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1 INTRODUCTION 

Hydro Tasmania Consulting (HTC) has been engaged by Horizons Regional Council (HRC) to 
develop a flood forecasting system to facilitate flood management and emergency response for all 
significant river systems in the council�s area. The system is comprised of hydrological and 
hydraulic models that interact with Horizon�s hydrometric database to predict flow and water level 
forecasts at key locations. Once completed, the Horizons Regional Council Flood Forecasting 
System (HRCFFS) will cover the majority of catchments that the council is responsible for.  

The HRCFFS project is being completed in a series of 5 stages by HTC. This report has been 
produced during Stage 5 of the project and covers the flood forecasting system developed for the 
Whangaehu, Turakina and Rangitikei Rivers. Two separate models have been developed: one for the 
Whangaehu and Turakina Rivers, and the other for the Rangitikei River. A re-calibration of the 
Whanganui hydrologic model is documented in Appendix D (Section 12) of this report. This report 
is the fourth in a suite of documents covering the methodology, assumptions and performance of 
each model that makes up the HRCFFS. The other three reports are referenced in Section 8. 

A series of online flood inundation mapping tools are reliant on the model forecasts produced by the 
HRCFFS. At the time of issue of this report, these web-based tools have been produced at 
Wanganui, just upstream of the confluence of the Mangatainoka and Makakahi Rivers and on the 
Manawatu River at Upper Gorge. The reports relating to these projects are referenced in Section 8 of 
this report. 

Note that the information provided in this report documents the status of the Whangaehu, Turakina 
and Rangitikei models (named �Whangaehu_Turakina_Hydrologic_Model.tso� and 
�Rangitikei_Hydrologic_Model.tso�) at the time of issue of this report. The model and operating 
system may be subject to changes following the date of issue. It is for this reason that all future 
documentation or amendments related to the HRCFFS should remain collated with the original 
documentation to maintain a single point of reference. 

A calibration results summary for all key catchments in the HRCFFS is provided over the page. It 
provides a clear comparison between all calibration sites in each of the catchments. Initially it can be 
seen that the Lower Manawatu and Rangitikei catchments are among the worst performing 
catchments. The recent calibration review of the Whanganui improved the general model fit of the 
upper catchments (as shown by the increase in R2), but the fit of flood events was still not improved 
enough for them to achieve a C rating. The period investigated can also be monitored in this table to 
determine when there might be a suitable amount of additional record to review the calibration. 
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Table 1-1: Calibration Results Summary for the HRCFFS 
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2 SYSTEM OVERVIEW 

 
Figure 2-1: Interactions of the components of the HRCFFS at completion of Stage 5, representing the scheduled 

real-time operating system. 

 
A diagram of the components that make up the HRCFFS is shown in Figure 2-1 above. In general 
each of the modelled catchments comprise of hydrological rainfall-runoff models to forecast flow at 
various points throughout the catchment either for input to the hydraulic models or output directly at 
river gauge locations. The hydraulic models use these forecast flows to produce forecast levels at 
key locations in each catchment. Inputs and outputs are ultimately sourced and written to Hilltop 
database files. The Hilltop database and web-based viewer packages (as developed by HRC) are 
being used as the viewer interface for all output data produced by the HRCFFS. 
 
As shown above the Whangaehu-Turakina and Rangitikei hydrologic models are executed within the 
Whanganui Master Model. 
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All HRCFFS components as shown in Figure 2-1 are defined in more detail below. 
 
 

Master Model
 

Software:  Hydstra Modelling (formerly TimeStudio or Hydrol) 
Inputs/Outputs: All Hydstra models and Mike11 (.sim11) modelling files. 
Comments: 
These models synchronise the run times of all models and run them in the correct order. During real-
time operation of the system, the Master Model runs over a generic time period (normally set as -24 
hrs to +48 hrs). Via an Excel based user-interface or by executing a batch file, some various settings 
can be changed such as start/finish dates, the location and name of the Hilltop input and output files 
and some various run-modes of the hydrologic and hydraulic models (refer to Section 3 for more 
details). It is the Master Model that applies all these changes to all other models prior to running 
them. There are master models for the separate Manawatu and Whanganui catchments and also a 
master model that combines both systems (HRCFFS_Master). 
 
 

Hydrologic Models
 

Software:  Hydstra Modelling (formerly TimeStudio or Hydrol) 
Inputs:  Flows, rainfall and forecast rainfalls from Hilltop. 
Outputs: Modelled flows for hydraulic model (.dfs0) and directly archived in Hilltop if 

outside of the hydraulic model extents. 
Comments:   
The Whangaehu-Turakina and Rangitikei hydrologic models are discussed in detail in this report. 
All other hydrologic models are documented in the previous reports issued as part of the HRCFFS 
(referenced in the Introduction to this report). The UpperGorge_Hydrologic_Model.tso model also 
provides key information (by producing a .xml file) for the web based real-time flood mapping of 
the lower Mangatainoka and Makakahi Rivers, and the flood restriction at the Upper Gorge. 
References to the flood inundation mapping reports are given in the Introduction section of this 
report. 
 
 

Hydraulic Model 
Executer

 
Software:  MS-DOS batch file 
Comments:  
The hydraulic model cannot be run directly from within a Hydstra model (the Master Model) so a 
batch command is required. The same batch file also saves the latest hydraulic model output file as a 
hotstart file for the next run and extracts selected outputs from the Mike11 model (.res11 file format) 
into a multi-column text file format by executing the ResRead.exe application (an additional 
application to Mike11 supplied by the same software developers, DHI).  
 
 

Hydraulic Models
 

Software:  Mike11 
Inputs: Forecast flows and tidal data from hydrological and transfer models (.dfs0). 
Outputs:  Forecast flows and water levels (Mike11 output file, .res11). 
Comments:  
The hydraulic models are discussed in detail in the previous reports issued as part of the HRCFFS. 
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Data Transfer Models

 
Software:  Hydstra Modelling 
Inputs: Hilltop data required for input to Mike 11 (.hts), or Mike11 output data for 

input to a downstream hydraulic model, or archive to Hilltop (.res11 
converted to multi-column text file in the Hydraulic Model Executer � 
discussed above). 

Outputs:  Inputs for Mike11 (.dfs0) or outputs archived back to the Hilltop database. 
Comments:  
Transfer models are used primarily to change the file format of time series data so that it can be 
recognised either by Mike11 or Hilltop. Real-time error corrections at flow gauge locations are also 
performed in these models along with some other basic arithmetic functions (e.g. the preparation of 
the forecast tide information). The DStr_Paetawa_Transfer.tso model also provides key information 
(by producing an .xml file) for the web based real-time flood mapping of the lower Whanganui 
River catchment. References to the flood inundation mapping reports are given in the Introduction 
section of this report. 
 
 
 
Software:  Hydstra Modelling, MS-DOS batch files 
Comments:  
This model and associated files performs some diagnostics run on 5 or 6 of the highest priority 
outputs from each modelled catchment. The model outputs are written to a date and time stamped 
.csv file each model cycle to provide an archive of model outputs that are not progressively 
overwritten. If any of the interrogated outputs contain missing data or values outside of defined 
thresholds then a log file is updated specifying the issue. This log file can potentially be linked to an 
automatic alarming process in the future or manually reviewed on a regular basis. The MIKE11 run 
details log file for each hydraulic model is also checked to ensure that the model ran successfully. If 
not, the failure is also recorded in the log file and a roughstart of the modelling system is 
automatically executed.    
 
