3/N1 x Q/K 

whre Q = total flow, K total conveyance, R1 cell hydraulic radius, N1 cell roughness.  

If Manning's N is uniform across the section then the velocity across the section varies as 
R2/3 , if N is not constant then the velocity varies with cell roughness. The velocity 
distribution factor (VDF) is a measure of how cell roughness varies across a section.   

  V1 = R1
2/3/N1 x Q/K 

becomes 

  V1 = R1
2/3/N1 x (QN)/(AR2/3) 

Where N is the section roughness, A section area, and R section hydraulic radius. In terms 
of a velocity distribution factor: 

 VDF = N/N1 

  V1 = VDF x (QR1
2/3)/(AR2/3) 

 This formulation is the same as used in PHABSIM and RHABSIM except they use values of 
N instead of the N ratio (VDF). In those programs the cross-section N is either entered by 
the user or assumed to be 0.03. My way avoids the use of the section N. 

The assumption, when using this to calculate velocities, is that the velocity distribution does 
not change with flow. This is the reason that a survey should be carried out at flows near the 
flows of interest (usually minimum flow) and that you should be cautious when extrapolating 
too far. If a survey is carried out at low flow the velocity distribution is influenced by local 
roughness elements. As the flow increases the influence of these elements becomes less 
and the velocity distribution smoother. I know of no way to predict how the velocity 
distribution changes with flow. I suggest that it be handled by testing the sensitivity of the 
results to the VDF. This is done easily by switching VDFs OFF - one of the program options. 
With the VDFs OFF the velocity distribution is smooth and you can see whether this gives a 
different area of suitable habitat.  

Default VDF calibration 
The automatic calibration of velocity distribution factors assumes that points at and above 
the stream bank will have the same velocity distribution factor as the nearest point in the 
water. 

Alternatively, an existing file of velocity distribution factors can be imported along with an 
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existing file of cross-section data. 

Editing VDFs 
Velocity distribution factors can be altered if required by simply clicking on a point and 
dragging it to a new value. 

This is an important step if predictions of habitat are to be made at flows greater than the 
survey flow, because values for points at and above the waters edge must be estimated. 

Velocity distribution factors are usually vary about the value of 1. If the velocity were 
distributed across the section according to the conveyance of each measurement point then 
the VDF for each point would be 1. This occurs in situations with uniform flow and cross-
section, such as canals. However, in most rivers variations in friction across the section, 
upstream obstructions such as boulders, and flow patterns caused by bends and eddies 
cause the VDF to be less than 1 at banks or downstream of obstructions and greater than 1 
where flow concentrations occur. Predictions of water velocity at other flows follow the 
velocity distribution that was measured during the survey and assume that it will not change 
significantly.  

The sensitivity of velocity and habitat predictions can be tested by comparing the flow 
distributions and habitat/flow relations predicted with the default assumption (the calculated 
or edited values), the uniform velocity distribution (VDF of 1), and a best guess. The best 
guess uses the calculated value at the survey flow and then gradually increases the VDF 
values to 1 as the water level and flow increases. 

Sensitivity to velocity distribution factors 
Velocity distribution factors are calculated from velocities measured across each cross-
section and the survey flow. 

When the survey flow is simulated, the velocity distribution factors are applied to the uniform 
velocity distribution so that the measured velocity distribution is reproduced. 

The uniform velocity distribution assumes that the velocity at each point across a cross-
section is proportional to its conveyance or the conveyance of the cell it represents. 

At low flows, the velocity distribution is usually more variable than that in a uniform channel. 
When higher flows are simulated, it is assumed that transverse pattern of velocities is 
maintained. This is a reasonable assumption when flows are close to the measured flow. 
However, when the flow and water level is considerably higher than that surveyed, the 
features that created the low flow velocity distribution are drowned and the velocity 
distribution will usually tend towards the uniform velocity distribution. This change from 
measured velocity distribution at the survey flow towards a uniform velocity distribution at 
higher flows is modelled in the VDF sensitivity analysis. 

The VDF sensitivity analysis plots the habitat/flow relationships with 3 assumptions: 

1. VDFs applied (the default as calibrated) 

2. VDFs not applied (uniform velocity distribution) 

3. Best estimate (changing from calibrated to uniform as flows increase) 

The assumption used in calculating best estimates is that the uniform velocity distribution 
(VDFs of 1) will occur when the water level rises by some amount (the uniform VDF 
criterion). 

This is assumed to occur when the water level rises higher than the larger of: 



RHYHABSIM 3.2 

 

42

1. twice the average depth at the survey flow 

2. 5 times the average armour size. 

i.e., Uniform VDF criterion = Max(2 * mean depth,5 * armour size) 

Values of VDFs between the calibration water level and the uniform VDF level are 
proportionally changed towards 1. 

Adjusted VDF = VDF + (1-VDF)*(WL-calibration level)/Uniform VDF criterion 

If WL -Calibration level > Uniform VDF criterion then the VDF = 1 

Edge values of VDFs are calculated as a proportional increase between the bed level and 
uniform velocity depth. 

Adjusted VDF = VDF + (1-VDF)*(WL-bed level)/Uniform VDF criterion 

The effect of changed the VDF assumptions can be seen on the velocity distribution. 

The predicted velocity distribution using and not using VDFS can be seen by checking the 
Use VDFs check box in the opening dialogue. 

Alternatively, the display of the predicted velocity distribution of any section can be toggled 
between VDFs applied, VDFS not applied and a best estimate of VDFs as described above. 

Toggling is achieved by pressing Shift F1 to get the best VDFs and Shift F2 to get VDfs 
applied and not applied. The graph title changes to display the VDF option that is shown. 

 

Reach and Cell Representation 
Depths, velocities, attributes, and habitat suitability are calculated for cells and integrated 
over a reach. The calculation of cell values can be made in two different ways and these will 
give slightly different results. The default method should be the best for most purposes. 
However, the alternate method of calculation can be used. 

Calculation of cell values 

The basic calculation of hydraulic and habitat variables assumes that the measured point 
values represent a larger area - a cell. The values of cell depth, velocity, and attributes are 
calculated assuming that the point value is spread between the midpoints of adjacent 
points. IFIM (or more specifically PHABSIM) has recently (1999) adopted the assumption 
that a cell is between points and that its depth, velocity etc. is the average of the points on 
the cell edges. This tends to smooth data. 

Point value 

Each point in a cross-section represents a cell with an area determined by the distance to 
adjacent points and the cross-section length. The cell width is half the distance between the 
adjacent points and the cell length is the percentage of the reach it represents. 

Extrapolation 

If modelled water levels are higher than the highest point in a cross-section, the water's 
edge is determined by linear extrapolation of the two surveyed points at the beginning or 
end of the cross-section. If the slope is less than 0.05 (1 in 20) then a vertical wall is 
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assumed at 0.01 m from the surveyed start or end of the cross-section. The Check menu in 
Data will list the edge points and cross-sections where vertical walls will be created. These 
should be checked to see that this assumption is appropriate. 

Habitat suitability 

If the cell is represented by the point values, the characteristics of the cell are those of the 
point, the cell width (1/2 distance between adjacent points) and the cell length. 

Habitat suitability = fn(Yi, Vi) 

Habitat area = fn(Yi, Vi) * (Xi+1-Xi-1)/2 * Cell length 

Interpolation 

The representation of a reach as cells with values of depth, velocity, and attributes is 
suitable for single variables that vary linearly between measurements. However, habitat 
suitability depends on depth, velocity, and substrate and is not a linear function. This means 
that the representation of a cell by measured point values or by the average of adjacent 
points may not be adequate for the calculation of habitat suitability. This will depend on the 
spacing of the survey measurement points and the habitat suitability curves. 

For example, consider the calculation of habitat suitability where the preferred habitat is a 
depth of between 0.2 and 0.3 m. Two adjacent points are measured at depths of 0.1 m and 
0.5 m with a linear increase in depth between them. The average depth and velocity is 
probably adequately represented by the average of the measurements. However, habitat 
suitability at both points is zero (depth not in the 0.2-0.3 range), so that the cell value of 
habitat suitability is zero. This is obviously inaccurate because the habitat is suitable at 
some point between the two measured points. Cell values either as points or averages are 
an approximation and the degree of potential error will depend on the survey spacing and 
the habitat suitability curves. 

