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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 4 of the project and covers the flood forecasting system developed for the 
Upper Manawatu River catchment to the Upper Gorge flow gauge. This report is the third in a suite 
of documents covering the methodology, assumptions and performance of each model that makes up 
the HRCFFS. The other two reports are referenced below: 

Peterson, J, Ludlow, C, (2007) �Horizons Regional Council Flood Forecasting System: 
Whanganui Catchment Operating Manual�, Hydro Tasmania Consulting, Australia 
 
Cox, G, Murray, R, (2006) �Horizons Regional Council Flood Forecasting System: 
Manawatu Catchment Operating Manual�, Hydro Tasmania Consulting, Australia 

 
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 
and just upstream of the confluence of the Mangatainoka and Makakahi Rivers. A third mapping tool 
is being developed for the region just upstream of Upper Gorge. The reports relating to these 
projects are referenced below: 
 

West, N, (2008) �Mangatainoka & Makakahi Rivers Flood Mapping and Website 
Development�, Hydro Tasmania Consulting, Australia 
 

Ludlow, C, Robinson, K, (2007) �Whanganui River Flood Forecasting System Flood Map 
Preparation and On-Line Real Time Map Presentation�, Hydro Tasmania Consulting, 
Australia 

 

Note that the information provided in this report documents the status of the Upper Manawatu model 
(named �Upper_Gorge_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 the 
documentation related to the HRCFFS should remain collated to maintain a single point of reference. 
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2 SYSTEM OVERVIEW 

 
Figure 2-1: Interactions of the Components of the HRCFFS at Completion of Stage 3, 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 Upper Manawatu hydrologic model, �Upper_Gorge_Hydrologic_Model.tso�, is 
executed first as part of the Manawatu Master Model. 
 
All HRCFFS components as shown in Figure 2-1 are defined in more detail below. 
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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 the appropriate 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 archived in Hilltop if outside 

of the hydraulic model extents. 
Comments:   
The Upper Manawatu hydrologic model is 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). 
 
 

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 a .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. 
 
 

Housekeeping Executable
 

Software:  MS-DOS batch file 
Comments:  
This file was produced to routinely archive log files produced by the Master Model as to avoid 
system failure due to the file size of the log. In future stages these house-keeping tasks will perform 
additional roles such as the creation of a diagnostic archive of Mike11 runs and the production of 
data timeliness and condition monitoring reports. More discussion on potential house-keeping tasks 
is given in the Recommendations for Future Improvements section at the end of this report. 
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3 SYSTEM OPERATION 

3.1  REAL-TIME OPERATION - SCHEDULED RUNS 

In its current set-up (at the completion of Stage 4 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).  

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. 

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. 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. 

The results will be outputted to the Hilltop database where they can be viewed. 
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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. 

 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 

A computer simulation model was developed using Hydstra Modelling. The sub-catchments, 
described above, are represented by model �nodes� and connected together by �links�.  A schematic 
of this model is displayed in Figure 4-1. 

 
Figure 4-1: Hydstra Model Schematic 

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. 
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4.1 RAINFALL GAP FILLING AND INTERPOLATION ALGORITHM 

 
Figure 4-2 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).  

 N 
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Figure 4-2: 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, 

1 1 1 1
d1 d2 d3 d4

Total Weighting, TW =  +  +  + 
 

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 will be 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, 

1 1
dQ TW

Weighting per Quadrant, WQ = x
. 

The actual contribution of rainfall from each gauge is then, 
MARR

MARQ
x x rQRainfall Contribution per Quadrant, RCQ = WQ

 
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, R =   RCQ 

   
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 still operating OK. 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. For 
low intensities interpolated rainfall the gauge is assumed to be working OK 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. A typical setting is 5mm/hr.  

 

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 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 4-3. 
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Figure 4-3 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 

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) 



Horizons Regional Council Flood Forecasting System  Upper Manawatu Catchment 
 

 
Hydro Tasmania Consulting 121040-Report-2 Rev. 0 Page 15 

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. 

The equation parameters have been determined by investigating two observed recession periods at 
each flow station as shown in Figure 4-4 below. Only the Manawatu River at Upper Gorge gauge 
has a recession correction applied to it at this stage. The reasons for this are discussed further in the 
Recommendations section later in this report. The recession factors determined below only apply 
when the model is run on a 15 minute time step. 
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Figure 4-4: Low Flow Recession Equation 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 
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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.  
 
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. 

