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CALIBRATION OF HYDROLOGICAL MODEL IN DATA-SCARCE REGION 
USING RATING CURVES BASED ON SPATIAL PROXIMITY APPROACH
1Bakimchandra Oinam, 1Vicky Anand, 2Shailesh Kumar Singh 
1Department of Civil Engineering, National Institute of Technology Manipur, Imphal, India
2National Institute of Water and Atmospheric Research, Christchurch, New Zealand

Aims
Hydrological modelling in an ungauged basin has been critical for the hydrologists due to a lack in the quantity 
and quality of data. Several studies have been done to estimate the discharge of an ungauged river basin solely 
with remote sensing datasets. Remote sensing offers extensive coverage of water bodies like rivers, lakes 
and ponds. In the recent past, several research studies have indicated the advantages of remote sensing in 
terms of its extensive monitoring period and spatial coverage. Both edges have increased attention in deriving 
streamflow approximation from remote sensing (Huang et al. 2020; Sichangi et al. 2016). However, remote 
sensing datasets have limitation while estimating the discharge of medium to small size stream due to its spatial 
resolutions. This study presents rating curves-based spatial proximity approach to estimate the river discharge 
to calibrate a hydrological model in data sparse region. The overriding objective of this study is to calibrate 
and validate a hydrological model based on a limited amount of in-situ measured and remote sensing satellite 
datasets using stage-discharge curves. To demonstrate the methodology, we employed widely used Soil and 
Water Assessment Tool (SWAT) hydrological model in Manipur River Basin.

Method
The SWAT model was set-up for the Manipur River basin (India) using Land Use Land Cover (LULC) data, a 
Digital Elevation Model (DEM), meteorological data and soil data as input variables. The soil data, DEM and the 
meteorological data were obtained from National Bureau of Soil Survey and Land Use Planning (NBSS & LUP), 
ALOS PALSAR and Directorate of Environment (GoM). The LULC of the region was prepared based on Landsat-8 
satellite imagery. 
SWAT works on a three-phase system in which the basin is divided into sub-basins and sub-basins into their 
smallest units, known as Hydrological Response Units (HRUs) (Arnold et al. 2005). A detailed description of SWAT 
is given in the manual (Arnold et al. 2005). SWAT is based on the water balance equation (Arnold et al. 2005).

Where, SWt is the quantity of water content in the soil after t days (mm); SW0 is the initial quantity of water 
content in the soil on jthday (mm); Pday is the quantity of precipitation on jth day (mm); Qgw is the quantity of return 
flow on jth day; Ea is the quantity of evapotranspiration on jth day (mm); Qsur is the quantity of surface runoff on jth 

day (mm); Wsep is the quantity of percolation going into the vadose zone on jth day, and t is the amount of time in 
days.
In this study, sensitivity analysis and calibration were carried out in the Soil and Water Assessment Tool-
Calibration and Uncertainty Programming (SWAT-CUP). SUFI-2 was applied to carryout calibration and validation 
of the model as Sequential Uncertainty Fitting (SUFI-2) is the only algorithm in SWAT-CUP which is global. 
Sampling methods applied to carryout sensitivity analysis were One-factor-At-a-Time (OAT) and Latin Hypercube 
(LH) (Abbaspour 2015). The Kling-Gupta efficiency (Gupta et al. 2009) and the R² coefficient of determination 
were used to evaluate the SWAT model performance during the calibration and validation.

Results
Due to the lack of direct streamflow data in the catchment, rating curves were generated based on the stage-
discharge data collected during the hydrographic survey carried out by the Loktak Development Authority 
(LDA) at Arong, which is approximately 6 kilometers upstream from the outlet point. The stage-discharge data 
collected from the LDA was gauged three times a day at an interval of four hours between 2000-2002. Based on 
stage-discharge data two separate rating curves were generated for the dry and the wet season. The coefficient 
of determination (R2) values of the rating curves was found to be 0.793 and 0.918 during the wet and the dry 
seasons, respectively. Later the observed discharge at the outlet point was generated using the spatial proximity 
approach based on the stage data obtained from the National Hydroelectric Power Corporation (NHPC) Power 
Station Loktak Project and the generated rating curve at Arong, which is six kilometers upstream of the outlet 
point. 

Model calibration was carried out between the years 2009-2015, and the validation was carried out between 
the years 2016-2018 on a monthly time scale, whereas the year 2008 was used as the warm-up period for the 
model. Good agreement was detected between the simulated and observed streamflow at monthly time steps 
with R2 = 0.81, KGE = 0.77 during the calibration and R2 = 0.73, KGE = 0.70 during the validation period. Due 
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to the spatial proximity approach, the peak value was not simulated well during the monsoon season. The 
calibration and validation results can be seen in Figure 1. R-factor was found to be on the lower side, with its 
value around 0.1 indicating the lower model uncertaint, but the P-factor value ranging around 0.5 indicates the 
errors are marginally not bracketed by the 95 PPU. Overall indices signify the good performance of the model.

                                                                     (b)
Figure 1: (a) Calibration, (b) Validation of model
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Arnold, J.G., and N. Fohrer. 2005. SWAT-2000: Current capabilities and research opportunities in applied watershed modeling. 
Hydrological Processes, 19(3): 563–572.

Abbaspour, K.C. 2015. “SWAT-CUP: SWAT calibration and uncertainty programs – A user manual.” Swiss Federal Institute of Aquatic 
Science and Technology, 100p.

Gupta, H.V., Kling, H., Yilmaz, K.K., and Martinez, G.F. 2009. Decomposition of the mean squared error and NSE performance criteria: 
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SENSITIVITY OF SOUTHERN OCEAN AEROSOLS TO OCEAN 
CHLOROPHYLL
Bhatti, Y.A.,1 Revell, L.E.,1 McDonald A.J.,1,2 Williams, J.,3 Schuddeboom, A1 and E. Behrens3

1 School of Physical and Chemical Sciences, University of Canterbury, Christchurch, New Zealand 
2 Gateway Antarctica, University of Canterbury, Christchurch, New Zealand 
3 National Institute of Water and Atmospheric Research, NIWA, New Zealand

Aims
The Southern Ocean is extremely complex and dynamic. The processes in the Southern Ocean are highly 
dependent on physical (e.g. sunlight), chemical (e.g. nutrient) and biological (e.g. phytoplankton) constraints. 
The widely accepted view of the Southern Ocean atmosphere as pristine has been questioned via large 
stratospheric ozone depletion influences (Bhatti et al., 2022), with model evaluations on this region affected 
by high uncertainty and sparse observations (e.g. Revell et al., 2019). We aim to assess how Southern Ocean 
aerosols change when the underlying biological constraints in the ocean vary with time and space and a more 
comprehensive chemistry scheme is used. 

Method
Using a nudged configuration of the atmosphere-only global climate model, HadGEM3-GA7.1, we performed 
four 10-year simulations from 2009 – 2018. One simulation contains oceanic dimethyl sulfide (DMS) climatology 
from the UKESM1 (Yool et al., 2021); another contains a seawater DMS climatology compiled from observations 
(Lana et al., (2011). To test the influence of using a realistic nutrient field on simulated atmospheric DMS, one 
simulation contains 10 years of oceanic DMS derived from the satellite instrument MODIS-aqua, chlorophyll-a, 
UKESM1 (UK Earth System Model) nutrients and UKESM1 shortwave radiation (calculated as in Anderson et al., 
2001). Finally, we implemented an atmospheric DMS chemistry scheme previously tested in the model by Revell 
et al. (2019), to evaluate Southern Ocean aerosols when a realistic biological field and complex DMS oxidation 
scheme were included. 