The alternative is to interpolate values of depth, velocity, and substrate between measured 
points and to integrate habitat suitability over the cell. 

This is the default method of calculation of habitat suitability (June 2000) and may produce 
slightly different results to those calculated prior to June 2000, when the default method was 
to use point value cell representation. 

An example of the effect of interpolation of habitat can be seen by changing the interpolation 

grid while displaying a plan view of the reach (Plan in the Model menu ). The different 
interpolation schemes are also represented graphically in the Model menu under Measured 
section habitat  and Point habitat  displays, where interpolated values are displayed as 
"continuous" data and point values without interpolation are displayed as histograms. 

If the interpolation option is checked, as it is by default, values of depth, velocity, habitat 
suitability etc. are interpolated at equally spaced intervals (10) between points. This gives a 
better measure of habitat suitability, assuming that linear interpolation is appropriate. 

The difference between habitat and velocities etc. with and without interpolation can be 
seen by plotting section habitat (Model menu under Measured section habitat) with the 
interpolation switch on then off. 

Flow calculation 

The calculation of flow is by the conventional method. Flows are calculated from the area 
between velocity measurements (verticals) and the average of the velocity measured at the 
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two verticals.  

Qcell = 1/4(Yi+Yi+1)(Xi+1-Xi) * (Vi+Vi+1) 

where Y is the depth, X the offset and V the velocity at point i. 

Simulation of water velocities  
 

Predicted water velocities are displayed for a specified flow range and increment, along with 
the measured water velocities.  

This can be used to check that the calibration procedures have been carried out correctly. 

Simulations of flows higher than the survey flow should plot at higher velocities than those 
measured during calibration, simulation of the survey flow should reproduce the measured 
velocities, and velocities at flows lower than the survey flow should be lower than calculated 
flows. 

In some situations, an increase in water velocity may be predicted at low flows. This occurs 
when the flow is constrained in a narrow channel, such as between boulders, and is 
feasible. 

If the option to use VDFs is not checked, velocities are predicted according to the 
conveyance of each cell, and the effect of roughness, obstructions, and flow concentrations 
on the velocity distribution can be determined. 

The effect of changed the VDF assumptions can be seen on the velocity distribution. 

The predicted velocity distribution using and not using VDFS can be seen by checking the 
Use VDFs check box in the opening dialogue. 

Alternatively, the display of the predicted velocity distribution of any section can be toggled 
between VDFs applied, VDFS not applied and a best estimate of VDFs as described above. 

Toggling is achieved by pressing Shift F1 to get the best VDFs and Shift F2 to get VDfs 
applied and not applied. The graph title changes to display the VDF option that is shown. 

Reach and cross-section summary 

For each reach, a text summary can be displayed by selecting the Survey Summary in the 
Data menu. 

This lists: 

• cross section spacing and weighting factors 

• total number of cross-sections and measurements 

• average spacing of measurements across each cross-section 

• average spacing of sections through a reach 

• total number of measurement points in water 

• average spacing of sections through a reach 
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Text and tables can be copied to the clipboard by either clicking the copy icon  or 
selecting copy in the edit menu or by using the keyboard shortcut Ctrl C. 

When text is pasted into a document tables can be reformatted using the Table AutoFormat 
function. 

Viewing data 

Plotting cross-sections 
  
Plotting the cross-sections is advisable to check that data points have been entered 
correctly. 

Each cross-section can be displayed, as either water depth or elevation plotted against 
offset. 

The default is to plot depths, but elevations can be plotted by specifying elevations in the 
graph options. 

The waterway area is shaded blue and, if velocities are measured, they are plotted in yellow 
to a reverse scale above the water level. The default plotting scale may differ between 
sections but can be held constant or altered in the graph options. 

Velocity is shown as a dashed line and ground profile as the solid line. Measurement points 
are indicated by triangles on the ground and velocity lines. 

The SZF is shown as a black line on the cross-section plot. If not wanted in the display, 
uncheck SZF in the graph options (see printing and copying).  

Cross-sections can be compared by plotting in multiple windows and setting the same 
global scale for each window. 

Longitudinal river profile 
  
The longitudinal water surface profile can be viewed under the WSP menu by selecting the 
Calculate WSP item. This displays the water surface level and mean bed level at each 
cross-section along the stream length, beginning at the first cross-section, usually the most 
downstream and lowest water level. 

The plot is only a true profile if cross-section water levels are referenced to the same datum. 

Reach Plan View 

  
A plan view of the reach can be displayed using the Plan option in the Model menu. The 
default plan is for the survey flow. 

Contours of velocity, depth, shear velocity, substrate size and attributes can be displayed by 
clicking on the table that displays the minimum, mean, and maximum values of these reach 
characteristics. 

The plan view does not display banks or islands formed within the channel. 
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If the default display looks strange, with contours crossing each other or "loops" then the 
smoothing between sections should be changed from smooth to linear in Graph options. 

Use graph options to: 

• set linear or smooth interpolation between sections 

• change contour intervals,  

• set contour shading and colour,  

• change grid intervals (resolution). 

Contours for other flows can be displayed simply by changing the flow listed on the display. 

The geometry of the reach is described by the layout. The layout also describes the 
bearings and distances between the origins of the cross-sections. 

The reach direction is the general direction of river, from the top of the plan (last cross-
section) to the bottom on the plan view (first section). 

If the bearing from the first to second cross-section is to the right of the general river course 
then it is a positive, and if to the left it is negative. 

The angle of a cross-section to the reach is also specified with respect to the general 
direction of the river. If the cross-section is at right angles to the general direction the angle 
is zero. If the angle observed from the origin is upwards or towards the next cross-section 
then the angle is positive. If the angle tends downstream (i.e. towards last cross-section the 
angle is negative. 

The origin is the point where the offset is zero. The location of cross-section origins are 
given as bearings and distances from the first to second cross-section, second to third, etc. 

The angle of the cross-section to the general direction of the river can also be specified. for 
example, a cross-section could be at 45 degrees to the overall direction of flow. 

There is no way of specifying a change in angle part way across the cross-section. 

Cross-sections are usually in upstream order - the first section is the most downstream 
section. 

If data are entered in downstream order, there is no way of altering the order, other than by 
re-entering the cross-section data in the reverse order. 

The left or right bank location of the section origin can be changed by selecting the Layout 
page of Edit/View in the Data menu. The sign of the section angles to the reach will need to 
be reversed, if the bank location is changed. 

The plan can be copied to the clipboard, saved as a file, or listed as a text file specifying the 
depth, velocity etc. at each grid node. 
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Isometric view of reach cross-sections 
An isometric view can be rotated between 0 and 90 degrees. Cross-sections are joined by a 
series of lines equally spaced across the section and are shown as verticals on the cross-
section. 

The presentation style of this display can be altered in the Graph options menu. 

Hydraulic properties 
  
The variation of cross-section area, hydraulic radius, wetted perimeter and stream width 
with elevation is displayed for each cross-section. 

If the data is a "representative" reach, i.e., the distance between cross-sections and their 
elevations relative to the same datum, the Reach area/volume menu option of Data 
calculates the reservoir area/volume curves. 

The surface area and volume between each pair of cross-sections is calculated assuming 
that they vary linearly between cross-sections. 

Volume between 1 and 2 = (Area 1+Area 2)/2 * Distance between 1 & 2 

Hydraulic options 
Hydraulic variables can be calculated in different ways and these will give slightly different 
results. The default methods should be adequate for most purposes. However, alternate 
methods of calculation can be used. 
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Rating curves 
Rating curves based on cross-section geometry and gaugings can be calculated by either 
Mannings equation 

V = 1/N * R^2/3 * S^1/2 where 

N = Mannings N, S = slope, R = Hydraulic radius 

or Chezys equation 

V = C * R^1/2 * S^1/2 

in both cases S is assumed constant.  

With only one measurement of flow, the roughness coefficient, Chezy C or Manning N, is 
assumed constant with flow. With 2 or more gaugings, values of C or N are calculated for 
each flow and a log-log relationship between and the roughness constant and either flow or 
hydraulic radius derived by least squares. 

N or C = constant * Q^beta with roughness varying with flow 

N or C = constant * R^beta with roughness varying with hydraulic radius 

The latter is the default assumption. 