4.7 FLOOD FLOW ATTENUATION IN THE MANAWATU RIVER 

The Upper Manawatu River exhibits an increased attenuation of flows when they reach high flood 
magnitudes. This was evident during calibration when the range of higher magnitude floods were 
showing good comparisons of event volumes but a significant over prediction of modelled peaks (as 
seen in Figure 4-5 over the page).  

To account for this, adjustments were made to the channel routing at three locations in the 
Manawatu River by increasing the channel lag parameter and (in some cases) the reach length once 
the flow exceeds a range of predefined thresholds. All flow up to the first threshold would travel 
down the river using the standard routing parameters, but any flow above this threshold would be 
influenced by increased lag parameters. Multiple sets of increased lag parameters (either two or 
three) have been adopted and apply within pre-defined flow ranges as shown in Table 4-1. The 
channel lag parameter Alpha has been increased by applying a multiplier to the standard Alpha that 
was determined at each location during the calibration process. This approach was also used to 
account for the significant flood restrictions of the Manawatu Gorge.  

 

Table 4-1: Flood Flow Attenuation Parameters 

 



Horizons Regional Council Flood Forecasting System  Upper Manawatu Catchment 
 

 
Hydro Tasmania Consulting 121040-Report-2 Rev. 0 Page 18 

 
Figure 4-5: Impact of the Flood Flow Attenuation during the February 2004 Event 
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4.8 OPERATING ASSUMPTIONS OF THE UPPER MANGAHAO DAMS 

Limited real-time information is available for the lakes and associated hydropower development in 
the Upper Mangahao catchment. For this reason the operational assumptions have been kept 
reasonably simple. It is likely that increasing the complexity of the model rules and assumptions 
would lead to little improvement in the accuracy of the results. 

The model accounts for the impact of the Upper Mangahao dams by assuming the following: 
 For historical timesteps the measured stage at Upper Mangahao Dam 1 is read into the model. 

 As soon as the measured stage series is unavailable, the head to storage volume relationship is 
used to calculate the corresponding storage volume of the lake (shown in Figure 4-6 below). 
Note that in these plots a head of 0m corresponds to a lake level (above sea level) of 354m 
which in turn corresponds to a stage height of -4.231 from the measured stage. 

 For all forecast timesteps (or if the measured stage is not available) the level is calculated using 
the head to storage volume relationship. Storage volume is calculated as previous storage volume 
+ inflow � 10 m3/s (through the power station). 

 All inflow (less the 10 m3/s assumed to go through the power station) is assumed to spill and 
travel down the Mangahao River if the stage exceeds 16.7 m (i.e. a head of 20.931m). 

y = -0.000153x4 + 0.009591x3 - 0.117485x2 + 0.451919x
R2 = 0.999494
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Figure 4-6: Lake Head to Storage Volume (and Reverse) Relationships for Upper Mangahao No 1 Dam 
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5 HYDROLOGIC MODEL DETAILS 

5.1 MEASURED INPUT DATA 

All measured data (rainfall and flow) was provided by Horizons Regional Council (HRC) in a 
Hilltop Database. The supplied data has been assumed to be of a suitable quality for use in the model 
for historical calibration and real-time operation. If uncertainties with the measured data arose, they 
were discussed openly throughout the development of the model. A map of the primary sites used to 
develop the Upper Manawatu model is shown in Figure 5-1 below. 

In addition to the flow, rainfall and evaporation inputs shown in the map and discussed in the 
following sections, real-time stage is being input to the model at Upper Mangahao Dam No 1. Each 
rainfall gauge also has a corresponding forecast rainfall input (located adjacent to it as seen in the 
model schematic, Figure 4-1). Forecast rainfalls have not been investigated in this report.  

 

Figure 5-1: Location of Measured Site Information in the Upper Manawatu Catchment. Rainfall Stations 
Labelled in Blue and Flow Stations Labelled in Black. 
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5.1.1 Evaporation Data.  

Monthly average evaporation values from Station D06212 Dannevirke have been used in the model. 
The values are linearly smoothed in between months. 
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Figure 5-2: Average Potential Evapotranspiration adopted in the Upper Gorge catchment model. 

 
 

5.1.2 Measured Rainfall Data 

The rainfall sites shown in Figure 5-1 and Table 5-1 were considered for use in the model. Of these 
sites, all gauges have been included except for the Waihi gauge due to a lack of available data and its 
low relevance to the Upper Manawatu catchment. In general a good distribution of gauges is present 
over the catchment except for the central to north-eastern region. Figure 5-3 shows the variation of 
mean annual rainfalls across the catchment at each gauge location.  