Results
Initial model validation indicates that heterogenous chlorophyll-derived DMS coupled with additional 
comprehensive DMS oxidation reactions pushes the simulation of Southern Ocean aerosols closer to real-world 
aerosol conditions. Bias in atmospheric DMS is high in the Southern Ocean, as concentrations lack temporal and 
spatial variability. We attempt to mitigate this bias through the implementation of a changeable ocean across 
each month and year of the simulation. The seasonal bias in atmospheric DMS reduces, with closer austral 
winter and summer values to observational stations and voyages, including the model standard deviation 
more closely aligning with observational values of atmospheric DMS. We compare oxidation products of DMS, 
through to aerosol optical depth and cloud droplet number concentration with real-world observations and 
provide suggestions on improving the representation of the Southern Ocean in Earth System Models, such as 
the UKESM1. For example, implementing heterogenous chlorophyll observations in the UKESM1 (through time 
and space) may be the link towards simulating a more realistic atmosphere with enhanced variability and better 
seasonal performance.

References
Revell, L. E., Kremser, S., Hartery, S., Harvey, M., Mulcahy, J. P., Williams, J., Bird, L. (2019). The sensitivity of Southern Ocean aerosols 
and cloud microphysics to sea spray and sulfate aerosol production in the HadGEM3-GA7. 1 chemistry–climate model. Atmospheric 
Chemistry and Physics, 19 (24), 15447-15466.

Bhatti, Y. A., Revell, L. E. and McDonald. A.J. (2022) Influences of Antarctic ozone depletion on Southern Ocean aerosols. In review

Lana, A., Bell, T. G., Simó, R., Vallina, S. M., Ballabrera-Poy, J., Kettle, A. J., Dachs, J., Bopp, L., Saltzman, E. S., Stefels, J., Johnson, J. 
E., and Liss, P. S. (2011) An updated climatology of surface dimethlysulfide concentrations and emission fluxes in the global ocean, 
Global Biogeochem. Cy., 25, GB1004.

Yool, A., Palmiéri, J., Jones, C. G., de Mora, L., Kuhlbrodt, T., Popova, E. E., et al. (2021). Evaluating the physical and biogeochemical 
state of the global ocean component of UKESM1 in CMIP6 historical simulations. Geosci. Model Dev. 14, 3437–3472. doi: 10.5194/
gmd-14-3437-2021 
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DATA ANALYSIS AND MODELLING FOR COASTAL GROUNDWATER 
HAZARD ASSESSMENT UNDER SEA-LEVEL RISE
Amandine Bosserelle,1 Leanne Morgan,2 Matthew Hughes1

1 Department of Civil and Natural Resources Engineering, Faculty of Engineering, University of Canterbury 
2 Waterways Centre for Freshwater Management, School of Earth and Environment, University of Canterbury

Aims
Rising sea levels will lead to groundwater levels also rising, sometimes exposing coastal cities and settlements 
to new hazards such as groundwater flooding (Bosserelle et al., 2022). Additionally, rising groundwater levels 
can impact infrastructure in coastal cities through cascading effects due to the failure or disruption of key 
services and network: drainage issues, sanitation, infiltration and flooding. To protect coastal settlements from 
these emerging concerns and maintain urban resilience, hazard assessments will need to include shallow 
groundwater and address complex surface and underground processes caused by sea-level rise. In order for 
this to be possible, shallow groundwater areas will need to be identified, appropriate monitoring networks 
established and groundwater rise estimated. Additionally, it is critical to understand the spatial distribution 
of depth to groundwater and of water table variability due to rainfall events, distance to rivers, the ocean and 
ground conditions, along with anthropogenic drivers. The overall aim of this research is to develop data analysis 
and modelling approaches to enable prediction of where and how sea-level rise-induced groundwater dynamics 
will impact subsurface infrastructure, and how best to manage this risk to the built environment.

Method
The dataset from the Christchurch City shallow groundwater monitoring network is used to derive the recent 
median depth to groundwater and model the rise under sea-level. The analytical solution of Strack (1976, 
1989) provides an equation for hydraulic head as a function of distance from the coast in an unconfined 
homogeneous isotropic coastal aquifer, in addition of the steady-state sharp interface (Morgan et al., 2013). 
The water table rise is defined as the SLR-induced change in water table height (Δh) relative to the base of the 
aquifer and sea-level rise (Δz) (Morgan & Werner, 2016). 

Results
A shallow water table is present over a large area of Christchurch City. For Δz of 0.2 m, Δh varies from 0.2 m at 
the coast and decreases with a distance away from the surface water bodies under sea-level rise. The major 
concern is the overlap between the water table rise from sea-level rise and the areas where the water table is 
within the first metre below the land surface (estuary spit, New Brighton, Bromley, Woolston, Opawa and along 
the Avon River).

References
Bosserelle, A.L., Morgan, L.K. and Hughes, M.W., 2022. Groundwater Rise and Associated Flooding in Coastal Settlements Due To Sea-
Level Rise: A Review of Processes and Methods. Earth’s Future, 10(7), p.e2021EF002580.

Morgan, L.K. and Werner, A.D., 2016. Comment on “Closed-form analytical solutions for assessing the consequences of sea-level 
rise on groundwater resources in sloping coastal aquifers”: paper published in Hydrogeology Journal (2015) 23: 1399–1413, by R. 
Chesnaux. Hydrogeology Journal, 24(5), pp.1325-1328. 

Morgan, L.K., Werner, A.D., Morris, M.J. and Teubner, M.D., 2013. Application of a rapid-assessment method for seawater intrusion 
vulnerability: Willunga Basin, South Australia. In Groundwater in the coastal zones of Asia-Pacific (pp. 205-225). Springer, Dordrecht.
Strack, O.D.L., 1976. A single-potential solution for regional interface problems in coastal aquifers. Water Resources Research, 12(6), 
pp.1165-1174. 

Strack, O.D., 1989. Groundwater mechanics. Englewood Cliffs, New Jersey: Prentice Hall.
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THE INFLUENCE OF ATMOSPHERIC RIVERS ON FOG DEPOSITION AT 
SWAMPY SUMMIT, DUNEDIN 
Lucy Brown,1 Daniel Kingston1

1Department of Civil and Natural Resources Engineering, Faculty of Engineering, University of Canterbury

Aims
Atmospheric rivers (ARs) are increasingly understood as a cause of the majority of extreme precipitation 
events across New Zealand. Dunedin is no exception to this, with ARs coming from both northwesterly and 
northeasterly directions resulting in some of the highest precipitation totals here. 

Recent work (Brown & Kingston 2021) has shown that at the peak of Swampy Summit, Dunedin (739m asl) fog 
deposition can be more important than rainfall as a source of water. Some fog events result in substantial inputs 
of water, with one event in December 2018 depositing 429 mm over the course of 128 hours. Bearing in mind 
the substantial nature of this event, we ask the question here whether atmospheric rivers are also connected to 
extreme fog deposition events.

Method
Over a study period of 405 days across 2018-2020, hydrological inputs via fog deposition and rain were 
recorded. Two passive harp-style fog collectors connected to tipping bucket rain gauges were installed at 
Swampy Summit, in addition to an adjacent tipping bucket rain gauge to collect rainfall (following the method of 
Mager et al. 2016). 