In cases where the stage of zero flow is above the minimum water level, the default rating 
curves calculated from Chezy or Manning equations assume that the hydraulic radius is 
zero at the SZF.  

i.e. R = R at WL - R at SZF 

Conveyance and integration 
Conveyance is a measure of the capacity of a channel or channel subsection the convey 
water. The traditional measure of conveyance includes friction (Manning's N) but if friction is 
constant then conveyance is a measure of the geometry of the channel. Conveyance is 
used in the calculation of velocities across a channel, in the calculation of hydraulic rating 
curves, and is used in water surface profile modelling. 

Conveyance = A * R^2/3 

The conveyance of a section can also be integrated over the whole cross-section as the 
sum of the cell areas times their hydraulic radii. Integration is the preferred method because 
when conveyance is calculated in this way its variation with level forms a smooth curve and 
gives better results in water surface profile modelling. 

Water surface profile modelling options 
The velocity head coefficient (VHC) converts the mean velocity head (Vm^2/2g) to the true 
velocity head. If the velocity does not vary across the section then these two will be the 
same but normally the true velocity head will 1.5 to 3 times greater. It is calculated by 
integrating the velocity head across the section: 

VHC = Sum(Vi^3  x Ai)/(Vm^3 x A) 

If the integration method of calculating conveyance is used, the velocity head coefficient is 
calculated from the section geometry, rather than from measured velocities. 
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The velocity head coefficient (VHC) is: 

VHC = (Cell conveyance^3/Cell area^2) x (Area^2)/Conveyance^3  

Integration methods for conveyance and velocity head are not used where the cross-section 
contains underwater overhangs. In fact, although cross-section data with overhangs can be 
processed the most habitat and velocity predictions will be incorrect. 

Conveyance can be calculated as an arithmetic or harmonic mean of two cross-sections. 

See WSP calculation methods 

Point suitability 
Habitat suitability is calculated from the water depth, velocity, and substrate at a point. 

Habitat can be calculated for any combination of depth, velocity and substrate by un-
selecting the appropriate variables. 

The suitability of the value of each variable is determined from the selected habitat 
suitability curves. The suitability varies between 0 (unsuitable) and 1 (ideal). The overall 
suitability of a point is the product of the suitability of depth, velocity, and substrate (if 
applied). This means that if any suitability is zero then the point is unsuitable for that habitat 
use. 

 

Each measurement point represents a portion of the stream width and area. This is half the 
distance between the points on either side. The area of the point (cell area) is the width 
multiplied by the percentage of reach that the cross-section represents. 

Average velocity and attributes are calculated as area weighted averages i.e., 

Sum(Value x dA)/Sum(dA), 

where dA = dWidth x Reach length 

This results in average velocities that are slightly different to the cross-section average of: 

V = Q/A 
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or weighted section averages calculated as 

V = ((Sum(V x dWidth)/Width) x Section length) / Reach length 

The reach length is either half the distance between the adjacent cross-sections (i.e., a 
representative reach) or the percentage of reach that the cross-section represents (i.e., the 
cross-section weight based on habitat mapping). 

The cross-section weight can be specified in an ASCII file or entered, and if no value is 
entered or specified it is calculated from the cross-section distances. 

Summation of habitat suitability 
Habitat suitability can be calculated either for a point in a cross-section, for a cross-section, 
or for the whole reach. Cross-sections with multiple channels or braids are treated similarly, 
with the total area in the cross-section summed over each braid. The total amount of habitat 
in the reach is summed for each flow and each point by multiplying the habitat suitability of a 
point by the area of the cell it represents and then by absolute value of the percentage of the 
reach represented by the cross-section. 

In all cases, the weighted usable area is weighted by the cross-section weight, as listed in 
View/Edit menu. The value listed is the value specified in the ASCII file that was imported or 
the value entered, and if no value was entered or specified it is calculated from the cross-
section distances. This means that it is possible to have cross-section weights that differ 
from those that would be calculated from the cross-section distances. 

The measured water depths, velocities, and substrate are used to evaluate the habitat 
suitability at each point, the amount of suitable habitat in each cross-section and over the 
whole reach. 

Sensitivity 

The effect of depth, velocity, or substrate on habitat assessment can be determined by 
comparing evaluations with use depth, velocity, and use substrate applied or not. 

Multiple reaches 

A number of reaches (reach button) may be analysed and the results incorporated into an 
overall summary. In this way, different reaches can represent different habitat types and be 
averaged to represent a larger section of the river.  

Measurements of cell length, width, velocity, depth, and habitat suitability at each 
measurement point below water level are listed in the text display. 

Habitat simulation 
  
There are three steps to simulating hydraulic conditions and then evaluating habitat 
suitability for those conditions. 

First, the rating used to predict water levels for the required flow range can be selected. The 
default is a log-log stage-discharge relationship. 

Second, habitat suitability curves used to evaluate the amount of habitat at different flows 
can be selected. The simulation can proceed without any curves being selected. 

Third, the flows to be simulated are specified. 
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Reference flow 
The reference flow is the flow that is displayed on the flow axis (x-axis) of the graph or in 
tabulations. If the flow is the same through all reaches then the reference flow is the flow in 
all sections and reaches. However, if flows vary along the length of a reach, because of 
tributary flows or losses, or varies between reaches, the reference flow is the flow at the first 
cross-section of the first reach. 

If flows vary between cross-sections, then the flow at the first is taken as the reference flow. 
The order of cross-sections can be changed by clicking on the section button and selecting 
sections in a different order. Highlight all sections and move them into the left hand box. 
Now, in the left hand box, highlight the section that is to be the reference flow and move it to 
the right hand box. Then move across all other sections that are to be used in the 
simulation. 

Flows in multiple channel reaches can be set individually with vary flow between sections 
checked. Alternatively, the flows at all sections can be set automatically by specifying the 
minimum and maximum flows in the main channel (the channel with the highest survey 
flow). Flows in minor channels are then scaled down by the ratio of their survey flow to the 
main channel survey flow. 

Sensitivity 
The effect of depth, velocity, or substrate on habitat assessment can be determined by 
comparing evaluations with use depth, velocity, or substrate checked and not checked. 

If use VDFs is not checked, velocities will be calculated according to the conveyance of the 
cell. This can be used to test the sensitivity of calculations to the predicted velocity 
distribution. 

The following variables are calculated for each flow: 

• Depth 

• Velocity 

• Width 

• Wetted perimeter 

• Froude number 

• Pool, run, riffle habitat 

• and the specified habitat criteria. 

 

Velocity is calculated as an area weighted average i.e., 

Sum(V x dA)/Sum(dA) 

Multiple reaches 
A number of reaches (reach button) may be analysed and the results incorporated into an 
overall summary. In this way, different reaches can represent different habitat types and be 
averaged to represent a larger section of the river.  
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Weighted usable area 
Habitat or weighted usable area (WUA) is the area instream where the physical character 
(water depth, velocity and substrate, if required) meets the criteria specified in the habitat 
suitability curves. If habitat suitability is specified so that suitable habitat has a weight of 1 
and unsuitable habitat a weight of 0, the area is the usable area in m. If habitat suitability 
curves are specified with weights of between 0 and 1, the area, WUA, is an index of 
suitability rather than a measure of physical area. 

Weighted usable area is evaluated for each of the habitat suitability criteria selected for 
each flow. WUA is calculated by multiplying the habitat suitability for depth, velocity, and 
substrate (if applied) at each measurement point and multiplying it by the area represented 
by that point. 

WUA can be expressed in two ways: 

•  area or width  

•  percentage of stream area or width. 

WUA in terms of area identifies the flow that maximises habitat, whereas WUA in terms of 
percentage is more useful for comparisons between rivers and for identifying the "most 
efficient flow" - that is the flow where the highest proportion of the stream is "usable". 

Depth 

The mean depth in a section is calculated as the cross-section area divided by the cross-
section width. For a reach, mean depth is averaged over the reach by weighting by the 
percentage of the total reach represented by the cross-section.  

The mean depth in a reach does not necessarily equal the mean reach area divided by the 
mean reach width. 