 
 
 

 

Condition Monitor
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3 SYSTEM OPERATION 

3.1  REAL-TIME OPERATION - SCHEDULED RUNS 

In its current set-up (at the completion of Stage 5 of the project) the HRCFFS is automated using 
Windows Scheduled Tasks. A separate task is set up for the Manawatu and Whanganui components 
of the system (currently enabled) and a third task is available to run the Manawatu and Whanganui 
combined (currently disabled). At the time of writing this report it is assumed that the combined task 
will probably not be re-instated as the two split tasks are currently working well. If the combined 
task is to be re-enabled, some minor review of this task and its respective commands will be required 
prior to putting the task live. 

Each task has a single command to execute the appropriate Master Model. In its current state the 
tasks are scheduled to run every half hour, and the models produce results on a 15 minute time step. 
Presently the Whangaehu-Turakins and Rangitikei hydrologic models are running on a 30 minute 
time step. 

A shortcut to the Scheduled Tasks has been created on the live modeling server.  

3.2 SINGLE RUN  

Single runs are likely to be performed for two reasons: 

1. If the automated system has failed, then a manual initialisation run (rough start) may be required. 
A rough start will set Mike11 to run from an initial parameter file rather than setting up initial 
conditions from the outputs of the previous run (hotstart file). This will provide a more stable 
environment for Mike11 and help get the system back up and running. More details on Hotstart 
File vs Parameter File are given in the Hydraulic Modelling section of the Whanganui report.  

To run the flood forecasting system through a roughstart open the required batch file from the list 
below:  

C:\HRCFloodFS\Models\Whanganui\RunWhanganuiFloodModels_NoHotstart.bat 

C:\HRCFloodFS\Models\Manawatu\RunManawatuFloodModels_NoHotstart.bat 

C:\HRCFloodFS\Models\ RunHRCFFS_FloodModels_NoHotstart.bat 

Shortcuts have been set up on the desktop of the live modelling server to each of these file 
locations. Once the models have successfully run through a rough start then the Scheduled Tasks 
should run automatically without fail. 

2. A single run may be performed as a scenario run. An Excel based user interface exists for both 
the Manawatu and Whanganui systems. Note that the Whangaehu, Turakina and Rangitikei 
models are included in the Whanganui system. The file locations for these interfaces are shown 
below. 

C:\HRCFloodFS\Models\Manawatu\Manawatu-UserInterfaceV1.xls 

C:\HRCFloodFS\Models\Whanganui\Whanganui-UserInterfaceV1.xls 

The interface, shown in Figure 3-1 below, gives the added availability to change some settings 
and perform a manual run. 
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The results will be outputted to the Hilltop database where they can be viewed. 

Settings that can be changed include: 

 Model Start and Finish times. Either generic or fixed dates and times can be used. 
Generic times state the time with reference to now, for example (-1)/(0)/(0) means one 
day ago in this month on this year. Note that a historical run can only be successfully 
performed if the input data is available over the entire historical run period. 

 Hilltop input and output file locations. It is recommended that if a scenario run is to be 
completed, then the output file location/name should be changed to avoid overwriting any 
existing information. 

 Modelling Mode � there are three modes: Mode 1 uses no rainfall inputs in the model, ie 
it just routes measured flows through the catchment. Mode 2 uses measured rainfall 
inputs only, no forecast rainfall is used. Mode 3 uses all available input data including 
forecast rainfalls. 

 The option of applying real-time flow error correction or not. This could be useful to 
perform a historical run with error correction turned off to review the calibration of the 
hydrological models. 

 The option of running Mike11 with a hotstart file or a parameter file. The difference 
between the two has been discussed in (1) above. Generally for scenario runs, it would be 
expected that Use Hotstart file will be set to �N�, especially if model run times have been 
adjusted. 

 A check box is available to save any changes in settings to the model. Otherwise the 
settings will only apply to the single run and not to any future runs of the model. 

 
Figure 3-1 Screenshot of Manawatu-UserInterfaceV1.xls. 
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To terminate the models at any time, open Windows Task Manager, right click on the process 
cmd.exe, and select End Process Tree from the menu (see graphic below): 
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4 HYDROLOGIC MODEL PROCESSES AND METHODOLOGY 

Two computer simulation models have been developed using Hydstra Modelling, one covering the 
Whangaehu and Turakina Rivers, and the other for the Rangitikei River. The sub-catchments, as 
shown in the Model Details section below, are represented by model �nodes� and connected together 
by �links�. The schematics of both models are displayed in Figure 4-1 and Figure 4-2. 

The general model process is as follows. Rainfall is calculated for each sub-catchment by 
interpolating rainfall from surrounding gauges and supplied forecasts from the Met Bureau. The 
AWBM rainfall/runoff model converts this rainfall to runoff which is routed overland in each sub-
catchment via a catchment routing function. The flow is then directed through the river network via 
a channel routing function. The modeling processes are discussed in more detail in the following 
sections. 

 

 
Figure 4-1: Whangaehu Turakina Hydstra Model schematic 
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Figure 4-2: Rangitikei Hydstra Model schematic 

 

4.1 RAINFALL GAP FILLING AND INTERPOLATION ALGORITHM 

 
Figure 4-3 below and the equations that follow it, provide a detailed methodology for the selection 
and factoring of data from surrounding rainfall gauges during the infilling of missing rainfall data at 
each gauge, or the spatial distribution of rainfall information at sub-catchment centroids. The gap 
filling code is located in the Global node where all the rainfall inputs are collated, and the 
interpolation code is located as a function (accessed by right mouse clicking on the white space of 
the model and selecting the Properties form).  
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Figure 4-3: Rain gauge weighting by quadrants 

 
The diagram above represents the situation where a rain gauge, R, is having a period of missing data 
replaced with data from surrounding gauges. Note that in the case of rainfall distribution to a sub 
catchment centroid, the procedure is exactly the same with the centroid being located at �R�. 
 

A total weighting factor is calculated first using the following equation, 

Total Weighting, 
2
4

2
3

2
2

2
1

W d
1

d
1

d
1

d
1

T   

This accounts for situations where there may not be a rain gauge in each quadrant (Q). Note that the 
maximum number of rain gauges used to estimate the rainfall at location R is four, one for each 
quadrant. This procedure is applied until there is no available measured rainfall data left in the 
catchment. As a result, this process may at times use as little as one rain gauge. Only one rainfall 
gauge per quadrant is selected, always the closest (i.e. the smallest value of dQ). 

The inverse distance weighting of the rainfall gauge in each quadrant is determined with the 
following equation, 

Weighting per Quadrant, 
W

2
Q
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1

d
1

W   

The actual contribution of rainfall from each gauge is then, 

Rainfall Contribution per Quadrant, 
 
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where MAR is the mean annual rainfall. 
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The total rainfall estimate is the combination of each of these rainfall contributions as shown in the 
equation below, 

Total In-filled Rainfall,  QRCR  

 
When there is no measured rainfall data in the catchment then the model will revert to the forecast 
rainfall algorithm and provide a rainfall estimate at each rain gauge location. 
For the infilling of missing rainfall data, this procedure is performed during each time step of the 
model. When determining the rainfall distribution to each sub catchment in the model, the procedure 
is performed once at the beginning of the model run. 
 