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 highlighted red if the long-term calculated average differed greatly from the 
value selected off the grid. Two of these sites (Mangatainoka at Hillwood Hukanui and Tiraumea at 
Ohehua Repeater) are highly influential gauges over the model subcatchments (as seen in Table 5-5 
later in the report). 
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Table 5-1: Rain Gauge Details 

 
 
 

 
Figure 5-3 Mean Annual Rainfall Grid 
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5.2 MEASURED FLOW DATA 

Figure 5-1 shows the locations of the primary sites included in the Upper Manawatu model for 
calibration and real-time error correction. The model has been developed with site nodes in place for 
an additional 8 secondary sites should there be a future need to include the measured site information 
into the model, or alternatively if modelled data needs to be extracted at the locations of these sites. 
These locations are marked in model interface with orange nodes as can be seen in the model 
schematic, Figure 4-1 in Section 4. These 8 sites are: 
 

 Mangatoro at Mangahei Rd 

 Tamaki at Water Supply Weir 

 Kumeti at Te Rehunga 

 Oruake Retaki at Oringe 

 Raparapawai at Jacksons Rd 

 Makuri at Tuscan Hills 

 Mangahao at Kakariki 

 Manga-atua at Hutchinsons 

 

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 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. This is not reflected in the table 
over the page, or in the calculated runoff coefficients that are displayed later in the report. More detail 
on how this data was used is supplied in the Calibration section. 
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Table 5-2: Catchment Area and Rainfall Gauge Contribution at each Measured Flow Gauge 
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5.3 SUBCATCHMENT DELINEATION 

The Upper Manawatu River catchment has been divided into 51 sub-areas. The sub-areas have been 
selected to provide break points at all existing flow gauge locations and to best capture the spatial 
distribution of the rainfall gauge network around the catchment.  

Figure 5-4 shows the sub-catchment breakdown for the Upper Manawatu River Catchment along 
with the sub-catchment identifiers. The properties of each sub-catchment are listed in Table 5-3.  
Figure 5-5 and Table 5-4 show the properties of the reach (river) lengths. 

 
Figure 5-4: Subcatchment Breakdown Showing Location of Catchment Identifiers 
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Table 5-3: Subcatchment Node Details 
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Figure 5-5: Location of Reach Identifiers 
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Table 5-4: Reach Length Details 
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5.4 RAINFALL DISTRIBUTION 

Table 5-5 over the page shows the rain gauge weighting factors for each sub catchment in the model.  
 
This table 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. 

5.5 MODEL OUTPUTS 

The model writes outputs back to Hilltop at each of the primary flow locations. The modelled flow at 
Manawatu at Upper Gorge is used as an input to the �TeachersCRRR.tso� hydrologic model. 
 
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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Table 5-5: Rainfall Gauge Weightings at each Sub Catchment Centroid � all Gauges 
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6 MODEL CALIBRATIONS 

6.1 CALIBRATION METHODOLOGY AND ADOPTED PARAMETERS 

Model calibration involved adjusting catchment parameters so that the modelled data best replicated 
the record at measured flow sites. The calibration process uses all available measured rainfall inputs 
and no corrections to 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. During the historical calibration no flow correction is being applied at 
upstream gauges. 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.  
 

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). 

 
Calibration has been investigated over a period from 1990 to 2007 depending on the available record 
at each primary flow site. However a bias has been given to the time period starting from 2000. This 
is because at many of the sites, initial calibration results suggested that a different set of parameters 
would be optimum over 2000 - 2007 than from 1990 - 2007. This could be attributed to a number of 
factors including changing methodology and technologies relating to data recording, the availability 
of more rainfall information later in the period or even the change in nature of storms and conditions 
in the catchment. Regardless of the reasons, it was decided that the adopted parameters would be 
more suitable for forecasting in current conditions if they are based around more recent events. 
 
Calibration results at each primary each site includes: 
 

 A summary of the Chinese Standards performance indicators and recommendation, and a 
long-term flow volume comparison. The summary has been provided for the full run period 
(1990 � 2007) and also from 2000. 

 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 
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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 have been selected for 
all sites except at Upper Gorge where 20 events have been chosen. A bias has been given 
towards events that occur in the period from 2000 for events smaller than the top 5 in some 
regions of the catchment (particularly in the Mangatainoka and Tiraumea catchments).  

 A plot of the peak and volume error for each event. 

 Monthly and seasonal volume balances. 

 Event plots. 

 A sample time series plot. 