Velocity 

The mean velocity is the mean velocity across the section or reach rather than the mean 
velocity within the section and the two are not necessarily the same. The mean velocity 
within a section is calculated by dividing the flow (Q) by the cross-section area (A). The 
mean velocity across a section is calculated from the velocity weighted by the water surface 
width over which it occurs. The mean velocity over the reach is the area weighted average 
i.e., 

Sum(V x dA)/Sum(dA) 

Pool, run, riffle 

The proportion of run, riffle and pool habitat is calculated from the predicted Froude number 
at each measurement point. Points with Froude numbers in excess of 0.41 are considered 
to be riffle habitat, and points with Froude numbers of less 0.18 than are considered pool 
habitat. Intermediate values are run habitat. 

Attributes 

All attributes or substrates are averaged for each flow and are summarised.  
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Confidence limits 

Confidence limits can be displayed by clicking on the graph options icon  or Model-
>Confidence limits menu. The default limits are the two-thirds confidence limits and this 
value can be changed in the graph display options. 

Confidence limits are calculated by bootstrapping in reaches where cross-sections have 
been randomly chosen. Bootstrapping assumes that any combination of cross-sections 
could be chosen and that combination is randomly selected with replacement. The amount 
of habitat is calculated for 1000 random choices of cross-section combination and the 
confidence limit calculated. For example, the 95% confidence limits would be the 25 and 
975 values after the 1000 random answers are calculated. 

The cross-section weights, e.g., as determined by habitat mapping, are used to determine 
the combinations of cross-sections are randomly selected. For example, if there are 6 run, 6 
riffle, and 6 pool cross-sections, the WUA will be calculated for 6 randomly selected run 
cross-sections, 6 riffle cross-sections, and 6 pool cross-sections. It is assumed that the 
cross-section weights for each of the habitat types is different. If they are the same, it will be 
assumed that they represent the same habitat type. 

Error bars are plotted on the WUA values. This is the "minimum" confidence limit that the 
WUA value lies within the range. It is a "minimum" because there are other factors that may 
also influence the accuracy of the WUA value. 

A second graph is plotted to show the confidence that can be placed on a maxima. This is 
done by calculating the slope of the WUA relationship 1000 times. The maxima occur where 
the slope is zero and goes from negative to positive. Because the WUA flow curves tend to 
have the same general shape, more confidence can be placed on the maxima than on the 
actual amount of WUA calculated for a reach. 

If every cross-section weighting value is different, the procedure just selects the same set of 
cross-sections each time and the confidence limits are zero. 

Modelling the effect of flow fluctuations on habitat 
The evaluation of flow fluctuations involves comparing habitat at a range of flows with 
habitat at a base flow. 

The concept is that some aquatic species may become established at locations that provide 
suitable habitat at base flow. If the flows change, and the location no longer provides 
suitable habitat, then that location would not be considered suitable under a fluctuating flow 
regime. 

This assumes that the species is unable to move to other suitable habitats. 

The numerical evaluation of habitat suitability is to sum the available habitat over a reach, 
assuming that the habitat value of a location is the minimum of either the habitat at the 
simulated flow or the habitat at base flow. 

Thus, at each simulated flow, the amount of suitable habitat is the amount of habitat that 
overlaps in space the suitable locations that were available at base flow. 

There are four steps to simulating habitat suitability over a range of fluctuating flows. The 
first three are common to all flow simulation procedures, i.e., 

• Select ratings 

• Select habitat suitability curves  
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• Select range of flows 

• select the base flow 

Fish passage 
The width of river that provides suitable water depths and velocities for the passage of fish 
or boats can be calculated for the reach, either at the surveyed flow or for simulated flows. 

Results are presented as the contiguous width where this is the maximum width in a cross-
section with the required minimum depth and velocity. The total width is the sum of all the 
elements of the cross-section that meet the specified criteria. 

Minimum depth requirements can be found by setting the required velocity to zero, and 
similarly, minimum velocity requirements can be found by setting depth to zero. 

The minimum passage width for the reach is the minimum of all the cross-sections. 

Sediment deposition 
Sediment deposition occurs in areas where the water velocity is low enough to allow 
sediment to settle. The area of potential sediment deposition is calculated for two sizes of 
sediment sand (2 mm) and silt (0.064 mm) over the specified range of flows. 

The force acting at any point on the streambed is calculated from the bed shear stress, 
defined as: 

bed shear stress = wRS 

dimensionless bed shear stress = RS/(sg-1)/substrate size 

where w is the specific weight of water (density x g), R is the hydraulic radius, S the slope, 
and sg the specific density of the substrate. 

The slope at a cross-section changes with flow. At low flow the slope in pools is low and 
riffles are steeper, but as the flow increases the slope in pools increases and the slope in 
riffles gradually decreases. 

The change in slope with flow can only be modelled if the rating curve at each cross-section 
is known, either from predicted water surface profiles or stage-discharge curves fitted to 
calibration gaugings. 

In either case, the water level at each cross-section must be related to a common datum 
and the distance between sections known. 

This means that the reach must be surveyed as a representative reach rather than by 
habitat mapping, where it is not necessary to survey levels to the same datum or to record 
distances between sections.  

The slope calculation option is available only with reach data, otherwise RS is calculated at 
each point using Manning's equation 

i.e., V = 1/n R^2/3 S^1/2  

and  RS = (Vn/R^1/6)^2 

Manning n at each point is calculated by Strickler's equation: n = 0.04145 * d^1/6 where d is 
the median substrate size in m. 
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If substrate data are not available, the cross-section average value of Manning N is used. If 
the section Manning N is not fitted or cannot be calculated, the default value of 0.03 is used. 

Shield's showed that particles were likely to move when the dimensionless bed shear stress 
was greater than 0.056. The area of potential deposition is the area where the 
dimensionless shear stress is less than 0.056. 

Calculation options 
Shear stress can be calculated from predicted velocity or slope for reach data, but only from 
velocity for habitat mapping data. 

Using velocity data, the velocity distribution factors can either be set to 1 to give a uniform 
distribution (as is likely at high flows) or applied (use VDFs checked) to reproduce the 
measured velocity distribution. 

The latter option is recommended for the calculation of sediment deposition. 

Flushing flows 
Flushing flows are flows that remove the fine sediments and periphyton accumulations from 
stream substrates. Flushing flows are necessary in most streams to remove accumulated 
fine sediments and to restore interstitial space in gravel substrates. 

Surface flushing flows remove the fine sediments from the surface layer, leaving the armour 
layer largely intact. Periphyton will also be removed by the abrasive action of fine sediments 
moving over the surface. 

Deep flushing flows disturb the armour layer, removing the sediments that have deposited 
within the gravel matrix. 

The force acting at any point on the streambed is calculated from the bed shear stress, 
defined as: 

bed shear stress = wRS 

dimensionless bed shear stress = RS/(sg-1)/substrate size 

where w is the specific weight of water (density x g), R is the hydraulic radius, S the slope, 
and sg the specific density of the substrate. 

The calculation of the amount of disturbance caused by a flow is based on bed shear stress. 
Shield's showed that particles were likely to move when the dimensionless bed shear stress 
equalled 0.056. Subsequent studies indicated that this value may be slightly high. Milhous 
used data from a small gravel bed stream to show that surface sediments were flushed 
when the dimensionless bed shear stress exceeded 0.021 and that the armour layer was 
disturbed when the stress exceeded 0.035. These values are used to calculate the area of 
the streambed that is flushed. 

Calculation options 
Two methods can be used to calculate bed shear stress. 

1. Slope and hydraulic radius  

The bed shear stresses are the forces that resist the effect of gravity on water flow. The sum 
of the bed shear stresses is proportional to the depth of water and the slope of the river. 
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Thus, the slope of the river must be known before flushing flow requirements can be 
estimated. 

The slope can be specified as either the (slope between the cross-sections) or the average 
slope over the reach. 

The slope between cross-sections changes with flow. At low flow the slope in pools is low 
and riffles are steeper, but as the flow increases the slope in pools increases and the slope 
in riffles gradually decreases. 

The change in slope with flow can only be modelled if the rating curve at each cross-section 
is known, either from predicted water surface profiles or stage-discharge curves fitted to 
calibration gaugings. 

In either case, the water level at each cross-section must be related to a common datum 
and the distance between sections known. 

This means that the reach must be surveyed as a representative reach rather than by 
habitat mapping, where it is not necessary to survey levels to the same datum or to record 
distances between sections.  

Flushing usually occurs at flows higher than the flow that was surveyed. As flows increase, 
the slope at any cross-section will tend towards the average slope. Thus, an average reach 
slope should be used if the flushing flows are an order of magnitude higher than the survey 
flow. 