A �Threshold� algorithm was added to the gap filling code to account for the feature of HRC�s rain 
gauge network where data is generally only sent back when there is a gauge bucket tip. With this 
arrangement, there is a possibility that data could be null but the gauge is still operating correctly. 
The algorithm works by assuming that if the gauge data is null and interpolated rainfall is high 
(above the threshold) then the gauge is assumed to be not working and the interpolated rainfall is 
adopted. If the interpolated rainfall is below the threshold the gauge is assumed to be working 
correctly and the gauge rainfall is set to zero. The InterpThreshold_mmphr variable in the model 
node defines this threshold and can be adjusted if required. It should be set low (e.g. less than 1 
mm/hr) otherwise there is the potential for this algorithm to remove critical amounts of catchment 
rainfall, particularly during events with consistent low intensity rainfall. 

4.2 RAINFALL/RUNOFF ALGORITHM 

The Australian Water Balance Model (AWBM, Boughton, W) has been applied to calculate the 
catchment runoff based on the rainfall inputs. The code operates in each blue node (shown in the 
model schematic) and the fixed AWBM parameters are located in the bottom right corner of the 
model display. The AWBM model is a relatively simple water balance model with the following 
characteristics:  

 it has few parameters to fit,  

 the model representation is easily understood in terms of the actual outflow hydrograph, 

 the parameters of the model can largely be determined by analysis of the outflow 
hydrograph, 

 the model accounts for partial area rainfall-run-off effects,  

 run-off volume is insensitive to the model parameters.  

 
The AWBM model uses 3 surface soil and 1 ground water store to model the catchment runoff 
process. The 3 soil water stores account for parts of the catchment with different runoff rates.  The 
model produces two outputs; direct runoff (after the contents of any of the soil stores is exceeded) 
and baseflow at a rate proportional to the water depth in the ground water store. Ground water is 
recharged from a proportion of excess rainfall. Soil stores are depleted by evapotranspiration which 
is estimated from seasonal daily pan evaporation.  

The Two Tap version of AWBM was developed by R.Parkyn of Hydro Tasmania. It adds an 
additional baseflow release (2nd tap) and also reduces ground water recharged as ground water store 
gets �saturated� (see INF explanation below).   
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The AWBM model parameters are: 

    Surface Store Parameters:  
 Cap1, Cap2 & Cap3 (mm): Storage capacity of each soil store.  
 A1, A2 & A3: Area proportion of each store. Set to zero if store not required. 
 S1, S2 & S3 (mm): Contents of soil stores. (Changes as model runs) 

    
   Surface Store Parameters: 

 GWstore (mm): Contents of ground water store. (Changes as model runs) 
 INF: Proportion of soil store excess which infiltrates to ground water. This is calculated 
each time step based on: 

INFBase: Default proportion of soil store excess which infiltrates to ground water. 
GWstoreSat (mm): depth in ground water store when INF begins to reduce from 
INFBase. 
GWstoreMax (mm): depth in ground water store when INF becomes zero. INF 
reduces linearly from INFBase to zero as GWstore goes from GWstoreSat to   
GWstoreMax. 

 
K1:  baseflow recession constant 1. 
K2:  baseflow recession constant 2. (2nd tap) 
H_GW (mm): depth in ground water store when K2 begins to add to baseflow.  

 

Boughton & Chiew (2003) have shown that when using the AWBM model, the total amount of 
runoff is mainly affected by the average surface storage capacity and much less by how that average 
is spread among the three surface capacities and their partial areas. Given an average surface storage 
capacity (Ave), the three partial areas and the three surface storage capacities can be assumed to be: 

 

Partial area of smallest store A1=0.134 

Partial area of smallest store A2=0.433 

Partial area of smallest store A3=0.433 

 

Capacity of smallest store C1=(0.01*Ave/A1)=0.075*Ave 

Capacity of smallest store C2=(0.33*Ave/ A2)=0.762*Ave 

Capacity of smallest store C3=(0.66*Ave/ A3)=1.524*Ave 

 

The AWBM processes are shown schematically in Figure 4-4. 
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Figure 4-4 Australian Water Balance Model schematic 
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4.3 CATCHMENT ROUTING ALGORITHM 

In this method direct run off, which is determined by the AWBM water balance model is routed 
through a conceptual non-linear reservoir to simulate the catchment run-off process for individual 
sub-catchments. This code is located in the blue sub catchment nodes (as seen in the model 
schematic, Figure 4-1).  

The catchment lag K of the sub-catchment storage is assumed to be proportional to the square root of 
the sub-catchment area (this is a similar process to that adopted for the Watershed Bounded Network 
Model of Boyd). Direct run-off is applied to the sub-catchment centroid. 

The non-linear storage equation is assumed to be a power function of discharge: 

Sc = K.Qm (Pilgrim, 1987)  

where: 

K = .A0.5 (Carroll, 1993)  

and. 

Sc = Sub-catchment Storage (m3) 

 = Catchment Lag Parameter  

A = Sub-catchment Area (km2 ) 

Q = Sub-catchment Outflow to the Stream at the centroid (m3/s) 

m = Non-linearity Parameter  

 

This relation of K to area is the same as that adopted by Carroll (1993) for URBS and is also used in 
a similar form in the Watershed Bounded Network Model (Boyd et. al. 1987). 

 

Parameters required by Hydstra Modelling and their suggested bounds are: 

 

 Catchment Lag Parameter Between 0.0 and 5.0 

A Sub-catchment Area (km2) Greater than 0.0 (km2) 

m Non-linearity Parameter Between 0.0 and 1.0 
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4.4 CHANNEL ROUTING ALGORITHM 

The channel routing algorithm is applied in each of the black links with a circle at the leading end, as 
shown in the model schematic (Figure 4-1). A common method employed in non-linear routing 
models is a power function storage relation. 
 

S = K.Qn 

K is a dimensional empirical coefficient, the reach lag (time).  In the case of Hydstra Modelling: 

i.L =K   
and  

Li = Channel length (km) 
 = Channel Lag Parameter  
n = Non-linearity Parameter  
Q = Outflow from Channel Reach (m3/s) 

Parameters required by Hydstra/TSM Modelling and their legal bounds are: 

 

 Channel Lag Parameter Between 0.0 and 5.0  

L Channel Length (km) Greater than 0.0 (km) 

n Non-linearity Parameter Between 0.0 and 1.0  

 

4.5 FORECAST RECESSION CORRECTION ALGORITHM 

During forecast periods of low flows a recession equation is applied in preference to the modelled 
data at each significant measured flow gauge. When the modelled flows fall below a specified 
threshold the modelled data is replaced with the following recession equation. 

 Qrecession = (Qlast - const) x k + const 

Where  

 Qlast = the flow value of the previous time step 

 const = a value representing the minimum flow of the river at that point 

 k = a recession shaping factor. 

At times below the threshold, the uncorrected modelled data is used if it is greater than the flow 
resulting from the recession equation (e.g. during the onset of forecast event). No recession equation 
is applied if the modelled flows are greater than the threshold. 

An example of the parameter values and resultant recession are shown in Figure 4-5 below. All the 
functionality is available in the Whangaehu-Turakina and Rangitikei models to apply the low flow 
recession correction algorithm at the location of each major river gauge. But at this stage the code is 
not being utilised as the calibration results showed reasonable low flow fits at most sites. 