Vertically integrated water vapour transport (IVT) and geopotential height data from the ERA-5 Reanalysis were 
used to determine the general atmospheric circulation and moisture transport conditions associated with the 
largest fog deposition events at Swampy Summit. Fog events at Swampy Summit are mostly associated with 
either a northeasterly or southwesterly wind direction, so the top 10 events under both wind directions were 
selected for analysis. Atmospheric rivers were initially identified as areas with IVT>250 kg m-1 s-1 and meeting the 
approximate dimensions of length > 2000 km and a length:width ratio >2. Subsequently the Guan et al. (2018) 
update of the Guan and Waliser (2015) AR detection method was also applied.  

Results
The top 10 northeasterly fog events at Swampy Summit ranged from 429 mm over 128 hours, to 24 mm over 
13.25 hours. The top 10 southwesterly fog events ranged from  37.6 mm over 11.75 hours, to 3.9 mm over 
10.5 hours. Four of the top 10 northeasterly fog events and four of the top 10 southwesterly fog events are 
associated with ARs either over or near to Swampy Summit (Fig 1). For largest event, IVT peak value ranged from 
600-699 kg m-1 s-1; these were recognised as corresponding to an AR by the Guan et al. (2018) method. IVT 
values over the grid cell corresponding to Swampy Summit were lower, approximately at the threshold for AR 
detection (200-299 kg m-1 s-1). For the other northeasterly/southwesterly events fog events that corresponded 
with AR-type activity, IVT values over/nearby ranged from 200 to 499 kg m-1 s-1, again with Swampy Summit 
generally on the periphery of the elevated IVT levels and AR outline defined by the Guan et al. (2018) method.

Accordingly, ARs appear to be present but not necessarily directly over Dunedin during large fog deposition 
events. This may explain why negligible rainfall amounts are recorded: the atmosphere is sufficiently humid on 
the AR periphery for orographic ascent over Swampy Summit to result in condensation and cloud/fog formation 
(and thus fog deposition), but not rainfall. Thus ARs appear to be more important for local hydrology in addition 
to the more commonly understood/obvious connection to rainfall.
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Figure 1: Integrated water vapour transport (IVT) (kg m-1 s-1)  and 1000 hPa geopotential height associated with a.) NE fog events, and b.) 
SW fog events  

a: NE fog events  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b: SW fog events  

Figure 1: Integrated water vapour transport (IVT) (kg m-1 s-1)  and 1000 hPa geopotential height associated with a.) NE 
fog events, and b.) SW fog events
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USING NOBLE GAS (NE, AR) CONCENTRATIONS TO EVALUATE 
DENITRIFICATION CAPACITY OF NEW ZEALAND GROUNDWATER
Coble M.A.,1 Curtis, J.,1 Rogers K.M.,1 Christenson, B.,1 Morgenstern, U.1

1 GNS Science

Aims
Elevated nitrate (NO3) is one of the most prevalent contaminants in New Zealand drinking water. Groundwaters 
with anaerobic redox conditions naturally attenuate nitrate through a biogeochemical process called 
denitrification, converting NO3 into excess N2 gas. Understanding the extent and efficiency of intrinsic 
denitrification on local and regional scales is critical for improving management of nitrogen loads through New 
Zealand’s aquifers and maintaining quality of groundwaters and connected surface waters. 

The only way to directly quantify the amount of denitrification that has occurred in an aquifer at a sampled 
discharge site (e.g., spring, well, seepage) is through measurements of dissolved nitrogen gas and atmospheric 
noble gas concentrations. By measuring Neon (Ne) and Argon (Ar) concentrations from groundwater samples, 
aquifer recharge temperature and the amount of atmospheric gas (e.g., excess air) can be directly calculated. 
Thus, with knowledge of the total N2 concentration in a groundwater sample and the proportion of that 
N2 derived from the atmosphere calculated from the Ne and Ar measurements, the amount of N2 excess 
from denitrification reactions can be quantified. These results allow us to quantify the extent of naturally 
occurring denitrification in groundwater aquifers. When combined with groundwater chemistry and age-tracer 
information (e.g., tritium, SF6, CFCs), these results can be implemented into regional groundwater models and 
improve our understanding of the impacts of land-use effects on drinking water quality and lead to better 
freshwater management.

Method
Measurement of Ne and Ar in groundwater have been under development in the Water Dating Laboratory at 
GNS since 2017. In this study, we present results from three measurement approaches: [1] measurements of 
N2, Ne and Ar concentrations using a LDetek® plasma emission detector on a gas chromatograph (GC), [2] 
measurements of Ne, Ar, Kr and Xe concentrations by gas chromatography-mass spectrometry (GC-MS), and [3] 
measurements of all noble gas (He, Ne, Ar, Kr and Xe) concentrations and isotopic ratios using a gas purification 
line and quadrupole mass spectrometer. Methods 2 and 3 require separate analysis of N2 using conventional 
purge and trap extraction followed by measurement on a GC.

Measurements of air were used as the primary reference standard, and N2, Ne and Ar concentrations were 
also measured in air-equilibrated water samples of known temperature to test the accuracy of the approach. 
Groundwater samples from Hutt Valley and Wairarapa were collected in triplicate in February and March 2021. 
They were analysed using the three different methods outlined above to compare accuracy and precision. 
Samples were collected in pre-evacuated 500 ml glass giggenbach bottles which were partially filled leaving a 
3-10% headspace. The headspace gas was measured using GC following methods by Martindale et al. (2019). 
Groundwater was also collected in cold-sealed copper tubes and analysed by quadrupole mass spectrometry at 
the CSIRO Noble Gas Facilities at Waite Campus, South Australia (Suckow et al., 2019).

Results and Future Development
Measurements at GNS are currently underway; initial results show the LDetek® plasma emission detector to 
be a relatively inexpensive system that provides good sensitivity for Ne and resolution from nearby peaks. 
The Ne intensity yields a linear response with increasing pressure and is reproducible to better than 1% over 
12-72 hour time periods. Measurements of air-equilibrated water are also reproducible to 1.8% (1σ SD). The 
intercomparison tests for Hutt Valley and Wairarapa groundwater samples measured using [1] the LDetek® 
plasma emission detector on a GC, [2] the GC-MS, and [3] the quadrupole mass spectrometer at CSIRO are 
currently in progress.

To further enhance capability at GNS to measure noble gas concentrations and isotopic ratios from New 
Zealand groundwater sample, a newly commissioned quadrupole mass spectrometer and automated gas 
purification line is under construction and is expected to be operational in 2023. In combination with existing 
capability of measuring nitrogen and noble gases by GC, the investment into a new the quadrupole mass 
spectrometry system will enable quantification of recharge conditions and denitrification of New Zealand 
groundwater at a precision not previously available. We will present the new capabilities of this instrument and 
provide an update on its installation.
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APPLYING THE ECMWF EXTREME FORECAST INDEX FOR WATER 
VAPOUR TRANSPORT IN NEW ZEALAND
Cooper, L.M.,1 Kingston, D.G.,1 Lavers, D.A.2, Hannah, D.M.3

1 School of Geography, University of Otago 
2 European Centre for Medium-Range Weather Forecasts, Reading, UK. 
3 School of Geography, Earth and Environmental Sciences, University of Birmingham, UK.

Aims
Precipitation is a fundamental element of New Zealand’s climate, but in extreme cases can become a risk to 
human activities, as seen on several occasions through the winter of 2022.  A number of recent studies have 
demonstrated that many extreme precipitation events in New Zealand are associated with the occurrence of 
atmospheric rivers (ARs), transient filaments of extremely high vertically integrated water vapour transport (IVT) 
in the atmosphere (e.g. Prince et al. 2021). The ability to provide advance warning of these sorts of extreme 
events is critical for preparation to minimise adverse impacts associated with these events. Previous research 
based in the northern hemisphere, based on the European Centre for Medium-Range Weather Forecasts 
(ECMWF) Extreme Forecast Index (EFI), has shown that in some circumstances the IVT EFI can better forecast 
extreme precipitation at two-week lead times compared to the precipitation-based EFI (Lavers et al. 2016). The 
EFI is based on the difference between model climate (generated by re-forecasts) and an ensemble of forecasts. 
The difference between the forecasts’ probability distribution and that of the model climate reveals the 
extremeness of a forecast (Lavers et al. 2016).