If habitat mapped data are used, flushing flow requirements can be calculated by entering 
the average slope over the reach. 

Alternatively, the velocity method can be used where the slope is calculated indirectly from 
velocity and substrate measurements. 

The calculation of bed shear stress from slope and hydraulic radius assumes that the 
velocity distribution across the section is uniform, i.e., that the velocity at each point is 
proportional to the depth. At high flows, this will be true in many cases because small 
obstructions that effect the velocity distribution will be drowned.  

2. Manning N and velocity  

Bed shear stresses can be calculated from Manning's equation by: 

bed shear stress = sqrt(g) * V * Manning N / R^1/6 

where Manning N at each point is calculated by Strickler's equation: 

n = 0.04145 * d^1/6 where d is the median substrate size in m and R the point hydraulic 
radius, and V the point velocity calculated from conveyance and the point velocity 
distribution factor (VDF). 

If substrate data are not available, the cross-section average value of Manning N is used. If 
the section Manning N is not fitted or cannot be calculated, the default value of 0.03 is used. 

The velocity distribution factors can either be set to 1 to give a uniform distribution (as is 
likely at high flows) or applied to reproduce the measured velocity distribution. 

Substrate size  

The effect of bed shear stress at point depends on the substrate size. Obviously, large 
substrate requires higher stresses for movement than small substrate. 
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If average armour size (d85) mm is checked, an average armour size is used to calculate 
flushing flow effectiveness at each point.  

If not checked, the d85 substrate size at each point is calculated from the substrate 
composition at each measurement point. 

The calculation from percentage composition multiplies the percentage of each size 
category by its average size. 

For example, the average size of 60% gravel (8-64mm) and 40% cobble (64-256mm) is:  

Average size = 0.6*36mm + 0.4*160mm = 85.6mm. 

The default average armour size is calculated in a similar way, except that the d85 size is 
estimated. 

The size of suspended and bedload sediments moved by a flow are calculated from 
formulae presented by Milhous. 

These are: 

Max. suspended sediment size = Slope x hydraulic radius/g/((Specific gravity-1) x 0.28) 

Max. bedload size = Substrate size x (Slope x Hydraulic radius /((Specific gravity - ) x 
0.018))^2.85 

Where slope is not used in the calculation of bed shear stress, the slope/hydraulic radius 
product is the bed shear stress calculated by the alternative method (see 2 & 3 above) 
divided by the specific weight of water. 

Baseflow  

The baseflow is the "normal" flow for a particular time of year. 

As flows increase, a river widens with shallow depths and low velocities along the margins 
and velocities are rarely high enough to cause 100% flushing over the entire stream bed. 

However, usually flushing flows are intended to remove fine sediments from the "baseflow" 
channel. 

If baseflow is checked and the baseflow entered, substrate stability is evaluated only for the 
baseflow channel. 

Water temperature modelling  
 

Water temperature modelling is included to help aquatic biologists and engineers predict the 
consequences of stream manipulation, either flow or shade, on water temperatures. Water 
temperatures may affect aquatic systems in many ways, ranging from acute lethal effects, to 
modification of behavioural cues, to chronic stresses, to reductions in overall water quality. 
Manipulations may include reservoir discharge and release temperatures, irrigation 
diversion, riparian shading, channel alteration, or thermal loading. The model has been 
used in the U.S. to help formulate instream flow recommendations, assess the effects of 
altered stream flow regimes, assess the effects of habitat improvement projects, and assist 
in negotiating releases from existing storage projects. 

The model is a mechanistic, one-dimensional heat transport model that predicts the daily 
mean and maximum water temperatures as a function of stream distance and 
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environmental heat flux. Net heat flux is calculated as the sum of heat to or from long-wave 
atmospheric radiation, direct short-wave solar radiation, convection, conduction, 
evaporation, streamside vegetation (shading), streambed fluid friction, and the water's back 
radiation. The heat flux model includes the incorporation of groundwater influx. The heat 
transport model tracks heat and water fluxes down stream. 

It assumes that all input data, including meteorological and hydrological variables, can be 
represented by 24-hour averages or sinusoidal variation about the average. 

Water temperatures are modelled downstream of a section of river.  

The initial water temperature at the head of the reach must either be specified or calculated 
from the stream characteristics upstream of the reach. 

Water flowing downstream will the increase or decrease in temperature until the incoming 
radiation equals the heat lost from the river through radiation and evaporation. The 
temperature at which incoming energy equals the outgoing energy and there is no further 
increase in water temperature is known as the equilibrium temperature. 

The units of temperature are degrees Centigrade and the units of radiation are J/sec/m2 or 
W/m2. 

The change in water temperature is calculated as the water flows downstream using the 
initial water temperature at the beginning of the reach. 

The magnitude of the change will depend on meteorological conditions such as radiation 
and air temperature and the flow. 

Limitations 
• The characteristics of the selected reach or reaches represent the characteristics of a 
longer section of river and not to change with lateral inflow. 

• The model does not handle rapidly fluctuating flows. 

• Turbulence is assumed to thoroughly mix the stream vertically and transversely (i.e., no 
micro thermal distributions).  

Three independent sets of conditions must be specified: 

• Initial water temperature 

• Hydraulic conditions (flow) 

• Meteorological conditions 

Initial water temperature 

The initial water temperature is the temperature of the water flowing into the upstream end 
of the reach. Its units are degrees Centigrade. 

By default, this is the equilibrium temperature calculated assuming an infinitely long 
upstream channel with the same characteristics as the reach, including flow and shade. If 
the default assumption is true, there will be little change in temperature with flow and 
distance downstream. 

Note that differences in the amount of shade between upstream and downstream reaches 
and differences in flow (e.g., as created by abstraction of water), will probably invalidate the 
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default assumption of equilibrium. 

The initial water temperature can be changed by specifying a water temperature in the 
advanced options that are available after modelling with default options or by altering the 
characteristics of the upstream channel (also in the advanced options). 

Flow 

The flow or range of flows to be modelled effects the velocity and depth of water. The rate at 
which water flows and the area river exposed to radiation, influences the rate of increase of 
water temperature. Zero flows cannot be modelled. 

Lateral flow 

The program assumes that lateral inflow (or outflow if negative) is either uniformly 
apportioned through the length of the segment or flows in at a point. 

The temperature of the uniformly distributed lateral inflow generally should be the same as 
groundwater temperature. In turn, groundwater temperature may be approximated by the 
mean monthly air temperature. Exceptions may arise in areas of geothermal activity. 

Daily mean air and ground temperature 

All temperatures are in degrees Centigrade. Daily means are usually the average of the 
daily maximum and daily minimum temperatures.  

Ground temperatures are measured at 1.0 m below ground level, but this can be altered in 
the advanced options. 

If ground temperatures are not available use mean monthly air temperatures. 

Air temperatures should be measured for accurate results; however, this and the other 
meteorological parameters may be obtained from the National Institute of Water and 
Atmospheric Research for a weather station near your site. ' Use the adiabatic lapse rate to 
correct for elevation differences: 

Ta = To + Ct * (Z - Zo) 

where Ta = air temperature at elevation E (C)  

To = air temperature at elevation Eo (C)  

Z = mean elevation of stream    (m)  

Zo = elevation of met. station    (m)  

Ct = moist-air adiabatic lapse rate (-0.00656 deg C/m) 

NOTE: Air temperature will usually be the single most important factor in determining water 
temperature.  

Wind velocity 

The average daily wind velocity over the water surface in m/s. The wind velocity at 
meteorological stations is often higher than that at water surface level. Adjustment of wind 
velocity (and shade) can be used to calibrate a water temperature model to known 
downstream water temperatures. 
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Humidity 

The relative humidity is specified as a decimal value.  

Correct for elevation differences by: 

Rh = Ro * (1.0640 ^ (To-Ta)) * ((Ta+273.16)/(To+273.16)) 

where    

Rh = relative humidity for temperature Ta (decimal) 

Ro = relative humidity at station (decimal)     

Ta = air temperature at stream (deg C) 

To = air temperature at met. station (deg C) 

^ = exponentiation 

0 <= Rh <= 1.0 

Elevation 

The elevation in metres above sea level at the start of the stream reach to be modelled. The 
maximum length of any stream reach is the elevation divided by the gradient, i.e. the point 
at which sea level is reached. 