If the summer period reveals an issue with the modelled low flows, then little effort is required to 
develop and implement these recession equations. 
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Figure 4-5: Example - Low flow recession equation at Manawatu River at Upper Gorge 

4.6 FORECAST ERROR CORRECTION ALGORITHM 

During normal flood forecasting operation the model will use an error correction algorithm to adjust 
the modelled flow to the measured flow at specific gauges within the catchment. An amplitude 
correction method will be applied using the process outlined below: 

1. During all time periods where measured data is available and of a suitable quality, this data 
will be used in preference to the modelled data. 

2. During all other time periods (i.e. when measured data is not available), the difference 
between measured data and modelled data from the last time step where measured data is available 
(measured � modelled) is added to the modelled data. If no measured data is available throughout the 
entire model run, then the difference remains at zero and the modelled data is unaffected. 

3. As the time without measured data increases, the difference between measured data and 
modelled data is reduced by a decay factor of 0.99 during each time step. 

Note that there are a few variations of amplitude error correction currently in use in the models that 
make up the HRCFFS.  
 
In the lower Manawatu models the algorithm is based on an autocorrelation function of the model 
error. A soil moisture correction was also applied to two locations in the lower Manawatu catchment 
but at the time of issue of this report, the soil moisture algorithm was disabled due to increased real-
time inaccuracies. The methodology of the error corrections used in the lower Manawatu are 
discussed in the Manawatu report. 
 
In the Whanganui model a new amplitude correction process is being trialled. This one adopts a 
linear decay of the difference (as opposed to the factor of 0.99) and adopts two separate decay 
periods depending on whether the hydrograph is on the rise or in recession. The decay period 
determines the time length of the linear reduction of the difference between measured and modelled 
until it reaches zero.  
 
Currently the Upper Manawatu model and the recent Whangaehu � Turakina and Rangitikei models 
are adopting the original error correction algorithm as defined in the 3 step description made above. 
 
Each correction method has its limitations in real-time operation. More detail on the concept of error 
corrections is given in the Recommedations section at the end of this report. 
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4.7 OPERATING ASSUMPTIONS OF THE UPPER WHANGAEHU AND MOAWHANGO 

CATCHMENTS 

At this stage the assumptions based around the controlled regions of each catchment have been kept 
simple. 

Two nodes have been placed in the model at the location of the diversion on the southern foothills of 
Mt Ruapehu that feeds Mangaio Tunnel. But at this stage no allowance has been made for diverted 
flows in this part of the catchment. Natural flow conditions have been assumed as it has little impact 
on the flood flows in the lower reaches of the Whangaehu River.  

It has been assumed that all the catchment upstream of Moawhango Dam does not contribute at all to 
the flows downstream of Moawhango Dam. Apparently Moawhango Dam spills very infrequently 
and without a gauge at the dam site, the regular flushing flow released cannot be measured until the 
Moawhango River at Moawhango gauge. Currently it is recommended that the Rangitikei model 
feeds in measured flows from Moawhango River at Moawhango and only utilises the rainfall runoff 
model downstream of this site. 
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5 HYDROLOGIC MODEL DETAILS 

5.1 EVAPORATION INPUT DATA 

Monthly average evaporation values from Taupo have been used in the model. This is consistent 
with the monthly average evaporations being used in the Whanganui model. The values are linearly 
smoothed in between months. 
 
Some adjustment factors have been applied to the evaporation to improve the calibration results 
including a set of monthly variable evaporation adjustment factors in the Turakina River catchment. 
These adjustments are documented in the Model Calibration section later in the report. 
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Figure 5-1: Average potential evapotranspiration adopted in the Whangaehu Turakina and Rangitikei models. 

5.2 MEASURED RAINFALL INPUT DATA 

All measured rainfall data was provided by Horizons Regional Council (HRC) in a Hilltop Database. 
Around the northern and eastern boundaries of the catchment, some Genesis Energy and Hawkes 
Bay Regional Council gauges have been utilized. The supplied data has been assumed to be of a 
suitable quality for use in the model for historical calibration and real-time operation. A map of the 
rainfall sites used to develop the Upper Manawatu model is shown in Figure 5-2 over the page.  

The rainfall gauge distribution over the Whangaehu, Turakina and lower Rangitikei catchments is 
first class. Even though the gauges from other agencies have improved the distribution in the upper 
and eastern Rangitikei catchment, the Genesis Energy gauges do not seem to be completely 
representative of the northern catchment and the Hawkes Bay Regional Council gauges are located 
on the eastern side of the Ruahine Ranges. Further discussion on the upper Rangitikei rainfall 
distribution can be found in the Model Calibration section later in the report. 
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The long-term average measured data at each gauge has been cross-compared to the output from a 
GIS grid that was developed using the supplied isohyets for the Horizons Region (Table 5-1). 
Adopted values are plotted on the catchment map along with the isohyets in Figure 5-3. The mean 
annual rainfall distribution is relatively uniform over the majority of the catchments except for the 
far north and eastern ranges. In the high rainfall regions in both catchments the rainfall isohets do not 
compare well with the gauge information. In general the gauge information has been used in 
preference to the isohyets. 

 

 
Figure 5-2: Rainfall gauges used in the Whangaehu -Turakina and Rangitikei models.  Red gauges belong to 

Genesis Energy and pink gauges belong to Hawkes Bay Regional Council. 
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Table 5-1: Rain gauge details 
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Figure 5-3: Rainfall distribution map showing MAR isohyets and adopted MAR (mm) at each gauge 
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5.3 MEASURED FLOW INPUT DATA 

Figure 5-5 over the page shows the locations of flow gauges in the Whangaehu, Turakina and 
Rangitikei catchments. The gauges indicated by a red square have been used for calibration and have 
the option to apply real-time error correction.  

Model nodes have also been put in place at the following gauge locations and could be utilised either 
to correct modelled data or output flows if required in the future: 

 
 Two reach locations on the Mangaio Tunnel diversion. 

 Waiharuru at S.H.49 

 Tokiahuru at Junction 

 Moawhango Dam 

The error correction and calibration review algorithms have also been added to the model at the 
location of the Rangitikei at Onepuhi gauge. Although the site is primarily located at the lower 
reaches of the Rangitikei River, the flow rating not of a suitable quality to correct modeled flows or 
calibrate. Figure 5-4 shows that during the high flow period in July 2006 the flows at Mangaweka 
are consistently much larger despite Onepuhi being located downstream. It was agreed that 
Mangaweka is the reliable site and the rating that results in the highest flows (green trace on the plot) 
has been adopted.  
 

 
Figure 5-4: Difference between measured Rangitikei flows at Onepuhi and Mangaweka during July 2006 
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Figure 5-5: Flow gauges used in the Whangaehu -Turakina and Rangitikei models.  Red gauges have been used 

during calibration while orange gauges have not. 

For calibration and review purposes, the rainfall gauge distribution was determined for the total 
catchment upstream of each primary flow gauge. This information is shown in Table 5-2 over the 
page and was calculated by averaging the rainfall gauge weightings at each catchment sub-area 
upstream of the measured flow gauge. The weightings at each sub-area are automatically determined 
according to the model�s rainfall distribution algorithm.  