Here we explore the performance of the IVT vs. precipitation-based EFI for extreme precipitation events in New 
Zealand, with a specific focus on the AR-driven floods that occurred in the Canterbury and Buller regions during 
winter 2021.

Method
The analysis period covers the Canterbury and Buller floods that occurred in May and July 2021 (respectively). 
These case studies were chosen as examples of major recent floods, and also due to the different weather 
patterns associated with each: an AR that made landfall on the east coast for the Canterbury event, and the west 
coast for the Buller flood.

Station-based precipitation data for these events were obtained from the New Zealand National Climate 
Database to confirm the exact timing of the events. ERA-5 data for atmospheric water vapour flux and 
geopotential height were used to characterise the moisture transport and general atmospheric conditions 
associated with each event. EFI data were provided by ECMWF.

Results
Initial results clearly show the presence of extremely high, water vapour transport over the Canterbury and 
Buller regions during their respective flood events. These correspond to the typical characteristics of AR events. 
Furthermore, differences in the IVT vs. precipitation EFI values at the 30/05/21 time horizon (seen in the figures 
on the next page) for the Canterbury Event indicate substantial differences in EFI performance for longer-range 
forecasts. As such, these results suggest that further study of these two EFI products may be an important 
direction for future work on improving the warning of damaging precipitation events.
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Figure 1 (above):  

7-Day IVT-EFI forecast for the date 30th May 2021, plotted using data accessed from the ECMWF. 

 
Figure 2 (above): 

7-Day Precipitation-EFI forecast for the date 30th May 2021, plotted using data accessed from the ECMWF. 
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RECONSTRUCTING THE PAST: A REVIEW OF HINDCASTING METHODS 
AND THEIR APPLICATION TO GROUNDWATER MODELLING 
Forstner, T.A.,1 Morgan, L.K.,1 Moore, C.2

1 Waterways Centre for Freshwater Management, University of Canterbury | Te Whare Wānanga o Waitaha 
2 GNS Science | Te Pū Ao

Aims
Our understanding of hydrological conditions exists mainly within the era of modern measurement, with most 
groundwater data generally recorded within the last 50 years. The scarcity of data on historical conditions limits 
our understanding of hydrological regimes prior to this period, particularly in highly developed catchments. 
In the advent of increasingly degraded landscapes, illuminating past hydrological conditions may provide new 
insights for managing water resources in the future (Bradley, 2014; Ram et al., 2022).

Although there are many purposes for modelling historical conditions, one important topical issue is global 
restoration initiatives, such as the UN Decade on Ecosystem Restoration (see https://www.decadeonrestoration.
org), which aim to “halt, prevent, and reverse ecosystem degradation” globally. A key consideration in restorative 
action is the historic state to which restoration targets are set (Jackson & Hobbs, 2009). Although principles for 
specific restorative activities have been explored for many terrestrial (Abhilash, 2021; Dudley et al., 2020) and 
marine (Waltham et al., 2020) systems, there are few studies which have explored the freshwater perspective 
(Cooke et al., 2022) and even fewer which explicitly consider the role of groundwater (Gleeson et al., 2012).

Another important historical perspective includes the current trajectories of groundwater system degradation 
(ie. groundwater depletion) which to date have been limited to relatively modern trends (<100 years) (Konikow 
& Kendy, 2005; Wada, 2016). Many of these depletion calculations assume baseline conditions near the advent 
of groundwater monitoring periods (Bierkens & Wada, 2019), however, this adds an inextricable bias to these 
trends which excludes early European settlement land modifications (ie. irrigation drains, river diversions) which 
may have had permanent effects on the hydrological regime. Understanding the state of the environment prior 
to the era of modern measurement is critical in achieving collaborative environmental outcomes through the 
perspective of marginalized groups who may have unique relationships with the environment (Jackson, 2017; Te 
Aho, 2019).

Our research aims to review previous methods and applications of hindcasting – the method of modelling 
past conditions. By exploring current literature on modelling past conditions of groundwater systems, we will 
discuss the unique challenges and opportunities of hindcasting for future research and implications for water 
management targets.

Method
We perform a literature review of studies which apply methods of hindcasting groundwater systems either in 
part (ie. recharge, water levels) or holistically (ie. catchment scale flow dynamics). In the literature, we identify 
key themes, classify broad methodologies, and discuss unique challenges and opportunities of modelling past 
groundwater systems.

Examples have been pulled from the literature to highlight the applicability and uncertainty of groundwater 
modelling strategies using data-driven approaches and process-based models in terms of spatial and temporal 
scale considerations when hindcasting.

Results
Our research highlights that hindcast modelling approaches are mainly constrained by proxy data, periods of 
influence (ie. pre-Holocene, Holocene, Anthropocene), and spatial and temporal limitations. We also identify 
opportunities in applications of hindcast models which could have implications for future water management 
strategies.
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PREDICTING AQUATIC ECOSYSTEM RESILIENCE THROUGH MULTISCALE 
AND INTEGRATIVE SCIENCE
Friedel, M.J.,1,2 

1 Otago Regional Council, Dunedin 
2 University of Colorado, Denver, USA

Aims
The aim of this study is to understand the role of land-use and climate-change pressures as disruptors to 
freshwater ecosystem resilience. The motivation is that ecosystem resilience effects ecosystem services, and 
ecosystem services effects resource benefits to humans. Some ecosystem services include regulation, (e.g., 
water, climate, hazard), provisioning (e.g., freshwater and energy), cultural (e.g., recreation & ecotourism), and 
supporting (e.g., nutrient cycling and primary production). Some resource benefits affected by ecosystems 
services include base flow, habitat, water quality, drought, floods, agriculture, and snowpack. Aquatic 
ecosystems are multimodal; that is, we observe multiple responses to interactions and feedbacks through mass 
and energy fluxes between various cycles, processes and spheres, e.g, anthrosphere, atmosphere, biosphere, 
hydrosphere, pedosphere and geosphere. Our objective is to develop and test a new approach for investigating 
aquatic ecosystem resilience under spatiotemporal and scale-dependent land-use and climate change. The 
hypothesis is that a catchment response arises in response to natural and anthropogenic pressures reflected in 
mutual information shared among biological, chemical, and physical measurements. 

Method
A multimodal machine learning (MML) approach is proposed to assimilate, discover, and predict and cluster 
linkages among climate, hydrologic and biogeochemical signals. This workflow translates disparate, spatially 
limited, scale-dependent features into a related, spatially continuous set of features. A key difference in this 
workflow is the assimilation of information in features using a competitive learning algorithm that maps them 
onto a self-organized embedding surface. Features that are closer together have information content that is 
more related than features farther apart. 