Slope 

The average friction slope (usually the bed slope) of the stream reach in metres/metre. 

Radiation 

The average daily radiation is one of the most important factors affecting water temperature. 
Radiation is highest in mid-summer and lowest in winter. It is measured in units of J/m2/sec 
(W/m2) with a pyrometer. 

It is often assumed that about 90% of the ground level solar radiation actually enters the 
water. Thus, multiply the recorded solar measurements by 0.90 to get the number to be 
entered.  

Shade 

This is the proportion of the water surface that is shaded. Every stream or river is shaded by 
the banks and surrounding hills and vegetation. The proportion or shade angle is estimated 
as the proportion of sky visible in a 180 deg arc of the sun. Shade represents the proportion 
of the incoming solar radiation that does not reach the water. The amount of shade can be 
determined either by a trial and error calibration procedure to a known downstream water 
temperature or by measurement. 

More complex shading can be specified in the advanced options, where the average 
topographic angle (shade from topography), average canopy angle (shade from riparian 
vegetation), and the fraction of radiation penetrating the vegetation canopy can be specified 
separately. 

Shade fraction is calculated as topographic shade plus canopy shade. 
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Topographic shade = 1 - Sqrt(Cos(topographic angle)) Canopy shade = (1 - Fraction 
penetrating Canopy) * (Sqrt(Cos(topographic angle))- Sqrt(Cos(canopy angle))) 

Thus, the canopy and topographic angles are between 0 and 180, and the canopy angle 
must always be equal to (no vegetation) or greater than the topographic angle. 

Sunshine hours (decimal) 

This parameter is an indirect measure of cloud cover. It is measured with a pyrometer. 

The sunshine hours can be calculated from cloud cover (decimal) as: 

Fraction sun = 1 - Cloud^(5/3) 

Sunshine hours = Fraction sun * daylight hours 

Daylight Length (hours) 

This is the time between sunrise and sunset for the time of year. 

Day number and Latitude 

The day number and latitude are used to calculate the sun angle (solar elevation) at 
different times of day and hence the times at which the stream is shaded by topography or 
riparian vegetation. 

Calibration of water temperature model 
A water temperature model can be calibrated, although this is not necessary in order to get 
a rough idea of the temperature changes that will be caused by a change in flow. 

Field measurements of upstream and downstream daily mean water temperatures, flow, 
and meteorological conditions are used to determine the shade factor or possibly the wind 
velocity that predict the correct downstream water temperature. 

Multiple reaches and sections 

A number of reaches (reach button) or a selection of cross-sections (section button) may be 
specified and water temperatures will be calculated for a section of river with hydraulic 
characteristics that are an average of all reaches 

Reference 

This programme carries out a numerical solution of the differential heat balance equations 
described by Fred D. Theurer in: 

Theurer et al. 1984. Instream water temperature model. United States Fish & Wildlife 
Service. Instream flow information paper 16. 

Theurer's method of calculating daily mean water temperatures and daily maximum 
temperatures can also be shown (by checking option in Graph Options), but is less accurate 
particularly for maximum temperatures. 
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Water surface profile modelling of rivers 

River model 
The basic stream geometrical unit is a cross-section. A reach of river is a number of cross-
sections that represent significant channel characteristics. Each cross-section is described 
by a distance from the most downstream cross-section and a set of offsets and levels that 
describe the ground surface. 

The levels can be specified as a depth below or above water level or as levels. All levels 
must be to the same datum. 

Modelling procedure 
River modelling is a step-by-step procedure: 

•   checking data 

•   model calibration 

•   water surface profile (WSP) calculation 

A survey is made of the channel and waterway at one or more flows. These data are used to 
calibrate a model of the stream reach that can then be used to predict water levels at other 
flows. 

Much of the calibration is automatic using default assumptions. The calibration should be 
checked and can be altered if required. 

The series of predicted water levels are then used to develop stage-discharge relationships 
for each cross-section. 

Analysis of habitat (IFIM) or hydraulic characteristics can then be made for a range of flows. 

WSP - field survey requirements 
The survey and analysis of rivers using water surface profile modelling can be difficult, 
especially in steep or small streams. The alternative procedure is to develop stage 
discharge curves for each cross-section and to weight each section by the proportion of 
channel length it represents (habitat weighting percentage). This alternative method usually 
results in more accurate predictions of water levels and a survey that may be more 
representative of average conditions in the river because it can encompass all habitat types 
over a longer section of river. 

Hydraulic modelling or simulation uses the Manning equation and the standard step method 
("Open Channel Flow", Henderson 1966) to predict the water surface profile for a given flow. 

After selecting the channel to be surveyed, a series of cross-sections are marked out and 
surveyed. 

Habitat surveys will usually require more closely spaced cross-sections than flood flow 
modelling where sections can be further apart because the flow is uniform. 

Flows should be constant while water surface profiles are surveyed. 

Varying flows make subsequent analysis of friction losses difficult. However, if a flow 
change occurs during a survey, it is possible to calibrate a hydraulic model based on the 
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varying flows throughout the reach. 

Cross-section and offset location and spacing determine how accurate the hydraulic model 
will be. If location and spacing is appropriate to the variability of the gradient and cross-
section area there should be little difficulty in calibrating the hydraulic model. 

WSP data 

File 

A data file with the extension RHB is generated for each reach of the river. 

Data either can be entered directly into the file or can be imported from a text file, with the 
extension HAB. The text file format can be read or written by any text editor or word 
processor. 

Reach details 

The first lines of the text file can contain any information, such as a description of the river, 
name, and date of survey. This is the equivalent of the in the data entry form. 

In the text file, specification of reach data begins with the word "BED" and a description of 
up to 10 attributes (or substrates) that will be specified for each cross-section of the reach. 

Attribute names are enclosed in single quotes and the order of attribute names is the order 
in which the corresponding numeric values appear in the cross-section data. e.g. 

BED 'BEDROCK' 'BOULDER' 'COBBLE' 

Any attribute name may be specified, but the following, in upper or lower case, are 
recognised as substrate descriptors to which habitat suitability criteria apply. 

Cross-sections 

Data is then entered cross-section by cross-section in the same format as for habitat data 
surveyed using the stratified random habitat mapping method. The only difference is that 
water levels at each cross-section must be to a common datum, the upstream distance of 
each cross-section must be specified, and the order of cross-sections is downstream to 
upstream. 

Each cross-section is described by a: 

•   distance 

•   name  

•   water level 

and optionally  

•   current meter constants 

Distance and name 

A distance from the downstream section is specified for each cross-section. The distance 
and section name identify the location of the cross-section.  
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The name is enclosed in quotes (") and can contain a maximum of 20 characters. 

Water level 

The water level at the time of the survey follows the section name. This level is used to 
convert measurements of water depth to a common datum.  

Levels in terms of a common datum are termed reduced levels or elevations. Data taken 
from maps or topographic surveys are usually already in terms of reduced level or elevation. 

Velocity 

Water velocities can be recorded directly or as revolutions and time along with meter 
constants. If data is recorded as meter revolutions and time, rather than as velocities, the 
current meter constants are specified after the keyword METER. 

The constants can be either two or five values.  

The meter constants are the slope and constant in the equation used to convert the 
measurement of revolutions/second to a velocity, i.e. 

velocity = slope x revolutions/second + constant 

If two constants are entered the first is the slope or multiplier and the second the constant. 

If five constants are entered a double rating is applied the fist pair of slope and constant are 
applied to the revs/sec and the second pair are applied when the revs/sec exceeds the third 
value. 

If the keyword METER is not followed by meter constants the values for the previous section 
will be used. 

If the keyword METER is not specified then data values are assumed to be velocities rather 
than revolutions and times. 

25.0 'xsect 2' 7.632 METER 0.680 0.06 
Distance 'name' water level meter mult. const. 

or with two stage meter rating 

25.0 'xsect 2' 7.632 METER 0.680 0.006 .032 .725 .002 
Distance 'name' water level meter mult. const. 

or if velocities are to be entered 

25.0 'xsect-02' 7.632 
Distance 'name' water level 

Multipoint velocity measurements 

Multi-point velocity measurements (e.g. at 0.2 and 0.8 or 0.2, 0.6 and 0.8 depth) are 
averaged to give the mean velocity in the vertical. 