This information is used to measure the catchment average precipitation and runoff coefficients both 
during flood events and over the long-term. Note that to achieve a better calibration at some sites the 
average precipitation within certain calibration regions needed to be factored up or down. This is not 
accounted for in the weightings shown in the table over the page, or in the calculated runoff 
coefficients that are displayed in the results file spreadsheets and in the calibration results section 
later in the report. 
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Table 5-2: Catchment area and rainfall gauge weightings at each measured flow gauge 
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5.4 SUBCATCHMENT DELINEATION 

The Whangaehu and Turakina catchment model and the Rangitikei model both have been divided 
into 37 sub-areas. The sub-areas have been selected to provide break points at all existing flow 
gauge locations and significant hydraulic structures, and to best capture the spatial distribution of the 
rainfall gauge network around the catchment. The following figures and tables show the sub-
catchment de-lineation and reach lengths for the each model, and display their identifiers and 
properties. 

 
Figure 5-6: Subcatchment breakdown showing subcatchment ID�s 
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Table 5-3: Subcatchment node details 
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Figure 5-7: Location of reach identifiers 
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Table 5-4: Reach length details 

 
 

5.5 RAINFALL DISTRIBUTION 

Table 5-5and Table 5-6 show the rain gauge weighting factors for each sub catchment in both 
models.  
 
These tables can be used to identify the rainfall gauges that are used with the most frequency 
throughout the catchment and therefore which are most critical to the reliability of modelled results. 
It must be stated however, that surrounding rainfall gauges that appear to have little influence in the 
hydrological model are likely to provide much support as backup gauges at times when real-time 
data is not available at the more critical gauges. 
 
The rainfall interpolation applied in the hydrological model (discussed in Section 4.1) is an 
automated approach that is applied generically for each catchment sub-area. This allows the model 
to be adaptable to future changes in the rain gauge network. The table below shows the result of the 
automated process and can be used to investigate whether each sub-area has been best represented 
by the rainfall gauges that surround it. 
 
Note that the weightings for a given sub area do not necessarily add up to 1. This is due to the 
application of a factor relating the mean annual rainfalls at the gauge to the sub-area centroid. 
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Table 5-5: Rain gauge weightings to each catchment sub-area � Whangaehu, Turakina catchments 
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Table 5-6: Rain gauge weightings to each catchment sub-area � Rangitikei catchment 
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5.6 MODEL OUTPUTS 

The model writes outputs back to Hilltop at each of the primary flow locations.  
 
Model outputs at each site include: 
 

 Predicted Flow � Primary modelled flow output. Includes error correction at the site (if it is 
enabled). 

 Predicted Flow (uncorrected) � Provides a continuous flow output without error correction 
applied at the site. Note that error corrections that are applied at upstream sites will influence 
the modelled flows in this record. 

 Predicted Flow 6 hr � Provides a single point from the �Predicted Flow� series at 6 hours in 
the future for each scheduled run of the model. This creates a time series of 6 hour look-
ahead estimates that won�t get overwritten by subsequent model runs. 

 Predicted Flow 12 hr � Provides a single point from the �Predicted Flow� series at 12 hours 
in the future for each scheduled run of the model. This creates a time series of 12 hour look-
ahead estimates that won�t get overwritten by subsequent model runs. 

In addition to the outputs to Hilltop, two files are written to the c:\temp directory if 
�Calibr_Mode_YN� is set to �Y� in the Global Node of the model. 

RG_Weightings.txt outputs the rainfall gauge weightings for each sub-catchment of the model.  

Results_File.csv outputs long-term and event statistics comparing modelled and measured flows for 
each site. It can be used to monitor the ongoing performance of the model as new flood events occur 
in the catchment. Refer to the Recommendations section for some more discussion on model review. 
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6 MODEL CALIBRATION 

6.1 CALIBRATION METHODOLOGY 

Model calibration involves adjusting the catchment parameters so that the modelled data best 
replicates the record at measured flow sites. The calibration process uses all available measured 
rainfall inputs and usually no corrections are made using measured flows in the catchment. This 
process determines the optimum parameters so that the model best represents the catchment and 
river characteristics given the measured rainfall available. When operating in real-time, the model 
will be using forecast rainfall inputs which are likely to affect the results shown in the Sections 
below.  
 
The historical calibration has been measured against performance indicators as specified in Chinese 
Standards (as referenced in the technical paper titled �Evaluation of Hydrologic and Hydraulic 
Models for Real-Time Flood Forecasting use in the Yangtze River Catchment�, 8th National 
Conference on Hydraulics in Water Engineering, ANA Hotel Gold Coast, Australia 13-16 July 
2004). These criteria have been used to standardise the method of assessing the model calibration 
performance over all catchments in the HRCFFS. The forecast accuracy determined on the basis of 
the CD and QR indicators is classified into Grades A, B or C according to criteria shown in Table 
6-1. As mentioned above the accuracy grading is determined over a historical time period using 
measured rainfalls. It does not directly measure the model�s predictive reliability (i.e. in future time 
steps) or take into account the uncertainty of the forecast rainfall inputs.   

Table 6-1: Accuracy grading of flood forecast elements according to Chinese Standards 

 
Qualifying rates (QR) = % of events that are qualified (A qualified event is one where the 
difference in modelled and observed peaks and volumes is <= 20%). 
Coefficient of Determination (CD) = Measure of goodness of fit (R2). 

 
The period considered for calibration is from 01/01/2005 to 01/11/2008. The selected calibration 
period is relatively short due to the inclusion of the majority of rainfall gauges and some stream flow 
gauges following the February 2004 floods. Many of these sites were not instated until late 2004 or 
early 2005. As the calibration period is short there will be benefits in monitoring the model 
performance of these catchments and conducting a calibration review when more data becomes 
available. 
 
Adopted parameters and results summary are provided in the following sections and more detailed 
results at each site are documented in the Appendices (Sections 9 � 11). 
 
In addition to comparative time series plots, a results summary file has been produced for each 
model (Results_File_WhangaehuTurakina.xls, and Results_File_Rangitikei.xls). The model outputs 
a .csv summary file which can be pasted directly into each spreadsheet to present the following 
results at each primary site: 
 

 A summary of the Chinese Standards performance indicators (CD and QR), and a long-term 
flow volume comparison (01/01/2005 � 01/10/2008). 
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 Tabulated event statistics comparing peaks and volumes. Event runoff coefficients have been 
produced to provide more detail on the nature of the catchment and how representative the 
surrounding network of rainfall gauges are. Note that the runoff coefficients are based on the 
catchment average rainfalls prior to the application of any additional factoring of the average 
catchment precipitation variable in the model. Up to 15 flood events can be selected for all 
tributary and upstream sites and up to 20 events can be selected at the major downstream 
gauges. At this stage around 10 � 12 events have been selected for comparison at each site 
due to the limited time frame.  

 A plot of the peak and volume errors for each event. 

 Monthly and seasonal volume balances. 

 
Due to the issues experienced when trying to calibrate the Rangitikei catchment, the calibration at 
Mangaweka allows the input of measured flows from the three available upstream flow gauges: 
Moawhango River at Moawhango, Rangitikei at Pukeokahu and Hautapu at Alabasters. The 
calibration difficulties of the Rangitikei catchment are discussed further in the Calibration Summary 
section below. 

6.2 ADOPTED CALIBRATION PARAMETERS 

The adopted parameter regions and routing parameters are shown below in Figure 6-1 and Table 6-2 
over the page. The following types of parameters have been adjusted during the calibration process: 
 

 The AWBM parameters over five separate regions for each model. Varying regions were 
mostly defined for the catchment area upstream of a particular calibration gauge. Parameters 
were derived for each region independently. 