Results
The first case study involves alternative habitat modeling across the 28,000 km2 Upper Illinois River Basin 
(UIRB; Adolphson et al., 2001). Over several decades, this basin experienced conversion of agricultural to urban 
land and recurrent climate change events associated with the El Niño Southern Oscillation that threaten the 
sustainability of this freshwater ecosystem. The objective is to quantify effects of climate and land-use change 
on aquatic biological response metrics: fish index biotic integrity (AIBI), macroinvertebrate biotic index (MBI), and 
periphyton index of biotic integrity (PIBI).
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Using the trained MML model, the statistical significance of fish, macroinvertebrates, and periphyton is 
evaluated with respect to their sensitivity to La Nina, Normal, and El Nino episodes. In the UIRB, fish appear 
sensitive to all climate episodes of the El Nino Southern Oscillation. Periphyton have a similar response, whereas 
macroinvertebrates appear sensitive to Normal an El Nino climatic events. The La Nina episode is associated 
with a tendency to enhance water quality, whereas the El Nino episode is associated with a tendency to degrade 
water quality. The various urbanization metrics tested against the fish metric reveal a nonlinear decline from 
good to poor water-quality as the population density increases. The population density appears to be a sensitive 
metric for fish, macroinvertebrates and periphyton. The other agricultural land-use and urban land-use metrics 
are not statistically sensitive indicators for all three aquatic biological metrics suggesting that a population 
density is preferred when comparing among the different aquatic biological response indicators. 

The MML framework permits simultaneous predictions all model features. Results are presented for number of 
insects (Drunella), community abundance, richness, water toxicity, and sediment toxicity. Except for community 
abundance and richness, which reveal a bias at the smallest values, the plots reveal good correspondence 
between predicted and observed features. Given that the MML model incorporates sub-catchments on the 
embedding surface, we evaluate aquatic biology as a function of year and climate episode for the Little Calumet 
Subbasin. The example plots fish (integrity of biotic index) and algae (ash free dry mass) metrics as function of 
year to which quantile regression models are fit for 0.05, 0.1, 0.2, … 0.9, 0.95.  From these figures, the la Nina 
appears to enhance water quality and therefore ecosystem resilience (increasing fish metric) whereas the El 
Nino tends to degrade the water quality and therefore ecosystem resilience (decreasing fish metric). 

The second case study of ecosystem resilience involves habitat modeling across the 53,800 km2 Central Colorado 
Assessment Project (CCAP; Klein et al., 2008) region. This region has some of the most important metalliferous 
deposits in the world. Over the past two centuries, the results of mining these deposits collectively threaten the 
sustainability of this freshwater ecosystem. The objective is to quantify the effects of land-use change on water 
chemistry, sediment chemistry, and aquatic biology. 

Habitat sampling resulted in 71 features at 337 sub-catchments of 1st to 3rd order streams. Categories include 
geology, sediment chemistry, water chemistry, field parameters, toxicity, risk quotients, taxa total, community 
abundance, dominance, richness and tolerance metrics. These sub-catchments comprise different percentages 
of hydrothermally altered geologic deposits (e.g., Acid sulfate, Propylitic, Quartz-sericite-pyrite, Weak sericite-
pyrite assemblage) and presence or absence of mining activity (unaltered and unmined, geologically altered and 
unmined, and geologically altered and mined).

A learn heuristics approach is adopted to reduce model dimensionality from the 71 features to 21 suboptimal 
and 15 optimal features. The effectiveness of this approach is demonstrated by performing binary (present 
or absent) ecosystem predictions at 45 independent sites for hydrothermally unaltered and unmined, 
hydrothermally altered and unmined, and hydrothermally altered and mined conditions. Results reveal that 
the suboptimal 21 feature ecosystem model depicts a slight bias whereas the optimal 15 feature ecosystem 
model is unbiased. Using the 15-feature ecosystem model, we prediction the count of Arctopsyche (genus of net 
spinning caddisflies) and count of total taxon at the same independent catchment locations. The observational 
count of Arctopsyche (caddisfly) appear are plotted along with the predicted minimum (indicated by the red 
line), 50th percentile (indicated by the green line) and maximum (indicated by the blue line) count providing 
the range of prediction uncertainty. The observed to median prediction of total macroinvertebrate taxon count 
appears unbiased over two orders of magnitude. 

In summary, investigating ecosystem patterns are typically confounded by the superposition of natural 
and human pressures, spatiotemporal and scale-dependent environmental gradients, and process 
complexity including coupled, nonlinear, reactivity.  Despite these challenges, the proposed MML modeling 
approach reveals that is possible to identify climate change and land use signals and their effects on fish, 
macroinvertebrates and periphyton among confounding pressures.
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SHALLOW WATER BATHYMETRY FROM HYPERSPECTRAL AND 
MULTISPECTRAL IMAGERY
Halla, J.,1 Biggs, H.2
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2 NIWA, Christchurch, New Zealand

Aims
Coastal shallow water bathymetry is needed for a wide range of civilian and military applications, such as 
Humanitarian Assistance and Disaster Relief (HADR), determination of adequate approach lanes for beach 
landings, or the generation of nautical bathymetric charts. Traditional bathymetric surveying methods typically 
require in situ sonar measurements from a vessel. These methods have limited spatial coverage, can struggle 
to measure up to the shoreline, and are time consuming. They are also unsuitable for rapid estimation of 
bathymetry changes following natural disasters, where it may be necessary to assess corridors of safe passage 
(or landing zones) for vessels. To address these issues, remote sensing techniques are needed to rapidly assess 
shallow water bathymetry.

Method
For relatively clear and shallow water, bathymetric LiDAR (i.e. green LiDAR) can be used, however this requires 
specialist equipment, data processing, and overflights, which are not possible in many remote locations. Another 
method for remote sensing bathymetry is from spectral information (e.g. Polcyn et al., 1970; Lyzenga, 1978). 
These methods generally cover two key physical processes: (1) Scattering of light throughout the water column, 
which changes the detected ‘colour’ of the water as a function of depth; (2) Attenuation/absorption of red to 
near-infrared wavelengths as a function of depth. Methods involving process (1) primarily focus on light in the 
visible part of the spectrum that is not significantly attenuated by depth (i.e. blue to green/yellow wavelengths), 
whereas process (2) 

Bathymetry estimation from water colour and spectral attenuation has been an active area of research for 
a long time and has seen widespread application globally, covering diverse environments from oceans to 
rivers. These methods are useful for relatively clear and shallow water (Legleiter & Fosness, 2019), but are 
limited by turbidity, where the signal becomes saturated beyond a certain depth. There can also be issues 
with heterogenous bed cover (e.g. sediment lithology, spatial distributions of different sediment size fractions, 
and macroalgae cover) which can complicate classifications if they have different reflectance characteristics 
(Winterbottom & Gilvear, 1997).

The increasing availability of multispectral satellite data at medium resolution (i.e. Sentinel-2A) and high 
resolution (i.e. Worldview-3) are opening up exciting prospects for remote sensing of coastal bathymetry at large 
spatial scales. The recent release of the Optical River Bathymetry Toolkit (Legleiter, 2021) has also provided a 
convenient way to use multispectral data for bathymetry estimation.

Results
This poster presents preliminary results for shallow water bathymetry estimation from hyperspectral and 
multispectral aerial imagery. It then examines the potential and challenges of increasing the spatial coverage of 
shallow water bathymetric mapping through the use of multispectral satellite imagery.
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UNDERSTANDING THE EFFECT OF ATMOSPHERIC RIVERS ON EXTREME 
PRECIPITATION IN NEW ZEALAND AND BEYOND
Bala Murali, N.K., Kingston, D.G., Mager, S.M.
1 School of Geography, University of Otago

Background and Aims
Atmospheric rivers (ARs) are long, narrow, meandering, and transient plumes of water vapour in the lower 
atmosphere that can form part of the warm conveyor belt ahead of a cold front in mid-latitude cyclonic 
systems (Gimeno et.al., 2014).There are around 3 - 5 ARs in each hemisphere at any time, covering 10% of total 
hemispheric circumference. They play a key role of being an agent of water resources through heavy rainfall 
and catastrophic flooding, especially in the coastal regions of the extra-tropics (Ralph et.al., 2012). The aim of 
this study is to understand the effect of ARs on extreme preciptation in New Zealand and other parts of the 
Southern Hemisphere.