 
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 9 separate regions. Varying regions were mostly defined for the 
catchment area upstream of a particular calibration gauge, but in some cases the regions were 
extended to the end of the river (e.g. Mangahao) or to adjacent sub catchments (e.g. Tamaki).  

 The channel and catchment routing parameters (Alpha and Beta). These parameters generally 
vary according to each of the nine calibration regions; however there are some exceptions 
with the use of Alpha in the model. The biggest exceptions are in the Upper Mangahao where 
an Alpha of 1.2 has been applied to the dam site, and at the lower reaches of some tributaries 
(just before they meet with the Manawatu River) the Manawatu Alpha of 0.9 has been 
applied. 

 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. 

 Rainfall scaling factors have been applied at many of calibration regions. Either fixed or 
monthly variable scaling factors have been used and they apply a proportional scaling to all 
sub area within the region. Rainfall had to be increased in all cases where scaling factors 
were applied. The factors were required for all sub areas in the southern half of the Upper 
Manawatu catchment, especially in the Mangatainoka and Mangahao River catchments. 

 

The calibration results are shown for each site in the following sections. 
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Figure 6-1: Calibration Regions � Upper Manawatu River Catchment 

 

Table 6-2: Adopted Calibration Parameters 
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6.2 CALIBRATION RESULTS � MANAWATU RIVER AT UPPER GORGE 

 
In addition to the standard set of calibration outputs, Figure 6-2 shows the response of the model 
during the Feb 2004 event if rainfall is set to zero at various stages throughout the event. This shows 
the achievable lead-time of a well calibrated event if there is no forecast rain input. The plot shows 
that 6-9 hours of lead-time is achievable but only once the flood event is already on the rise.  
 

Chinese Standards Performance Indicators: 

From 1991:  QR = 80%  CD = 0.93  Accuracy Grading = B  

From 2000:  QR = 92%  CD = 0.94  Accuracy Grading = A 

Recommendation:  Suitable for making official forecasts. 
 
Measured Flow Volume = 48,906 Mm3 (from 1991)             19,736 Mm3 (from 2000) 
Modelled Flow Volume = 47,530 Mm3 (from 1991)             19,282 Mm3 (from 2000) 

 

Table 6-3: Calibration Event Details � Manawatu at Upper Gorge 

 
 



Horizons Regional Council Flood Forecasting System  Upper Manawatu Catchment 
 

 
Hydro Tasmania Consulting 121040-Report-2 Rev. 0 Page 35 

-40

-30

-20

-10

0

10

20

30

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Event Number

%
 D

if
fe

re
n

ce
 (

m
o

d
el

le
d

 v
s 

m
ea

su
re

d
)

Peak Difference Volume Difference

 
Figure 6-2: Modelled vs Measured Event Differences � Manawatu at Upper Gorge 
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Figure 6-3: Monthly Average Volumes � Manawatu at Upper Gorge 



Horizons Regional Council Flood Forecasting System  Upper Manawatu Catchment 
 

 
Hydro Tasmania Consulting 121040-Report-2 Rev. 0 Page 36 

Feb 14 Feb 15 Feb 16 Feb 17 Feb 18 Feb 19 Feb 20 Feb 21 Feb 22 Feb 23 Feb 240

500

1000

1500

2000

2500

Period(14/02/2004 @ 00:00:00 to 24/02/2004 @ 00:00:00)

Measured Flow (cumecs) Modelled Flow (cumecs)
EVENT COMPARISON - MANAWATU @ UPPER GORGE

Feb 14 Feb 15 Feb 16 Feb 17 Feb 18 Feb 19 Feb 20 Feb 21 Feb 22 Feb 23 Feb 240

2

4

6

8

10

Period(14/02/2004 @ 00:00:00 to 24/02/2004 @ 00:00:00)

Precipitation (mm/hr)

Jul 20 Jul 21 Jul 22 Jul 23 Jul 24 Jul 25 Jul 260

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400

Period(20/07/1992 @ 00:00:00 to 26/07/1992 @ 00:00:00)

Measured Flow (cumecs) Modelled Flow (cumecs)

Jul 20 Jul 21 Jul 22 Jul 23 Jul 24 Jul 25 Jul 260

2

4

6

Period(20/07/1992 @ 00:00:00 to 26/07/1992 @ 00:00:00)

Precipitation (mm/hr)

 