 The channel and catchment routing parameters (Alpha and Beta). These parameters generally 
vary according to each of the calibration regions. In the Hautapu catchment the catchment 
routing parameter, Beta has been increased significantly in the upper catchment to better 
represent the slower response in that region due to the flat, marshy terrain. 

 To reduce the attenuation of the channel routing process but still allow for a time lag, some 
delays have been applied at the calibration site of interest. This is mostly noticeable at 
downstream sites (particularly Kauangaroa and Oneills Bridge) where the measured upstream 
hydrographs appear to show little or no flow attenuation when they reach the downstream 
site. A combination of a very low Alpha value and a delay at the downstream site would 
allow the model to best replicate this phenomenon. 

 Rainfall scaling factors have been applied at many of calibration regions. Mostly fixed but a 
seasonally variable scaling factor has been applied in the Aranui calibration region. These 
factors apply to all catchment sub-areas in the specific region. Rainfall scaling has generally 
been applied to either reduce overall volumes (if the factor is <1) or to increase the 
magnitude of the models� event peaks or volumes (if the factor is >1). 

 Evaporation scaling factors have been applied at many of the calibration regions. Mostly a 
reduction of evaporation has been applied. The evaporation scaling factors were applied to 
minimise the impacts of under-estimating event peaks while over-estimating the overall 
volume of water in the catchment, which was a common issue for these catchments. In the 
Turakina catchment the evaporation scaling factors were varied monthly. The application of 
rainfall and evaporation scaling factors is considered as a last resort and has been done in 
order to achieve a better fit of flood events. 
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Figure 6-1: Calibration regions 

Table 6-2: Adopted calibration parameters 
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6.3 SUMMARY OF CALIBRATION RESULTS 

Table 6-3 summarises the calibration results for each site in the three river catchments. More 
detailed calibration results for each site are displayed in the appendices at the end of this report. 

Table 6-3: Summary of calibration results 

 
 
 
DISCUSSION OF RESULTS - WHANGAEHU/TURAKINA CATCHMENT: 
 
The Whangaehu and Turakina catchments calibrated well with most sites achieving a B ranking 
making them suitable for official forecasts. But even better results were anticipated given the dense 
distribution of rainfall gauges over these catchments.  
 
In the Whangaehu catchment the model only misses an A rating at Kauangaroa due to a low R2 (CD) 
value of 0.82. This value was dragged down from 0.87 by including 2005 in the analysis period (i.e. 
if the model is run from 2006 the R2 is 0.87). Therefore the overall model performance (and possibly 
the ranking) of the model should improve if 2005 was uncharacteristic.  
 
The low R2 at Aranui is affected by the complex hydrological conditions of Mt Ruapehu. Significant 
rainfall scaling was required here to match the flow volumes and reach the event peaks. In the 
Mangawhero River a single set of parameters was selected based on the fit at Raupio Rd. When 
trying to optimise the calibration fit at Ore Ore, the results were negatively impacted at Raupio Rd. 
Therefore better results at Ore Ore were sacrificed to obtain good results at Raupio Rd. 
 
In the Turakina River a similar situation occurred between the two measured flow sites as witnessed 
in the Mangawhero River. Achieving a good fit at Otairi appeared to have a negative impact on 
Oneills Bridge. When using a single parameter set for the whole Turakina River the event qualifying 
rate (QR) at Oneills Bridge could be improved to 75% but the results at Otairi are significantly 
impacted (R2 = 0.69, QR = 45%).  Despite the C ranking at Oneills Bridge, the rankings do not 
clearly reflect the performance at this site, as 10 out of 12 events are within 25% and the general fit 
(according to R2) is very good.  
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In both the Whangaehu and Turakina Rivers the lower reaches appear to cause little or no 
attenuating effects on the flows from upstream. To account for this in the model, some significant 
delays have been applied at the downstream sites and very low channel routing parameters (Alpha) 
have been adopted to reduce the impact of the non-linear channel routing equations. 
 
DISCUSSION OF RESULTS - RANGITIKEI CATCHMENT: 
 
Calibration of the Rangitikei model proved to be very difficult. Surprisingly the Rangitikei 
catchment appears to possess much more complex groundwater conditions and significant baseflows 
compared to the Whangaehu catchment despite the Whangaehu River�s origin at the peak of Mt 
Ruapehu. In addition to the significant baseflows, the rainfall inputs in all upstream catchments 
appear to often be unrepresentative with little rainfall recorded during significant flow events and at 
other times large rainfalls causing almost no flood rise. Significant factoring of the rainfalls proved 
fruitless with some events still not being reaches with other events over-estimating by a considerable 
margin.  
 
Investigations and discussions found that the impacts of the Ruahine Range are significant on the 
eastern side of the Rangitikei catchment. In addition the rain shadow cast across the south east of Mt 
Ruapehu and apparent under-estimation of the Genesis Energy gauges in the upper catchment added 
considerable uncertainty to the rainfall distribution in these regions. Hawkes Bay Regional Council 
gauges were introduced to better represent the influence of the Ruahine Range on the rainfall into the 
eastern Rangitikei catchment. 
 
Given the difficulties in achieving satisfactory results in the upper reaches of the Rangitikei, it was 
agreed that measured flows be input at Rangitikei at Pukeokahu, Moawhango at Moawhango, and 
Hautapu at Alabasters. The rainfall-runoff portion of the model between these sites and Mangaweka 
was then calibrated to achieve a best fit at the Mangaweka gauge. When using measured flow inputs 
upstream, a very good fit was achieved at Mangaweka which just misses an A rating by a single 
event (QR = 83%). These results rely on the inclusion of the Hawkes Bay rainfall gauges. Without 
them the performance of the model reduces (R2 reduces from 0.9 to 0.86, and QR reduces from 83% 
to 58%). 
 
The Rangitikei model relies on real-time flow data being available at each of the three upstream sites 
mentioned above. Although calibration results for these sites have been presented in this report it is 
recommended that forecast flows are not fed through the model from these sites and only measured 
flows are used. This will have an impact on the forecast lead-time that can be achieved by the 
Rangitikei model (example shown in the following section). 
 
A sample time series is presented in Appendix C showing the flow comparison at Onepuhi. This has 
been included to check the timing of modelled events. When the modelled flows are factored down 
by 0.7 there is a reasonably close agreement between modelled and measured. 
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6.4 MODELLED FLOW RESPONSE WITH ZERO RAINFALL INPUT  

A well calibrated event was selected for the flow site at the base of the three rivers and the rainfall 
was stopped at various time intervals through the event to investigate the models� flow response if 
zero rainfall is input. This gives an indication of the achievable lead-time of the catchment with no 
forecast rainfalls input to the models. Both the Whangaehu and Turakina models can achieve from 6-
9 hours of lead-time if no forecast rain is input, particularly once the peak of the rainfall event has 
occurred.  
 
At Mangaweka the measured flows from upstream sites are also set to zero at the same time as the 
rainfalls and the impact is obvious both on lead-time (~ 3 hours) and also in the fast rate of 
recession.  
 
These lead-times are likely to vary for each event. In practice the models receive forecast rainfall 
inputs which will increase the lead-time, but also increase the uncertainty in the model forecasts 
depending on the accuracy of the supplied forecast rainfalls.   
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Figure 6-2: Model response if rainfall is set to zero � Whangaehu at Kauangaroa 
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Figure 6-3: Model response if rainfall is set to zero � Turakina at Oneills Bridge 
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Figure 6-4: Model response if rainfall and upstream flows are set to zero � Rangitikei at Mangaweka 
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7 RECOMMENDATIONS FOR FUTURE IMPROVEMENTS 

The recommendations below are targeted towards improvements of both the catchment models that 
were developed in this stage as well as the system as a whole.  

