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The New Zealand Ministry for the Environment and Statistics NZ have adopted a pressure-state-impact 
framework for national environmental reporting. This framework includes information on biophysical state, 
trends over time, pressures driving changes in the state, and the impacts of changes in the state on ecosystem 
integrity, public health, economic benefits derived from utilising natural resources, and culture and recreation. 
Application of this framework to the freshwater environment requires estimates of how much water is being 
abstracted from rivers and the impacts of these takes on the freshwater environment. This extended abstract 
describes a pressure-state-impact model for freshwater flows that has been devised to provide these estimates on 
a daily basis across New Zealand using a national digital river network. A database is used to collate information 
describing, for each abstraction, from where the water is being taken, the purpose of abstraction, total recorded 
water use, maximum allowable water use and any associated environmental flow rules. A model is applied to 
position each take on the river network, accumulate its effects downstream and therefore estimate total recorded 
water use and maximum allowable water use upstream of each river segment on a daily basis. A national 
rainfall-runoff model is used to estimate naturalised flows for comparison with abstractions at each segment. 
 

1 INTRODUCTION  

Pressure-state-impact frameworks have been commonly applied in relation to environmental reporting. This type 
of framework includes information on the biophysical state of a domain (e.g. freshwater), trends over time, 
pressures driving changes in the state, and the impacts of changes in the state on ecosystem integrity, public 
health, economic benefits derived from utilising natural resources, and culture and recreation. The framework 
proposes a basis to organise environmental indicators [1]. It provides not only a set of categories to support the 
selection of indicators, but it also encourages discernment of the causal relationships between these indicators.  

The aim of this work was to develop a model that allows the pressure-state-impact framework to be applied 
to river flows across New Zealand. This model enables estimation of the state of freshwater flow regimes 
throughout New Zealand, the pressures on those flows, and their impacts on the environment and supply of 
freshwater for out-of-stream use which might impact our economy and society.  

This model must be able to be applied at the national-scale to estimate the availability of freshwater across 
New Zealand (i.e. freshwater flows) for a defined historic period. In particular, the model should inform the 
questions: a) how much water is being taken through resource consents; b) what are the impacts (both positive 
and negative) of these takes on our environment; c) what is the reliability of supply; and d) what is the potential 
for headroom in respect of out-of-stream water use?  

2 DATA 

2.1 Spatial framework 

The River Environment Classification (REC) is a deductive (i.e., a priori defined) natural flow regime 
classification of New Zealand’s rivers mapped onto a digital representation of the river network. This river 
network comprises 570,000 reaches, each associated with a suite of attributes. These attributes include those that 
pertain to local conditions (e.g. altitude), attributes that pertain to the upstream catchment (e.g. upstream 
catchment area), and attributes that describe inter-connectivity (upstream and downstream connections). This has 
allowed the river network to provide a basis for previous national-level analyses on hydrology [2], 
geomorphology [3], invertebrates [4] and fish [5]. The nationwide nature of the network allows methods to be 
applied consistently, and for results to be reported at national, regional or catchment levels. New Zealand’s 
national river network, as defined in the REC (version 1) was therefore used as the spatial framework for all 
analysis in this project. 



2.2 Water allocation data 

In New Zealand, regional councils and unitary authorities are responsible for various aspects of managing 
freshwater resources. They administer consents to take and use water. They hold records of water use and 
observed river flows. They also delineate management units and set planning provisions in regional plans. Local 
government agencies, therefore, hold a great deal of information that is critical for the application of a national 
freshwater flows pressure-state-impact model. A data schema was designed to allow collation of all data required 
by the model relating to water allocation and use. The schema consisted of 13 separate tables. A brief description 
of these tables is given in Table 1. 

 
Table 1. Brief description of each table within a schema designed to collate information on water allocation. 
 

Table name Associated information 
Table 1 The location, primary use, secondary use, river names etc. associated with each take. 
Table 2 REC reaches associated with each take. 
Table 3 The depth, screen heights etc associated with groundwater takes.  
Table 4 The commencement date, termination date, status etc. associated with each consent. 
Table 5 The use, irrigated area, crop type, etc. associated with each activity within each consent. 
Table 5a Consent conditions associated each activity within each consent, such as maximum 

rates of and links to low flow control sites and low flow control bands. 
Table 6 Values of recorded takes. 
Table 7 Rates of restriction making control rules associated with each band at each control site. 
Table 8 Recorded values at control sites, such as discharge or groundwater levels. 
Table 9 The start date, end date, verification method for reach record of take.  
Table 10 The locations, names and types of each control site. 
Table 11 Linking data containing associations between records, takes, and consents. 
Table 12 Information relating to who supplied the data. 
 

3 METHODS 

3.1 Downstream routing and accumulation 

Each water take was associated with one, or several, river reaches to allow subsequent estimation of stream flow 
depletion. Each surface water take was associated with a single reach. Where this information was not supplied, 
the reach whose river line was nearest to the co-ordinates of the take was identified by calculating the reach 
whose river line was closest to the location of the take. All reaches within 2 km of each groundwater take were 
also identified. 
 
Table 2. Definitions of values being routed and accumulated down the river network. 

 
Name  Source of values  Meaning of values 
Consented Maximum daily consented rate of take on a 

specified day regardless of any low flow 
restrictions specified in the consent. 

Maximum volume of water that could be 
taken on a specified day of the year. 

Restricted Maximum daily consented rate of take on a 
specified day after having accounted for any 
low flow restrictions specified in the consent. 

Maximum volume of water that could be 
taken on a specified day after low flow 
restrictions have been applied. 