Horizons Regional Council Flood Forecasting System  Upper Manawatu Catchment 
 

 
Hydro Tasmania Consulting 121040-Report-2 Rev. 0 Page 37 

Aug 17 Aug 18 Aug 19 Aug 20 Aug 21 Aug 220

200

400

600

800

1000

1200

1400

1600

1800

2000

Period(17/08/2004 @ 00:00:00 to 22/08/2004 @ 00:00:00)

Measured Flow (cumecs) Modelled Flow (cumecs)

EVENT COMPARISON - MANAWATU @ UPPER GORGE

Aug 17 Aug 18 Aug 19 Aug 20 Aug 21 Aug 220

2

4

6

Period(17/08/2004 @ 00:00:00 to 22/08/2004 @ 00:00:00)

Precipitation (mm/hr)

Apr 9 Apr 10 Apr 11 Apr 12 Apr 13 Apr 14 Apr 15 Apr 160

200

400

600

800

1000

1200

1400

1600

1800

Period(09/04/1991 @ 00:00:00 to 16/04/1991 @ 00:00:00)

Measured Flow (cumecs) Modelled Flow (cumecs)

Apr 9 Apr 10 Apr 11 Apr 12 Apr 13 Apr 14 Apr 15 Apr 160

2

4

6

8

Period(09/04/1991 @ 00:00:00 to 16/04/1991 @ 00:00:00)

Precipitation (mm/hr)

 



Horizons Regional Council Flood Forecasting System  Upper Manawatu Catchment 
 

 
Hydro Tasmania Consulting 121040-Report-2 Rev. 0 Page 38 

Sep 27 Sep 28 Sep 29 Sep 30 Oct 1 Oct 2 Oct 3 Oct 4 Oct 50

200

400

600

800

1000

1200

1400

1600

Period(27/09/2004 @ 00:00:00 to 05/10/2004 @ 00:00:00)

Measured Flow (cumecs) Modelled Flow (cumecs)

EVENT COMPARISON - MANAWATU @ UPPER GORGE

Sep 27 Sep 28 Sep 29 Sep 30 Oct 1 Oct 2 Oct 3 Oct 4 Oct 50

1

2

3

4

5

Period(27/09/2004 @ 00:00:00 to 05/10/2004 @ 00:00:00)

Precipitation (mm/hr)

Aug 14 Aug 15 Aug 16 Aug 17 Aug 18 Aug 190

200

400

600

800

1000

1200

1400

Period(13/08/2001 @ 18:00:00 to 19/08/2001 @ 00:00:00)

Measured Flow (cumecs) Modelled Flow (cumecs)

Aug 14 Aug 15 Aug 16 Aug 17 Aug 18 Aug 190

2

4

6

Period(13/08/2001 @ 18:00:00 to 19/08/2001 @ 00:00:00)

Precipitation (mm/hr)

 



Horizons Regional Council Flood Forecasting System  Upper Manawatu Catchment 
 

 
Hydro Tasmania Consulting 121040-Report-2 Rev. 0 Page 39 

Oct 19 Oct 20 Oct 21 Oct 22 Oct 23 Oct 24 Oct 25 Oct 26 Oct 270

200

400

600

800

1000

1200

1400

Period(19/10/1998 @ 00:00:00 to 27/10/1998 @ 00:00:00)

Measured Flow (cumecs) Modelled Flow (cumecs)

EVENT COMPARISON - MANAWATU @ UPPER GORGE

Oct 19 Oct 20 Oct 21 Oct 22 Oct 23 Oct 24 Oct 25 Oct 26 Oct 270

2

4

6

Period(19/10/1998 @ 00:00:00 to 27/10/1998 @ 00:00:00)

Precipitation (mm/hr)

Oct 6 Oct 7 Oct 8 Oct 9 Oct 10 Oct 11 Oct 12 Oct 13 Oct 14 Oct 15 Oct 16 Oct 170

200

400

600

800

1000

1200

1400

Period(06/10/2000 @ 00:00:00 to 17/10/2000 @ 00:00:00)

Measured Flow (cumecs) Modelled Flow (cumecs)

Oct 6 Oct 11 Oct 160

2

4

6

Period(06/10/2000 @ 00:00:00 to 17/10/2000 @ 00:00:00)

Precipitation (mm/hr)

 



Horizons Regional Council Flood Forecasting System  Upper Manawatu Catchment 
 

 
Hydro Tasmania Consulting 121040-Report-2 Rev. 0 Page 40 

Jan 19 Jan 24 Jan 29 Feb 3 Feb 8 Feb 13 Feb 18 Feb 23 Feb 28 Mar 4 Mar 9 Mar 140

500

1000

1500

2000

2500

Period(15/01/2004 @ 00:00:00 to 15/03/2004 @ 00:00:00)