 Site information: It is essential for the reliability of Rangitikei model forecasts that the 
following flow sites are providing up-to-date flow data of good quality: 

 Rangitikei River at Pukeokahu 

 Moawhango River at Moawhango 

 Hautapu River at Alabasters. 

It will be of benefit to the Rangitikei and Oroua models to develop a better understanding of the 
rainfall both along the Ruahine Range and also to the east and south east of Mt Ruapehu. 

 House-keeping/diagnostic archives: A condition monitoring process has been implemented for 
the modelling system during the development of Stage 5. At this point in time, .csv files of the 
model output are archived during every cycle and no process is in place to remove them after a 
period of time. Something may need to be implemented to keep this archive at a manageable 
size. Alternatively, they could be archived based on conditions such as if questionable data exists 
or if there is a flood event occurring. If not in place in other HRC processes, an input data 
timeliness report could be produced which will measure the timeliness of telemetered data and 
supplied forecasts.  

 Ongoing Support and Maintenance: Now that the five development stages have been 
completed, a support contract should be considered for emergency response to system issues, 
continual improvement of the system and review of system performance. A support budget is 
currently in place but it might be worth defining the specific tasks of HTC following the 
development of all models. 

 Improvement of Error Correction Techniques. As mentioned in Section 4 of this report there 
are numerous methods of real-time model error correction being applied in the HRCFFS models. 
These include three types of amplitude correction, low flow recession correction and soil 
moisture corrections. Ongoing review of the live performance has identified that the error 
correction techniques can sometimes lead to additional errors in the predicted flow. As was the 
case over this winter period (2008), the impact of these corrections needs to be monitored so that 
an optimum solution can be achieved. There is the possibility that the optimum solution might be 
to remove any correction to measured sites (or significantly reduce the impact of measured flows 
on forecast flows in future time steps) and adopt a different approach to outputting the modelled 
results (e.g. over plotting the measured flows with the uncorrected modelled flows). 

 HRCFFS Model Review: The ongoing review of model performance is essential for 
maintenance and continual improvement of the model reliability. The review could focus on: 

 Forecast rainfall performance/reliability during flood events 

 Model calibration review especially if some significant floods are experienced in the 
catchment, or if significant rating adjustments or changes in the catchment appear to be 
affecting the model performance. Model calibration is usually limited by the time made 
available to calibrate and often the optimum outcome is not achieved. Despite failed 
initial efforts during this study, there is potential to greatly improve the calibration results 
at many locations in the Rangitikei catchment. This may also be applicable to parts of the 



Horizons Regional Council Flood Forecasting System  Whangaehu to Rangitikei Catchments 
 

 
Hydro Tasmania Consulting 121040-Report-4 Rev. 0 Page 42 

Lower Manawatu catchment where a suitable result was not achieved. As this takes time 
and is often benefited by understanding the local conditions, it is a task that could be 
undertaken by HRC personnel which will also help develop an understanding of the 
software. 

 Utilising the 6 hr and 12 hr look-ahead model outputs to monitor the models� predictive 
performance (template plots could be created at high priority sites). 

 General health of the operating system, e.g. monitoring system failures etc. 

Over the recent times HRC have been very effective in monitoring the performance of the 
modelling system as events occur. By setting up some templates and processes it is possible to 
maintain an ongoing log of the system�s performance. 

 Further Knowledge Transfer: Continue to improve the skills and understanding of the 
components of the HRCFFS and the software used among some key staff members. Ideally one 
or two staff members would take on a chief administrator role with the system and be able to 
pass their knowledge on to other staff members of HRC. 

 Catchment Average Rainfall Output to Hilltop: Currently most hydrologic models in the 
system are calculating the catchment average rainfall during each model time step at the location 
of major flow gauges. This data is not being archived but could be useful information for HRC 
for a number of hydrology related investigations. If new measurements are set up in Hilltop then 
these catchment average rainfalls can be output from the models. 
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9 APPENDIX A � WHANGAEHU RIVER CALIBRATION RESULTS 

9.1 WHANGAEHU AT KAUANGAROA: 

 

 

Table 9-1: Calibration Event Details � Whangaehu at Kauangaroa 
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Figure 9-1: Modelled vs Measured Event Differences � Whangaehu at Kauangaroa 



Horizons Regional Council Flood Forecasting System  Whangaehu to Rangitikei Catchments 
 

 
Hydro Tasmania Consulting 121040-Report-4 Rev. 0 Page 45 

0

200

400

600

800

1000

1200

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

A
ve

ra
g

e 
M

o
n

th
ly

 V
o

lu
m

e 
(M

L
/m

o
n

th
) Measured Flow Volume Modelled Flow Volume Rainfall Volume

 
Figure 9-2: Monthly Average Volumes � Whangaehu at Kauangaroa 
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Figure 9-3: Time Series Comparison � Whangaehu at Kauangaroa (1) 



Horizons Regional Council Flood Forecasting System  Whangaehu to Rangitikei Catchments 
 

 
Hydro Tasmania Consulting 121040-Report-4 Rev. 0 Page 47 

2
0
0
7
 
J
u
n

2
0
0
7
 
J
u
l

2
0
0
7
 
A
u
g

2
0
0
7
 
S
e
p

2
0
0
7
 
O
c
t

2
0
0
7
 
N
o
v

0

5
0

1
0
0

1
5
0

2
0
0

2
5
0

3
0
0

3
5
0

4
0
0

4
5
0

5
0
0

P
e
r
i
o
d
(
0
1
/
0
6
/
2
0
0
7
 
@
 
0
0
:
0
0
:
0
0
 
t
o
 
0
1
/
1
1
/
2
0
0
7
 
@
 
0
0
:
0
0
:
0
0
)

M
o
d
e
l
l
e
d
 
F
l
o
w
 
(
c
u
m
e
c
s
)

M
e
a
s
u
r
e
d
 
F
l
o
w
 
(
c
u
m
e
c
s
)

2
0
0
7
 
J
u
n

2
0
0
7
 
J
u
l

2
0
0
7
 
A
u
g

2
0
0
7
 
S
e
p

2
0
0
7
 
O
c
t

2
0
0
7
 
N
o
v

0 2 4

P
e
r
i
o
d
(
0
1
/
0
6
/
2
0
0
7
 
@
 
0
0
:
0
0
:
0
0
 
t
o
 
0
1
/
1
1
/
2
0
0
7
 
@
 
0
0
:
0
0
:
0
0
)

P
r
e
c
i
p
i
t
a
t
i
o
n
 
(
m
m
/
h
r
)

2
0
0
8
 
J
u
n

2
0
0
8
 
J
u
l

2
0
0
8
 
A
u
g

2
0
0
8
 
S
e
p

2
0
0
8
 
O
c
t

2
0
0
8
 
N
o
v

0

5
0

1
0
0

1
5
0

2
0
0

2
5
0

3
0
0

3
5
0

4
0
0

4
5
0

5
0
0

5
5
0

P
e
r
i
o
d
(
0
1
/
0
6
/
2
0
0
8
 
@
 
0
0
:
0
0
:
0
0
 
t
o
 
0
1
/
1
1
/
2
0
0
8
 
@
 
0
0
:
0
0
:
0
0
)