Method
Seven stations between 20°S and 60°S, of which three from mainland New Zealand alone, were selected to 
better understand the relationship between ARs and extreme precipitation days. These comprise Auckland, 
Christchurch, Milford Sound, Cape Town (South Africa), Perth (Australia), Santiago (Chile) and Chatham Islands 
(Pacific Ocean).Top ten rainfall days for the locations over the last 25 years (1995-2019) were computed using 
Global Precipitation Climatology Centre (GPCC) dataset (GPCC Full Data Daily Version 2022). This dataset is built 
upon historic records from rain guages at a spatial resolution of 1.0°x 1.0° and includes precipitation totals 
based on data from national meteorological and hydrological services as well as WMO GTS – data, making the 
input data a globally consitent and hemispherically distributed one. AR activity in these regions were identified 
using the AR detection algorithm developed by Guan and Waliser (2019) on top ten precipitation days and 
preceding 24-hour period, along with vertically integrated water vapour transport (IVT) rates (from ERA5).

Results
Results from all the seven stations displayed the effect of ARs on extreme rainfall days. In the New Zealand, the 
greatest effect of ARs was seen in Auckland (36.85° S, 174.76° E) where the top 8 extreme rainfall days saw AR 
activity and higher IVT rates over the region. No AR activity was found on the ninth and tenth most rainy day. IVT 
Shape and AR outline for top four days are plotted below (Figure 1). 
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Figure 1: (Clockwise from Top Left) AR outline and IVT (isolines) on the top 4 precipitation days in Auckland.  
Figure 1: (Clockwise from Top Left) AR outline and IVT (isolines) on the top 4 precipitation days in Auckland. 



19

In the South Island, there was a moderation in the effect of ARs on extreme events. While, five of the top ten 
precipitation days in Christchurch (43.53° S, 172.63° E)  were associated with ARs and higher IVTs, only three 
extreme rain event days in Milford Sound (44.64° S, 167.89° E)  could be linked to ARs. Compared to Auckland, 
both Christchurch and Milford Sound experienced relatively lower IVTs on these days. Results from Chatham 
islands (43.92° S, 176.45° W) in the Pacific Ocean which roughly lies in the similar latitude of Christchurch 
showed that six out of ten extreme rain days were associated with ARs and high IVTs.  

 

Figure 2: (Clockwise from Top Left) AR signature on top 4 precipitation days in Perth, Australia 

 
Remarkably, all the top ten precipitation days in Perth (31.95° S, 115.86° E), Australia could be identified with 
ARs (Figure 2). Eight events in Santiago (33.44° S, 70.66° W) was also found to be associated with ARs and 
higher IVTs. Cape Town (South Africa) (33.92° S, 18.42° E) which lies on a similar latitude with Santiago had 
seven events associated with ARs. Further studies are required to understand the extent to which large-scale 
atmospheric circulation versus location -specific characteristics are responsible for these spatial differences 
in AR connection to extreme rainfall  
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islands (43.92° S, 176.45° W) in the Pacific Ocean which roughly lies in the similar latitude of Christchurch 
showed that six out of ten extreme rain days were associated with ARs and high IVTs. 

Remarkably, all the top ten precipitation days in Perth (31.95° S, 115.86° E), Australia could be identified with 
ARs (Figure 2). Eight events in Santiago (33.44° S, 70.66° W) was also found to be associated with ARs and higher 
IVTs. Cape Town (South Africa) (33.92° S, 18.42° E) which lies on a similar latitude with Santiago had seven events 
associated with ARs. Further studies are required to understand the extent to which large-scale atmospheric 
circulation versus location -specific characteristics are responsible for these spatial differences in AR connection 
to extreme rainfall
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COMPARING METEOROLOGICAL AND HYDROLOGICAL DROUGHT 
INDICES BETWEEN NEAR-NATURAL AND MODIFIED LOCATIONS IN THE 
ŌMAKŌ/LINDIS RIVER, CENTRAL OTAGO.
Lynds, Jamie,1 Kingston, Daniel,1

1 University of Otago – Te Iho Whenua/ School of Geography, University of Otago

Human activity can have substantial impacts on the hydrological cycle, including drought. Although drought 
has been traditionally considered a natural hazard, it is becoming increasingly aggrevated by human actions. 
However, determining the exact nature and magnitude of human influence can be challenging, in part 
due to a paucity of ‘natural’ baseline data against which to quantify modifications. In this context, using 
both meteorological and hydrological drought indices can be crucial. Meteoreological drought indices can 
demonstrate drought development as a result of meteorological occurrences (e.g. lack of precipitation), and 
is thus relatively free of direct human influence. Hydrological drought indices are typically derived using river 
flow data. As greater adverse impacts typically occur when drought has propagated from precipitation to river 
flow deficit, hydrological drought indices are therefore both potentially more useful, but also more complex to 
interpret bearing in mind the joint human plus natural impact on river flows (compared to precipitation). Here 
we explore this research challenge by comparing meteorological and hydrological drought indices for for a 
heavily impacted catchment in Central Otago, the Ōmakō (Lindis) river. 

For the meteorological indices, both the Standardised Precipitation Index (SPI) and the Standardised 
Precipitation Evapotranspiration Index (SPEI) were used. The hydrological index used was the Standardised 
Streamflow Index (SSI), with this calculated for both a relatively natural upstream location and a downstream 
(impacted) site. The reasion for this was to compare not only meteorological and hydrological drought but also a 
site comparasion to take into account or see the influence of human activities on the catchment. Results indicate 
that meteorological and hydrological indices can both be useful tools for drought characterisation, but the 
magnitude of the event must relate back to what is occurring in reality in catchments to be applicable.  
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MULTI-DECADAL SURROGATE RECORD OF DISSOLVED LOAD IN A NEAR 
PRISTINE ALPINE RIVER: HAAST, SOUTH WESTLAND
Sopie Horton,1,2 Sarah Mager,3 

1 University of Oxford 
2 University of Otago

Aims
The objective of this paper is to reconstruct a multi-decadal record of dissolved load flux that considers the 
effects of seasonal and multi-year variations in hydrochemistry. Specifically, we have developed a multi-year 
record of dissolved load for the Haast/Awarua River in the south-western Southern Alps to assess: 1) temporal 
variations in dissolved load for seasonal, interannual, or decadal cycles; 2) the significance of event flow 
for transferral of dissolved load on a high-ordered catchment; and 3) the effect of time-scale for surrogate 
reconstructions of mean annual dissolved fluxes. We use a combination of flow records, long-term water quality 
monitoring data, and field data from the Haast/Awarua to reconstruct variations in dissolved load specific yields 
for a 50-year record from 1971–2021.