Multipoint measurements repeat the offset and depth measurement with the velocity reading 
or count at each point in the vertical. The order (0.2 or 0.8) does not matter. Attributes must 
be entered with the first velocity measurement but need not be repeated for the following 
multi-point measurements. 
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Velocity measurements at each cross-section only essential for each cross-section if habitat 
analysis (IFIM) is to be carried out with velocity distribution factors calibrated to measured 
velocities. 

Velocity measurements are used to calculate the energy coefficient, which is a coefficient, 
used to correct the velocity head for the cross-section. 

Cross-section rating data 
Pairs of stage and discharge measurements taken at the downstream cross-section at flows 
other than that of the survey define a rating curve that is used to derive starting levels for the 
water surface profile analysis. The variation in Manning's N with flow or hydraulic radius see 
WSP calculation method is calculated from these pairs of values. 

Rating curves can also be defined by pairs of stage and discharge measurements at any or 
all other cross-sections. As with the first cross-section, the variation of Manning's N with flow 
or hydraulic radius is calculated from these pairs of values. 

The pairs of stage and discharge values on which ratings are based, are specified after the 
cross-section description.  

The units of gaugings are m3/s for discharge and metres for stage. The stage must be to the 
same datum as the water level in the cross-section description. 

The stage at zero flow may also be entered at this point. The stage at zero flow is the 
estimated water level at zero flow and forms part of the rating equation: 

Flow = a * (WL-SZF)^b 

Riffles and some runs will be dry when the flow drops to zero so that the stage at zero flow 
is the section minimum and need not be entered specifically. However, pools are not dry 
when the flow drops to zero and at zero flow the water level will be the minimum level of the 
downstream riffle or bar. 

The format for gaugings and stage of zero flow is the keyword GAUGING followed by the 
stage and discharge e.g. 

GAUGING  9.234  .537 
GAUGING  .234  .537 
GAUGING  .234  .537 
SZF       .702 

Cross-section points 
A cross-section is a series of pairs of values of offset and level. The offset is the distance 
from the cross-section origin and the level may be a water depth (negative if above water 
level) or an elevation (level to some datum). 

Measurements across the section must be entered in ascending order of offset with one 
offset per line. 

The data items in order are: 

4.0  6.0  0.96  0 10 90 
offset  depth  velocity up to 10 attributes  

or if revolutions and time is specified. 
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4.0  .60  40  45.6  0 10 90 
offset  depth  revolutions time  up to 10 attributes  

Values must be entered for every data item at an offset, except for multiple depth velocity 
measurements, when attributes can be omitted after the first multiple measurement. The 
same number of attributes must be entered at every section.  

Steep banks can have offset values that are very close together but not the same.  

Overhanging banks cannot be described. 

Negative depths represent a height above the water surface.  

Negative current meter counts indicate water flowing upstream, as in eddies. 

The keyword END indicates the end of a cross-section and repetition of the keyword END 
indicates the end of a reach and the end of the input data. 

Elevation data  

Elevation or reduced level data are entered like water level data except that the keyword RL 
follows the word BED. The main difference is that only pairs of offsets and reduced levels 
are entered. A reference level or datum level must be entered on each cross-section 
header. If all levels are to the same datum this can be zero. 

Reach location and cross-section spacing 
Usually reaches are selected so that they represent the character of a longer section of the 
river. Changes in river gradient and flow often indicate a change in river character. 

Cross-section spacing and location 
Cross-sections should be spaced so that cross-section area, width, and velocity vary 
uniformly between cross-sections. Cross-section spacing will therefore decrease as the 
variability of the stream geometry increases. 

Cross-section spacing should decrease where the water surface slope is constant. Large 
changes in water surface slope between pairs of cross-sections should be avoided. 

The water surface across the section should be as near to horizontal as possible. To do this, 
the cross-section need not be in a straight line, and can curve or kink to follow features such 
as diagonal riffles. This should maintain a constant height difference between all points on 
the section and the adjacent sections. 

Usually cross-sections should be at right angles to the flow but sometimes the requirement 
to have a horizontal water surface may mean that the flow in all or part of the section is not 
at right angles.  Minor deviations can be tolerated but if a large part of the flow is not at right 
angles, the offset distances can be reduced according to the current angle before 
processing the data. Failure to do this will result in an excessively large measured flow for 
the section and incorrect hydraulic characteristics for the section. 

Cross-sections need not be parallel to each other. 

Ideally, the distance between cross-sections is measured along the thalweg. However, this 
is usually measured along one bank, or when cross-sections are not parallel, the average of 
the distance between cross-sections measured along each bank.  
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Downstream section water level 
The relationship between water level and flow at the downstream cross-section gives 
starting levels from which the upstream water surface profile can be calculated. The stage-
discharge relationship is best established by recording water levels for a number of flows in 
the same way as ratings are established for water level recorder staff gauges (see 
hydrology texts such as "Applied Hydrology" by Linsley, Kohler and Paulhus). 

Water levels at the downstream section are measured from either a fixed peg or temporary 
staff. 

Variation of Manning N with flow 

Manning's N is calculated from each gauging: 

Flow = 1/N*A*R^2/3*S^1/2  

assuming that the slope is constant. 

The variation of Manning N  with flow for the rating is calculated according to the  equation: 

N = a Flow^b 

Usually Manning's N increases as flow decreases so that b is  negative. Water levels at 
other flows are calculated in the reverse manner,  by first calculating b from the flow and 
then calculating the water level from Mannings equation. 

The variation of N with flow can be used  in the calculation of water surface profile, as well 
as to determine  an appropriate starting level. If measurements of  flows and levels are 
made at each cross-section, they are used to calculate the variation of N with flow at each 
cross-section.  This improves the accuracy of water surface profile  modelling, especially at 
low flows. 

Water surface profile analysis 
Water surface profile modelling begins with calibration of the model. This involves making 
small adjustments to the level of the cross-section or specifying eddy loss coefficients 
(bend, contraction, and expansion) so that reasonable values of Manning's N or Chezy's C 
are calculated for the observed (calibration) water surface profile. 

After calibration, water surface profiles can be calculated for any flow from a starting level at 
the downstream section.  

WSP method 
Initially, the longitudinal profile of the reach is displayed on the screen, showing the water 
level, mean bed level, and optionally the minimum bed level and minimum bank level. 

When the Model button is pressed, a dialogue box appears in which the starting level and 
flow can be specified. 

The water surface profile is calculated using the standard step method. The calculation 
proceeds in an upstream direction using the level at the downstream section as the starting 
point. The profile is displayed in yellow. 

There is no limit on the maximum water level at any cross-section and hydraulic properties 
are extrapolated depending on the bank slope. The minimum bank level can be displayed to 
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check whether calculated water levels are based on extrapolated cross-section properties. 

A water surface profile can be saved and used to develop rating curves at each cross-
section. When the save button is pressed the profile is drawn in black and will be displayed 
when other flows are modelled. When 2 or more flows are modelled and saved, you will be 
asked whether to calculate rating curves on closing the window. 

Starting level and downstream cross-section 

The starting level for the flow to be simulated can be specified or, by default, is determined 
from the selected rating curve at the downstream section. 

The WSP calculation can begin at a section upstream of the downstream cross-section. 

The starting level is checked to ensure that it is not less than the minimum cross-section 
level, stage of zero flow, and the water level for critical flow at the section. 

Extrapolation of cross-sections 

If the water level is above the highest point surveyed then linear extrapolation is used to 
estimate the water's edge if the bank slope is greater than 1 in 20. If the slope is less than 
this, a vertical bank is assumed 0.01 m from the last point surveyed. 

Mean bed level 

In the water surface profile display, the mean bed level is the water surface level less the 
mean water depth (cross-section area divided by width) and the maximum depth is the 
water surface level less the maximum water depth at the cross-section.  

Interpolated cross-sections 

Usually, a WSP is calculated without interpolated sections.  

The predicted profile should be parallel to the measured profile. However, if not and water 
levels appear unusually high at the upstream end of a convex slope (the head of a riffle) 
then the calculation should be retried using 1 or more interpolated sections. 

When the bed profile is convex, the predicted water level can be overestimated, because 
the average energy slope is overestimated. 

Variation of flow between cross-sections 

If the vary flow box is checked, the flow at each cross-section can be specified individually. 
This can take into account point flow increases caused by tributaries or lateral flows. 