Measured Flow Modelled Flow

Aug 11 Aug 16 Aug 21 Aug 26 Aug 31 Sep 5 Sep 10 Sep 15 Sep 20 Sep 25 Sep 30 Oct 5 Oct 100

500

1000

1500

2000

Period(10/08/2004 @ 00:00:00 to 10/10/2004 @ 00:00:00)

Measured Flow Modelled Flow

TIME SERIES COMPARISON - MANAWATU RIVER AT UPPER GORGE

Sep 1 Sep 6 Sep 11 Sep 16 Sep 21 Sep 26 Oct 1 Oct 6 Oct 11 Oct 16 Oct 21 Oct 26 Oct 310

200

400

600

800

1000

1200

1400

Period(01/09/2000 @ 00:00:00 to 01/11/2000 @ 00:00:00)

Measured Flow Modelled Flow

Jun 2 Jun 7 Jun 12 Jun 17 Jun 22 Jun 27 Jul 2 Jul 7 Jul 12 Jul 17 Jul 22 Jul 27 Aug 10

200

400

600

800

1000

1200

1400

Period(01/06/2006 @ 00:00:00 to 01/08/2006 @ 00:00:00)

Measured Flow Modelled Flow

 



Horizons Regional Council Flood Forecasting System  Upper Manawatu Catchment 
 

 
Hydro Tasmania Consulting 121040-Report-2 Rev. 0 Page 41 

Feb 14 Feb 15 Feb 16 Feb 17 Feb 18 Feb 19 Feb 200

500

1000

1500

2000

2500

Period(14/02/2004 @ 00:00:00 to 20/02/2004 @ 00:00:00)

Measured Flow (cumecs)
Modelled Flow - All Rain Input (cumecs)
Modelled Flow - Rain Stopped 16/02/2004 00:00
Modelled Flow - Rain Stopped 15/02/2004 21:00
Modelled Flow - Rain Stopped 15/02/2004 18:00

Feb 14 Feb 15 Feb 16 Feb 17 Feb 18 Feb 19 Feb 200

2

4

6

8

10

Period(14/02/2004 @ 00:00:00 to 20/02/2004 @ 00:00:00)

Precipitation (mm/hr)
Precipitation to 16/02/2004 00:00 (mm/hr)
Precipitation to 15/02/2004 21:00 (mm/hr)
Precipitation to 15/02/2004 18:00 (mm/hr)

 
 

Figure 6-4: Achievable Lead-Time at Upper Gorge if Input Rain is set to Zero at Varying Times During the Feb 
2004 Event. 

 
Figure 6-5: Modelled vs Measured Scatter Plot Showing Goodness of fit at Manawatu at Upper Gorge 
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6.3 CALIBRATION RESULTS � MANAWATU RIVER AT WEBER RD 

Results for Manawatu at Weber Rd have been produced using record from 2004 which was the 
period of available data. The site has been identified as having some issues with the upper end of its 
rating, potentially over-estimating in the upper end by around 10%. This has been taken into 
consideration when calibrating at this site.  
 
The modelled results at the Mangatoro river gauge were investigated and found to be much lower 
than the measured flows. To achieve a good fit the rainfall had to be scaled by an additional 60%. 
Because site data was only available from 2006, little emphasis was given to this site and an overall 
calibration at Weber Rd was given priority.  

Chinese Standards Performance Indicators: 

QR = 100%  CD = 0.87  Accuracy Grading = B  

Recommendation:  Suitable for making official forecasts. 
 
Measured Flow Volume = 1782 Mm3 
Modelled Flow Volume = 2059 Mm3 
 

Table 6-4: Calibration Event Details � Manawatu at Weber Rd 
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Figure 6-6: Modelled vs Measured Event Differences � Manawatu at Weber Rd 
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Figure 6-7: Monthly Average Volumes � Manawatu at Weber Rd 
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6.4 CALIBRATION RESULTS � MANAWATU RIVER AT HOPELANDS 

The rating at Hopelands was found to be over-estimating flows by about 4-5% in the upper end. This 
had little impact on the selection of calibration parameters at this site. 
 
A time series comparison plot is provided for the Tamaki at Stephensons, as a regional set of 
parameters was adopted for this part of the catchment given its unique catchment response (as 
discussed during the September 2007 site visit). 
 