M
o
d
e
l
l
e
d
 
F
l
o
w
 
(
c
u
m
e
c
s
)

M
e
a
s
u
r
e
d
 
F
l
o
w
 
(
c
u
m
e
c
s
)

2
0
0
8
 
J
u
n

2
0
0
8
 
J
u
l

2
0
0
8
 
A
u
g

2
0
0
8
 
S
e
p

2
0
0
8
 
O
c
t

2
0
0
8
 
N
o
v

0 2 4

P
e
r
i
o
d
(
0
1
/
0
6
/
2
0
0
8
 
@
 
0
0
:
0
0
:
0
0
 
t
o
 
0
1
/
1
1
/
2
0
0
8
 
@
 
0
0
:
0
0
:
0
0
)

P
r
e
c
i
p
i
t
a
t
i
o
n
 
(
m
m
/
h
r
)

 
Figure 9-4: Time Series Comparison � Whangaehu at Kauangaroa (2) 
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9.2 WHANGAEHU AT ARANUI: 

 

 

 

Table 9-2: Calibration Event Details � Whangaehu at Aranui 
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Figure 9-5: Modelled vs Measured Event Differences � Whangaehu at Aranui 



Horizons Regional Council Flood Forecasting System  Whangaehu to Rangitikei Catchments 
 

 
Hydro Tasmania Consulting 121040-Report-4 Rev. 0 Page 49 

0

50

100

150

200

250

300

350

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

A
ve

ra
g

e 
M

o
n

th
ly

 V
o

lu
m

e 
(M

L
/m

o
n

th
) Measured Flow Volume Modelled Flow Volume Rainfall Volume

 
Figure 9-6: Monthly Average Volumes � Whangaehu at Aranui 
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Figure 9-7: Time Series Comparison � Whangaehu at Aranui 
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9.3 MANGAWHERO AT RAUPIO RD: 

 

 

 

Table 9-3: Calibration Event Details � Mangawhero at Raupio Rd 
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Figure 9-8: Modelled vs Measured Event Differences � Mangawhero at Raupio Rd 
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Figure 9-9: Monthly Average Volumes � Mangawhero at Raupio Rd 
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Figure 9-10: Time Series Comparison � Mangawhero at Raupio Rd 
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9.4 MANGAWHERO AT ORE ORE: 

 

 

 

Table 9-4: Calibration Event Details � Mangawhero at Ore Ore 
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Figure 9-11: Modelled vs Measured Event Differences � Mangawhero at Ore Ore 
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Figure 9-12: Monthly Average Volumes � Mangawhero at Ore Ore 
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Figure 9-13: Time Series Comparison � Mangawhero at Ore Ore 
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10 APPENDIX B � TURAKINA RIVER CALIBRATION RESULTS 

10.1 TURAKINA AT ONEILLS BRIDGE: 

 

 

Table 10-1: Calibration Event Details � Turakina at Oneills Bridge 
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Figure 10-1: Modelled vs Measured Event Differences � Turakina at Oneills Bridge 
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Figure 10-2: Monthly Average Volumes � Turakina at Oneills Bridge 
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Figure 10-3: Time Series Comparison � Turakina at Oneills Bridge (1) 
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Figure 10-4: Time Series Comparison � Turakina at Oneills Bridge (2) 
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10.2 TURAKINA AT OTAIRI: 

 

 

 

Table 10-2: Calibration Event Details � Turakina at Otairi 
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Figure 10-5: Modelled vs Measured Event Differences � Turakina at Otairi  
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Figure 10-6: Monthly Average Volumes � Turakina at Otairi 
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Figure 10-7: Time Series Comparison � Turakina at Otairi 
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11 APPENDIX C � RANGITIKEI RIVER CALIBRATION RESULTS 

11.1 RANGITIKEI AT MANGAWEKA: 

 

 

Table 11-1: Calibration Event Details � Rangitikei at Mangaweka 
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Figure 11-1: Modelled vs Measured Event Differences � Rangitikei at Mangaweka 
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Figure 11-2: Monthly Average Volumes � Rangitikei at Mangaweka 
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Figure 11-3: Time Series Comparison � Rangitikei at Mangaweka (1) 
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Figure 11-4: Time Series Comparison � Rangitikei at Mangaweka (2) 
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11.2 RANGITIKEI AT PUKEOKAHU: 

 

 

Table 11-2: Calibration Event Details � Rangitikei at Pukeokahu 
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Figure 11-5: Modelled vs Measured Event Differences �Rangitikei at Pukeokahu 
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Figure 11-6: Monthly Average Volumes �Rangitikei at Pukeokahu 
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Figure 11-7: Time Series Comparison � Rangitikei at Pukeokahu 
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11.3 HAUTAPU AT ALABASTERS: 

 

 

Table 11-3: Calibration Event Details � Hautapu at Alabasters 
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Figure 11-8: Modelled vs Measured Event Differences � Hautapu at Alabasters 
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Figure 11-9: Monthly Average Volumes � Hautapu at Alabasters 
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Figure 11-10: Time Series Comparison � Hautapu at Alabasters 
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11.4 MOAWHANGO AT MOAWHANGO: 
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Figure 11-11: Monthly Average Volumes � Moawhango at Moawhango 
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Figure 11-12: Time Series Comparison � Moawhango at Moawhango 
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11.5 MAKOHINE AT VIADUCT: 
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Figure 11-13: Monthly Average Volumes � Makohine at Viaduct 
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Figure 11-14: Time Series Comparison � Makohine at Viaduct 
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11.6 RANGITIKEI AT ONEPUHI 
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Figure 11-15: Time Series Comparison � Rangitikei at Onepuhi 
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12 APPENDIX D - WHANGANUI RECALIBRATION 

During the 2008 winter the Whanganui flood model was showing consistent signs of under-
estimating the measured floods. This prompted a model re-calibration.  

It was found during the re-calibration that a model rainfall parameter �Interpolation Threshold� was 
causing the issue. This threshold defines a quantity of hourly rainfall that must be exceeded at 
nearby gauges before assuming that any missing data points at a SCADA event-based rainfall gauge 
are actually missing and not just a period of no rain (due to the event-based polling of that data). 
This value was set to 5mm/hr which is significant enough to cause the reduction in modelled flow 
events shown in the red trace in Figure 12-1 below. This value was reduced significantly to 0.5 
mm/hr and the improvement can be seen in the blue modelled trace.  

 
Figure 12-1: Impact of �Interpolation Thresold� Model Parameter on Model Performance during 2008 winter 

 
A re-calibration was still undertaken for the Whanganui catchment, mostly concentrating on the sites 
in the upper catchment (especially Ongarue and Ohura). Although some noticeable improvements 
were made at these sites, it resulted in very little improvement at the downstream sites. In all cases 
the R2 and qualifying rate have been improved but in some cases the average event errors (peak and 
volume) have increased.  
 
Due to the marginal improvements, the original model parameters are still in use for the Whanganui 
model but the modified �Interpolation Threshold� value was applied across all models in the 
HRCFFS. 
 
If the results below appear to be convincing enough for the model parameters to be updated, then it 
will take little time to modify the live model. 
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Figure 12-2: Whanganui Hydrologic Model � Original Calibration Parameters (2007) 
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Figure 12-3: Whanganui Hydrologic Model � Original Calibration Parameters (2007) 

 

Table 12-1: Calibration Results Summary 
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