Variation of Manning's N with flow or hydraulic radius 

One of the problems with WSP modelling at low flows is that there can be significant 
changes in the value of Manning's N. The way in which N changes with flow is calculated 
from pairs of stage and discharge measurements automatically. 

If pairs of stage-discharge measurements are available at every cross-section, N can be 
varied at different rates between every pair of cross-sections. the coefficient used is the 
average of the values for the upstream and downstream cross-section. If pairs of gaugings 
are available only for the downstream cross-section, the variation at this cross-section is 
used for the whole reach. 
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Hydraulic losses 
The theoretical base of uniform flow hydraulics and the empirical process of fitting or 
estimating values of N and loss coefficients is one of energy conservation. The theory is 
described in various hydraulic texts such as Henderson's "Open Channel Flow” and Ven Te 
Chow's "Open Channel Hydraulics" and is not repeated in detail here. IFG Group's Instream 
information paper No.  5 gives many practical hints on techniques used. 

Velocity head 

Between any two sections, there is a difference in water level and velocity head (v^2/2g). 
The total hydraulic losses - friction  (Manning's N), bend, expansion and contraction - must 
equal the difference in level plus change in velocity head. 

Friction loss 

The friction loss is computed from the arithmetic average of the hydraulic properties of the 
upstream and downstream section.  

Mannings N 

Values of Manning's N should not alter erratically through the reach. Usually values tend to 
be between 0.020 and 0.15 and to vary gradually through the reach with higher values in 
riffles and lower values in pools or runs. 

If the head difference (water level + velocity) between the sections is negative, a value of N 
cannot be calculated. Such situations should not be possible hydraulically if cross-section 
locations were placed according to the criteria a set out earlier.  The inability to calculate a 
value for N suggests an error in the measured water levels or poorly located cross-sections. 

If a value for N cannot be calculated, the upstream water level may be underestimated or 
downstream water level overestimated. Either can be adjusted to effectively raise or lower a 
cross-section. Normally this adjustment should be within the range of measured left, right 
and midstream water levels. 

Calculating Manning's N and loss coefficients 
Values of Manning's N are calculated between pairs of cross-sections using:  

•    survey flow  

•    elevation difference 

•    section geometry 

With good survey data, the calculated values of Manning's N are all positive (meaning that 
energy is lost as the river flows downhill) and within a consistent range (from about 0.02 in 
pools to 0.15 in riffles). 

This calculation is a stringent check on the water level data, because a small error in level 
will negative values of N (shown as ***** in the output) usually accompanied by a 
correspondingly high value of N at the adjacent section. If satisfactory values are displayed, 
no further adjustment of hydraulic parameters is required. 

Friction loss 
Friction losses (Manning's N) are calculated between cross-sections, where friction loss is 
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an average between two sections. 

Adjustment of level 
Some time the calculated value between 2 sections may be negative or unreasonably high. 
Adjustments to water levels and loss coefficients can be made so that N is positive and 
varies smoothly through the reach. 

Field measurements of water level can be inaccurate and at times, it is appropriate to adjust 
cross-section elevations to obtain reasonable values of N. Adjustments of less than 1 mm 
will often achieve this, especially through pools.  

Hydraulic loss coefficients for bends, contractions and expansions can also be estimated, 
but these are probably best used cautiously. 

Water surface profile calculation method 
The energy loss between two cross-sections is calculated from the average geometrical 
properties (conveyance) of the sections. This average can be calculated by two methods:  

1.  arithmetic mean 

2.  arithmetic mean when the friction slope is increasing and the harmonic mean when 
the slope is decreasing upstream 

The latter method is the default and helps avoid some of the problems that can occur when 
calculating a convex profile. The method can be selected in the Options menu. 

Interpolation of extra cross-sections is another way improving the accuracy of profiles over 
where slopes are changing rapidly. When interpolating between cross-sections, the 
hydraulic characteristics of intermediate cross-sections are calculated by linear interpolation 
between the sections upstream and downstream. 

The friction slope is calculated by either the Manning equation or the Chezy equation. 

The roughness coefficient (Manning's N or Chezy C) can be varied with either flow or 
hydraulic radius. 

The coefficient is assumed to vary logarithmically with either flow or hydraulic radius, 
according to: 

N = Ncalibration * (Q/Qcalibration) ^ beta 

where q is the modelled flow, Qcalibration the survey flow, and Ncalibration the value of roughness 
at the survey flow. 

A value of 0 for beta is equivalent to not varying roughness. 

The adjustment for the variation with hydraulic radius is of a similar form. 

Cross-section beta values 

Values of beta are shown for each cross-section in the ratings, Edit/select menu and in Fit 
roughness menu. Values can be altered if required. 

The average of the beta values for upstream and downstream cross-sections is used to 
adjust the roughness between cross-sections and calculate friction slopes. 
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Reach beta values 

If the water surface profile has been measured at more than the survey flow, and values are 
entered as gaugings, roughness values are calculated between each pair of cross-sections 
for each flow. 

Logarithmic relationships are fitted to the roughness values and either flow or hydraulic 
radius to give reach beta values. 

These values usually give the most accurate predictions of water surface profile. 

 

 Running command files (File/Load commands...) 

Command files are ASCII text files that can be used to process a large number of files at 
one time. 

A command file is selected using the Load commands item of the main Files menu. The 
command file has a suffix CMD and contains text listing the file name of the reach (the RHB 
file name), the flows to be evaluated, and whether the reach is to be merged with the 
previous reach. Reaches can be merged so that the result is an average over a number of 
reaches. Flows can be specified as a range of flows, i.e. a minimum, maximum and interval 
or as a list of flows. 

The format is: 

filename1 flows 1.1 2.2 3.3 5.6 end  
filename2 flows 1.1 2.2 3.3 5.6 end merge 
filename3 flows 1.1 2.2 3.3 5.6 end 
filename4 flows 1.1 2.2 3.3 5.6 end 

In the above example, files 1 and 2 are merged (only the first letter is necessary) and files 3 
and 4 are processed separately. 

All files are evaluated at flows of 1.1 2.2 3.3 and 5.6. If the word range is substituted for 
flows then the next 3 values are the flow minimum, maximum and flow interval. 

The buttons on the graphic display, allow the results for each reach, or set of reaches if 
merged, to be displayed. 

 

Printing and copying 
Window contents can be printed by clicking on the print icon or selecting the print menu 
under File. This will display a dialog box showing a preview of the printed page. Text or 
graphic images can be printed to a file rather than directly to the printer if required. 

Graphic images 
Images can be sized and moved before printing by mouse. The dimensions of the graph can 
also be specified directly, either by setting the overall dimensions of the graph or by setting 
the axes dimensions in order to get a scalable graph (e.g. 1:100). 

All graphs have a set of options  that allow graphs to be displayed in different ways. 
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Typical options allow alteration to:  

• graph title 

• Axes minimum and maximum values 

• number of tick marks and decimal places for axes values 

• the above values to be fixed for the window 

• display of ticks, measurement points and grid 

• Water level in terms of depth or elevation 

• Display SZF on plot 

• Colour and background shading or fill (for printing or copying) 

Copying graphs 
Graphs can be copied to the clipboard for pasting into other programmes. With some 
programmes it is necessary to paste graphs using the Paste Special and the Enhanced 
Metafile option . 

Graphs can also be saved as windows metafiles or bitmaps using the Save As menu under 
the File menu. 

Saving a file as a metafile is the preferred method of export. 

Text fonts 
Text fonts can be altered on the Font menu under the Edit menu. If text is wider than the 
page then the page can be set to landscape or the font can be made smaller. 

Copying text 
Text windows with tables cannot be edited, but can be copied to the clipboard. 

Graphs, text and tables can be copied to the clipboard either by clicking the copy icon  
or selecting copy in the Edit menu or by using the keyboard shortcut Ctrl C. 

When text is pasted into a document tables can be reformatted using the Table AutoFormat 
function. 

Plain text windows displayed when importing data can be edited and saved. This allows 
modifications to be made to HAB files that are imported. After making any modification to a 
hab file the file should be imported again. 

Tables will paste as tables (RTF) into WORD or as columns in EXCEL. 

If Paste Special is used, text can be pasted as unformatted text, where tables are tab-
delimited text. 
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