Chinese Standards Performance Indicators: 

From 1991:  QR = 73%  CD = 0.85  Accuracy Grading = B  

From 2000:  QR = 100%  CD = 0.87  Accuracy Grading = B 

Recommendation:  Suitable for making official forecasts. 
 
Measured Flow Volume = 14,019 Mm3 (from 1991)             6,284 Mm3 (from 2000) 
Modelled Flow Volume = 14,759 Mm3 (from 1991)             6,334 Mm3 (from 2000) 
 
Tamaki at Stephensons: 
 
Run time:  01/01/2005 � 01/01/2007 
 
CD (R2) = 0.84 
 
Measured Flow Volume = 213 Mm3 

Modelled Flow Volume = 211 Mm3 
 

Table 6-5: Calibration Event Details � Manawatu at Hopelands 
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Figure 6-8: Modelled vs Measured Event Differences � Manawatu at Hopelands 
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Figure 6-9: Monthly Average Volumes � Manawatu at Hopelands 
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6.5 CALIBRATION RESULTS � TIRAUMEA AT NGATURI 

This catchment has produced some of the worst results. Parameters have been adopted to achieve a 
better outcome according to the Chinese Standards Performance Indicators but it can be seen in the 
% difference plot that there may be a bias towards an under-estimation of events. Due to the good 
overall calibration at Upper Gorge the calibration for Tiraumea has been finalised but future 
monitoring of the model performance will be beneficial. 
 

Chinese Standards Performance Indicators: 

From 1991:  QR = 60%  CD = 0.77  Accuracy Grading = C  

From 2000:  QR = 67%  CD = 0.74  Accuracy Grading = C 

Recommendation:  Suitable for making reference forecasts. 
 
Measured Flow Volume = 9,502 Mm3 (from 1991)             4,104 Mm3 (from 2000) 
Modelled Flow Volume = 8,613 Mm3 (from 1991)             3,754 Mm3 (from 2000) 
 

Table 6-6: Calibration Event Details � Tiraumea at Ngaturi 
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Figure 6-10: Modelled vs Measured Event Differences � Tiraumea at Ngaturi 
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Figure 6-11: Monthly Average Volumes � Tiraumea at Ngaturi 
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6.6 CALIBRATION RESULTS � MAKAKAHI AT HAMUA 

 

Chinese Standards Performance Indicators: 

From 1991:  QR = 80%  CD = 0.88  Accuracy Grading = B  

From 2000:  QR = 85%  CD = 0.90  Accuracy Grading = A 

Recommendation:  Suitable for making official forecasts. 
 
Measured Flow Volume = 4,104 Mm3 (from 1991)             1,450 Mm3 (from 2000) 
Modelled Flow Volume = 3,754 Mm3 (from 1991)             1,503 Mm3 (from 2000) 

 

Table 6-7: Calibration Event Details � Makakahi at Hamua 
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Figure 6-12: Modelled vs Measured Event Differences � Makakahi at Hamua 
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Figure 6-13: Monthly Average Volumes � Makakahi at Hamua 
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6.7 CALIBRATION RESULTS � MANGATAINOKA AT LARSONS RD 

 

Chinese Standards Performance Indicators: 

From 1991:  QR = 73%  CD = 0.81  Accuracy Grading = B  

From 2000:  QR = 77%  CD = 0.84  Accuracy Grading = B 

Recommendation:  Suitable for making official forecasts. 
 
Measured Flow Volume = 2,920 Mm3 (from 1991)             1,130 Mm3 (from 2000) 
Modelled Flow Volume = 3,011 Mm3 (from 1991)             1,178 Mm3 (from 2000) 

 

Table 6-8: Calibration Event Details � Mangatainoka at Larsons Rd 
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Figure 6-14: Modelled vs Measured Event Differences � Mangatainoka at Larsons 
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Figure 6-15: Monthly Average Volumes � Mangatainoka at Larsons Rd 
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6.8 CALIBRATION RESULTS � MANGATAINOKA AT PAHIATUA 

Despite the good calibrations achieved at the two upstream sites (Mangatainoka at Larsons Rd and 
Makakahi at Hamua), this site almost fails to qualify according to the Chinese Standards 
Performance Indicators. The calibration at the upstream sites achieves a good to excellent correlation 
(CD) and the event volumes manage to qualify for all events considered. This suggests that there are 
timing issues between the combining of flows from the Mangatainoka and Makakahi Rivers but this 
was investigated by applying a range of flow delays on both rivers which resulted in no 
improvement of the results.  
 