Method
The Haast/Awarua is one of 77 catchments within the National River Water Quality Network (NRWQN) and a 
near pristine mountain catchment. Monthly in situ water quality observations and sample collection began 
in May 1989 (n = 388 to December 2021). For the first year of the NRWQN (1989–1990) major cations and 
anions were collected (Na+, K+, Ca2+, Mg2+ Alkalinity, Cl−, and SO42−) and quantified using AAS, titration, and 
colorimetric analysis (n = 12). Discrete grab samples were collected 16 times from 2012–2017 at three locations 
and analysed for the major cation and anion concentration to ascertain whether the chemical composition is 
likely unchanged since 1989. Longitudinal samples from 19 points along the main stem of the Haast/Awarua 
were collected 7 times between Mar-16 and Feb-18. An ISCO water sampler collected hourly 500 mL samples 
over three storm events (19/20 January 2019, 20/21 February 2019, and 11/12 January 2020) (n = 95). Event 
bulk rain samples were collected during storms and collectors situated adjacent to the river channel near the 
Roaring Billy tipping rain bucket, and in the Upper Haast tributary. Rain hydrochemistry was subtracted from 
all samples so that the concentrations reported are from chemical weathering contributions and rain-adjusted 
chemistry is denoted with an asterix. Major and minor ion concentrations were measured using a Dionex 3000 
ion chromatograph (F−, Cl−, Br−, NO3−, SO4−) and a Spectro-Blue inductively coupled plasma optical emission 
spectrometer (Na+, K+, Ca2+, Mg2+, Total Si, Al3+, Total Fe, Sr2+, Zn2+). Analytical precision was < 0.l mg L−1 for 
all major analytes, and < 0.001 mg L−1 for minor analytes, and summed to ensure a charge balance error <5%. 
The sum of dissolved ions (total dissolved solids, TDS) was determined for all base flow and event flow samples. 
Weighting TDS* by instantaneous discharge was used to determine the daily flux of dissolved load for the 
monthly samples. A simple rating curve was used to calibrate observed TDS* to instantaneous discharge (Q), so 
that Q could be used as a surrogate for chemical weathering over the duration of flow records.

Results
The mean TDSf* for the Haast/Awarua River was 609 t d−1, although values ranged from 170–6106 t d−1 due to 
variable flow conditions. These data are equivalent to a mean annual dissolved solids yield of 209 t km−2 a−1 
for data derived from the 32-year NRWQN record. Partitioning the 30-year NRWQN data into seasons, there is 
a small difference in the dissolved solid flux, with higher dissolved solids in winter (mean TDS* of 49 mg L−1) 
compared to summer (mean TDS* of 42 mg L−1). The dissolved solid yield is 42% lower in winter compared to 
summer (e.g., 153 cf. 267 t km−2 a−1) and underscores the potential for over-estimation of chemical weathering 
rates from summer-only derived sampling. 

Specific EC from the NRWQN dataset (and its surrogate TDS*) was rated relative to instantaneous discharge 
and has a strong non-linear relationships, where Specific EC = -19.01 ln discharge +171.46. Dilution during event 
flow causes an inverse relationship between discharge and Specific EC, and there is no evidence of ion-specific 
flushing of the major ionic constituents. Specific EC reaches a minimum ≈16 µS cm−1 thereafter increases in 
flow do not lead to any further dilution and the rating relationship reaches an asymptote. The relationship was 
also tested with samples collected over three discrete events, and under event flow there was no evidence of 
hysteretic responses in Specific EC to discharge. The relationship between discharge and specific EC (and its 
surrogate TDSf*) means that the 51-year flow record can be used to reconstruct the dissolved load flux at a daily 
time step and summed to determine calendar-year dissolved solid flux and yield. 

Based on the 51-year daily flow record, dissolved flux in the Haast/Awarua is estimated as 635 t d−1. The 
equivalent dissolved solid yield, which is equivalent to the mass of material exhumed from the landscape and 
transported through the river network was 218 t km−2 a−1, and ranged from 151–2993 t d−1 at the daily time 
step. The daily time step estimate of 218 t km−2 a−1 compares well with the measured monthly yields of 209 t 
km−2 a−1 and suggests that the rating method is a useful surrogate for long-term estimates of dissolved load.  
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Discussion
During summer glacially augmented weathering is most active, and is dominant source of solutes through 
the exhumation of fresh mineral surfaces from glacial abrasion. In winter, solute production is reduced due 
to increased snow and ice storage and a substantial decline in glacial melt and runoff, so that runoff and 
solute load is sustained from non-glacial chemical weathering processes. Therefore assessments of chemical 
weathering yields from mountain catchments should contain sampling strategies that occur across the 
hydrological year to account for these seasonal differences.

The mean annual dissolved flux of 218 t km−2 a−1 is at the higher end of global estimates of dissolved flux as 
reported by Gailardet et al. (1999). Similar rates of dissolved load flux were reported by Donnini et al. (2015) 
draining the European Alps, where yields average 83 t km−2 a−1 but range from 8–411 t km−2 a−1, with yields 
> 200 t km−2 a−1 restricted to small headwater catchments. Dissolved flux from alpine rivers in Aotearoa 
New Zealand are high by comparison to global studies, and it is the combination of high mean annual rainfall, 
frequent slope failure and rapid tectonic uplift rates that underpin the processes that yield a dissolved flux in 
the Haast/Awarua that is a magnitude of order greater than the global average of 24 t km−2 a−1. This study has 
also shown that in near-pristine conditions ratings of Specific EC and discharge provides a realistic estimate of 
dissolved load yields and may add value by predicting a measure of variance of the mean yield due to variations 
in flow conditions, and/or longer-term cycles in runoff.
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GUIDELINES FOR PLANNING AND DESIGNING PUMPED HYDRO ENERGY 
STORAGE : ONSLOW CASE STUDY 
Majeed, M.,1

1Manukau Institute of Technology 

Introduction
By year’s end (2022), the NZ Government will have decided whether or not to go ahead with the $4 billion 
project of Onslow pumped hydro energy storage (PHES). The decision to proceed will be based on the findings 
of a feasibility study as part of the NZ Battery Project. The aim of the MBEI project is to investigate pumped 
hydro against other possible solutions to New Zealand’s dry year electricity problem. As we transition away from 
fossil fuels and increasingly rely on hydro, wind and solar, the dry year problem may expand to become a dry, 
calm and cloudy problem (Ministry of Business, 2022). The main concept behind the development of the Onslow 
pumped storage plant it to store of energy generated in wet years to generate it in dry years aside with serve to 
offset hourly variations in power demand.

Aims
The aim of this paper provides basic information and guidelines on the planning, designing, operation and 
maintenance of elements concerned with pumped storage such as Onslow. The project was divided in six 
phases:
• Draw the optional routes for the upper and lower reservoir or underground storage then estimate the 

capacity of energy storage and installed capacity.
1. Develop preliminary design(s) to include selecting the optimum diameter of the tunnel based on the 

construction costs against the cost of hydraulic friction loss, design the waterways and the rest component 
of the scheme, transmission lines and safety of dams. Estimate the cycle efficiency of the scheme 
and avoided energy loss from the national electrical grid. Provide typical cross sections of the design 
components.

2. Estimate the economic and hydrological feasibility, financing plan and power marketing.
3. Develop a plan or design parameters considering functionality, safety, environmental, cultural, ethical issues. 
4. Report on the following water use and quality, fish, wildlife, and botanical resources, historic and 

archaeological resources, geological and soil resources, recreational resources, aesthetic resources, land 
use, 

5. Evaluating the potential for a multi-use of the pumped storage scheme.
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Preliminary results
Figure 2 shows the annual generation in TWh and the proportion of total New Zealand generation from each 
of three major fuel types: hydro, fossil fuel and other renewable (mainly geothermal and wind). The share of 
hydro in total generation decreased from average of 69% for the 1990s to, 58% for the 2000s and 57% for the 
2010s. This is because total hydro generation remained relatively consistent since 1992, when the last major 
hydroelectric power plant at Clyde was finished. All load development has been met by increments in fossil fuel 
generation and, to a lesser extent, from other renewables separated from hydro until around 2005, while there 
was energy increase in the other renewables to reach 25% of the share in 2021. The graphs also show that there 
can be economically significant shifts in partitioning between hydro and fossil fuel percentages (approximately 
five percent variation of total generation) between years with dry hydrological conditions (such as 2001 and 
2008), and years with wet hydrological conditions (such as 1995 and 2004).