Restricted 
with records 

Maximum daily consented rate of take on a 
specified day after having accounted for any 
low flow restrictions specified in the consent 
for consents with recorded values only. 

Maximum volume of water that would be 
expected to be recorded if all recorded 
takes took at their maximum consented 
rate on a specified day of the year. 

 
The model attempted to quantify the possible hydrological effects of recorded takes and the potential 

hydrological effects of water takes on river flows. Many small takes can combine to create considerable 
cumulative effects. Therefore, for each day of the year, for each take, various values were routed and 
accumulated in the downstream direction (Table 2). This allowed calculation of the sum of all upstream takes for 



each day for each reach of the river network. All reaches being influenced by each take were obtained by 
identifying all reaches between that take and the sea. This allowed the downstream effects of multiple takes to be 
accumulated across the river network. All accumulations were calculated on a daily time-step for a particular 
hydrological year (1st July to 30th June). All accumulations were calculated for each day separately. Therefore 
no temporal lags were applied to account for the time of travel of effects downstream from each take point. 

The effects of groundwater abstraction from wells on streamflow were calculated using an analytical 
approach developed from the Glover-Balmer solution [6]. Aquifer recharge from irrigation was not incorporated 
into the model as it was assumed that all irrigation was 100% efficient; therefore all irrigated water is assumed to 
be lost through evaporation. This methodology was applied because it is easily understood and represents a worst 
case scenario for stream flow depletion.   

3.2 Naturalised flow modelling  

Results from an existing national New Zealand hydrological model called TopNet were used to represent 
naturalised flows. This is a spatially distributed, time-stepping model. It combines conceptual water balance 
models for each sub-catchment with a kinematic channel routing model to route streamflow to the basin outlet. 
The model and its constituent equations are fully described in Clark [7]. In brief, the water balance component is 
based on the established Topmodel concepts that subsurface storage controls both saturation excess surface flow 
and baseflow [8]. An additional post-processing step was applied to the national TopNet model results to correct 
the modelled flow duration curve (FDC) based on an independent statistical analysis [2]. 

The ability of the model to reproduce the characteristics of flow regimes observed across New Zealand at 
catchments with reasonably natural hydrology was evaluated. Whether the model could simulate the variability 
in a range of flow indices over space (e.g. mean annual low flows between catchments) and time (e.g., annual 
low flows within catchments) was tested. Three metrics were used to test the quality of the entire hourly flow 
series predicted by the model: Nash-Sutcliffe efficiency, percent bias, and coefficient of determination. See 
Moriasi et al. [9] and references therein for full details of these performance metrics. 
 

4 MODEL OUTPUTS 

The model provides the ability to apply a pressure-state-impact framework to various landscape settings, 
including those providing agricultural and hydroelectricity production, but also containing rivers with high 
environmental values. The model produces the following information in relation to pressures on freshwater: 

• The spatial distribution of takes from surface water and groundwater across a region. 
• The number of consented activities, and how these vary spatially between type of activity (e.g., 

irrigation or public water supply) and type of take (groundwater or surface water). 
• The timing of currently active consents (fixed term versus common expiry dates). 
• The relationship between the amount of consented water (as represented by maximum daily take) 

and the area irrigated by each consent. 
• The number of upstream takes that are influencing each reach across the river network. 
• Mapped differences between accumulated consented takes and accumulated restricted takes (see 

Table 1 for definitions) to indicate the influence of environmental flow rules on water takes. 
• Differences between restricted takes and recorded takes to indicate whether users who supply 

records are utilising their full allocation, and how this changes through the year.   
The model produces the following information in relation to the state of freshwater flows and availability:  

• The proportion of consents with and without data describing recorded takes. 
• For individual takes, behaviours relating to compliance and headroom. 
• The proportion of takes that are non-compliant with respect to their consent conditions when 

averaged over all time, and the proportion that are complying with their consent conditions for the 
entire year.  

• The temporal pattern of restrictions resulting from environmental flow rules throughout the year.  
• Temporal and spatial patterns of cumulated recorded takes to demonstrate the cumulative flow 

recorded to have been abstracted.  
• Temporal and spatial patterns of cumulated consented takes to demonstrate the cumulative flow 

that would have been abstracted in the absence of environmental flow rules.  



• Maps of changes in the durations of low flows under various abstraction scenarios as referenced to 
the estimated naturalised flow exceeded 95% of the time. 

When linked with flow-environmental relationships, the model also produces the following information in 
relation to impacts on freshwater environments:  

• Maps of estimated change in wetted width to demonstrate how wetted area of aquatic habitat is 
influenced by water abstraction. 

• Maps of estimated change in availability of suitable physical habitat for various fish species. 
 

5 CONCLUSION 

Work towards a nationwide pressure-state-impact model for freshwater flows was conducted. A data schema 
provided the ability to create a national database containing information describing how water is allocated and 
how much water is consented to be taken across New Zealand.  

The model was used to calculate maps and time-series of accumulated consented takes, restricted takes and 
recorded takes down the river network. This downstream accumulation allowed calculation of various states, 
including the downstream cumulative totals of recorded takes or consented takes, and the proportion of 
consented water that is being recorded. 

A national rainfall-runoff model was used to estimate naturalised flows. Both cumulative recorded and 
consented takes were compared with estimated naturalised flows to estimate flows that would have occurred in 
each reach on each day under recorded and potential abstractions. This allowed calculation of estimated river 
flow states across broad regions on a daily basis. Future work will incorporate improvements in calculating 
stream depletion from groundwater, naturalized flow modelling and use flow-environmental relationships to 
convert estimated flow states to estimated potential environmental impacts.  
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