The upstream inundation and overland flow during events of this magnitude may be causing enough 
impact on the routing of floods down the river which cannot be modelled by standard rainfall-runoff-
routing methodology in a hydrologic model. The site exhibits an interesting hydrograph rise during 
flood events which in some cases is less steep than the recession. 
 
The reliability of the forecasts at this site does not impact the flood map selection process linked to 
the Mangatainoka online flood mapping tool as the magnitudes of the forecasts at the two upstream 
sites are used to determine the appropriate map. 

Chinese Standards Performance Indicators: 

From 1991:  QR = 53%  CD = 0.89  Accuracy Grading = < C  

From 2000:  QR = 62%  CD = 0.90  Accuracy Grading = C 

Recommendation:  Suitable for making reference forecasts (for period from 2000). 
 
Measured Flow Volume = 10,365 Mm3 (from 1991)             4,101 Mm3 (from 2000) 
Modelled Flow Volume = 11,470 Mm3 (from 1991)              4,537 Mm3 (from 2000) 

 

Table 6-9: Calibration Event Details � Mangatainoka at Pahiatua 
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Figure 6-16: Modelled vs Measured Event Differences � Mangatainoka at Pahiatua 
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Figure 6-17: Monthly Average Volumes � Mangatainoka at Pahiatua 
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6.9 CALIBRATION RESULTS � MANGAHAO AT BALLANCE 

Five significant under-predictions in event peaks reduce the accuracy grading to a C. These events 
were investigated to see if the simplified rules for the Upper Mangahao Dams were linked to the 
problem. But in all cases the measured stage was above the magnitude that would initiate spill 
according to the model rule. 
 
Due to a slight over prediction in the higher priority events, this parameter set was deemed adequate. 

Chinese Standards Performance Indicators: 

From 2000:  QR = 67%  CD = 0.89  Accuracy Grading = C 

Recommendation:  Suitable for making reference forecasts. 
 
Measured Flow Volume = 3,208 Mm3  
Modelled Flow Volume = 3,342 Mm3  

 

Table 6-10: Calibration Event Details � Mangahao at Ballance 
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Figure 6-18: Modelled vs Measured Event Differences � Mangahao at Ballance 
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Figure 6-19: Monthly Average Volumes � Mangahao at Ballance 
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7 RECOMMENDATIONS FOR FUTURE IMPROVEMENTS 

Being a staged project, much is being learnt about the flood forecasting system as it is still being 
developed. Most of the areas for improvement outlined below are likely to have an effect on the 
system as a whole, not just the Upper Manawatu catchment.  

 Site information: There is a good distribution of site information over the Upper Manawatu 
catchment. The existing site information has resulted in a good calibration at Upper Gorge and 
the two indicator sites being used in the online flood mapping of the Mangatainoka 
(Mangatainoka at Larsons and Makakahi at Hamua). If the Mangahao catchment becomes a high 
priority interest for HRC it may be beneficial to implement a recorder that provides a better 
understanding of the outflow from the Upper Mangahao Dams. 

 House-keeping/diagnostic archives: There are a number of house-keeping and monitoring tasks 
that can be incorporated into the HRCFFS to obtain a better understanding of the real-time 
performance of the operating system and its components. To begin this process, a moving 
archive (of possibly 30 days) will be created to keep a record of Mike11 folders for diagnostic 
purposes. Other components that could make up the complete monitoring system include: 

 An input data timeliness report which will highlight the real-time performance of 
telemetered data and supplied forecasts.  

 The timeliness report can also create a time-stamped account of every scheduled run 
which will highlight periods where the FFS goes offline. An additional step could be 
taken to create a condition monitoring report which provides enough information to 
identify any of the components that are underperforming including input data timeliness, 
success/failure of the hydrologic model runs, and success/failure of the hydraulic model 
runs. 

 Archived custom plots could prove to be useful in capturing each model run prior to data 
being overwritten in the database.  

Some diagnostic processes were implemented since the completion of Stage 3 but this can be 
looked into further once all HRC catchments have been modelled. 

 Ongoing Support and Maintenance: As the project further approaches completion, 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. 

 Standardisation 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) and adopt a different approach to outputting the modelled results (e.g. over 
plotting the measured flows with the uncorrected modelled flows). Once the Stage 5 models have 
been built and implemented, the error correction approach should be standardised across all 
models. 



Horizons Regional Council Flood Forecasting System  Upper Manawatu Catchment 
 

 
Hydro Tasmania Consulting 121040-Report-2 Rev. 0 Page 79 

 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. 

 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 winter/high flow period 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. 
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