Onslow pumped storage scheme could operate so that South Island hydro lake inflows in spring and summer 
would no longer be held back for winter generation, but instead released downstream for power generation 
and other uses. The surplus power would be used to pump water into a high reservoir, thus shifting energy 
storage away from the hydro lakes. In winter, much of the power demand would then be contributed from 
pumped storage as water is shifted to a lower reservoir. Simulations indicate hydro lake operation is best at 
near-constant water levels kept around the mid-range of the present seasonal cycle. This has the advantage of 
reduced hydro spill losses and reduced flood risk with respect to both rivers and lake townships. There is also a 
return to more natural lake shorelines and the creation of equilibrium lake beaches for the main hydro lakes.

Based on research the only viable option based on large energy storage capacity is the Onslow scheme, which 
can be supported by smaller schemes such as another pumped hydro storage and Advanced Rail Energy 
Storage (ARES).

(approximately five percent variation of total generation) between years with dry hydrological conditions 
(such as 2001 and 2008), and years with wet hydrological conditions (such as 1995 and 2004). 

Onslow pumped storage scheme could operate so that South Island hydro lake inflows in spring and summer 
would no longer be held back for winter generation, but instead released downstream for power generation 
and other uses. The surplus power would be used to pump water into a high reservoir, thus shifting energy 
storage away from the hydro lakes. In winter, much of the power demand would then be contributed from 
pumped storage as water is shifted to a lower reservoir. Simulations indicate hydro lake operation is best at 
near-constant water levels kept around the mid-range of the present seasonal cycle. This has the advantage 
of reduced hydro spill losses and reduced flood risk with respect to both rivers and lake townships. There is 
also a return to more natural lake shorelines and the creation of equilibrium lake beaches for the main hydro 
lakes. 
 
Based on research the only viable option based on large energy storage capacity is the Onslow scheme, which 
can be supported by smaller schemes such as another pumped hydro storage and Advanced Rail Energy 
Storage (ARES). 
 

 
Figure 1 Annual percentage of share of annual generation by fuel type in New Zealand, 1992 – 2021. 

 
Figure 3 Annual energy storage at Onslow based on statistical analysis 
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GUIDED BY ARTIFICIAL INTELLIGENCE; NEW ZEALAND’S FIRST SUB-
SEASONAL DROUGHT FORECAST
Tristan Meyers1, Neelesh Rampal2, Chris Brandolino2, Ben Noll2
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Introduction
The computational expense of running large ensembles of global sub-seasonal forecasts has meant that model 
spatial resolutions are of the order of 50 km – which does not provide the detail required for local-level decision 
making. Statistical methods have traditionally been used to enhance the resolution of the forecasts. Such 
methods are computationally inexpensive but unable to resolve the non-linear dynamics of precipitation over 
New Zealand associated with the country’s complex terrain.

Aims
The aim of our work is to use artificial intelligence to enhance the resolution of the global sub-seasonal forecasts 
to provide a high-resolution New Zealand Drought Index (NZDI) forecast. 

Results
The New Zealand Drought Index (NZDI) is a climate data-based indicator of drought and is dependent on four 
commonly used climatological drought indicators: the Standardised Precipitation Index (SPI), the Soil Moisture 
Deficit (SMD), the Soil Moisture Deficit Anomaly (SMDA), and the Potential Evapotranspiration Deficit (PED). 
Initially, the NZDI was used only for monitoring drought, but now we have developed a high-resolution (5 km) 
sub-seasonal ensemble forecast (1-5 weeks) of the NZDI that is driven by artificial intelligence (AI) that updates 
daily.

AI is used to enhance the resolution of numerous prognostic fields from NCEP-GEFS sub-seasonal ensemble 
forecasts from 50 km to 5 km. Fields include potential evapotranspiration (PET) and rainfall. When evaluated 
on hindcasts, our AI-based model dramatically reduces biases in both forecast rainfall and PET. The model can 
resolve detail that matches orographically forced rainfall patterns.

Our high-resolution rainfall and PET forecasts are combined with the initial soil-moisture conditions in a water 
balance model to forecast SMD, SMDA, and PED. Combined with the SPI from our precipitation forecasts, these 
are used to create a probabilistic forecast of NZDI risk. 
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MAKING COMMUNITY-BASED FRESHWATER MONITORING DATA 
COUNT!  PROGRESS WITH A NATIONAL QUALITY ASSURANCE 
FRAMEWORK
Milne1, J.R, Valois2, A.E, Haidekker, A.N.,3 Hayward, S.4
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4 Environment Canterbury

Community-based monitoring (CBM) of freshwater continues to increase across many parts of Aotearoa 
New Zealand (NZ), along with the expectation of CBM groups that their data can or will be used to inform 
freshwater management and reporting. There is now also a growing interest across many regulatory agencies 
for CBM groups to contribute credible and relevant data at meaningful spatial and temporal scales, as well as 
from geographically remote locations. Central to unlocking the value of CBM data is ensuring that data are of 
a known quality and ‘fit for purpose’. Supported by MBIE Envirolink Tool funding, NIWA is partnering with a 
group of regional councils and a wide range of other organisations to develop a national quality assurance (QA) 
framework for community-based freshwater monitoring initiatives. 

The first phase of the project involved a review of existing frameworks in the US, Canada, UK and Australia that 
could potentially be adapted for use in NZ. Both the US and Canada already heavily rely on volunteer data and 
have well developed QA-related systems to manage data quality. 

We are currently two-thirds of the way through the second phase of the project, the development of the QA 
framework. This framework is based around monitoring of stream health for a suite of variables spanning 
physico-chemical and microbiological water quality, ecology, physical habitat, and hydrology. Measurement 
methods and associated QA/QC requirements appropriate for particular data uses have been identified from 
a combination of existing National Environmental Monitoring Standards (NEMS), national guidance, and local 
and international community-based monitoring protocols. ArcGIS Survey123 electronic field form templates 
are being created to support rapid, standardised data capture, streamline QA checks and calculations through 
built-in background logic, and facilitate subsequent data archiving and exchange. These templates, together 
with electronic Monitoring Plan templates for documentation of core monitoring programme information (e.g., 
monitoring purpose, methods, equipment) are in the process of being piloted with different CBM groups across 
the country.

The CBM QA framework is due for completion in mid-2023. As well as electronic Monitoring Plan and field form 
templates, the project will deliver two guidance documents; one targeted at CBM groups and the organisations 
that support them, and a more technical one targeted at council/consultant science and monitoring staff. The 
project also aims to demonstrate how ‘quality stamped’ CBM data and associated metadata can be exchanged 
between on-line platform/portals.
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METEOROLOGY AND NATURAL VENTILATION IN AOTEAROA NEW 
ZEALAND SCHOOLS
Ian Longley,1 Daniel Morrish,1 Gustavo Olivares1 Elizabeth Somervell1

1 National Institute of Water and Atmospheric Research

Aims
The aim of this work is to identify the best general methods of naturally ventilating classrooms at select schools 
in New Zealand and the effect of different meteorological conditions on their effectiveness. 

Methods
A series of natural ventilation experiments were conducted at Henderson Valley School in West Auckland and 
Hampstead School in Ashburton over the winter months of 2022. Two almost identical classrooms in the same 
block from each school were monitored various settings were adjusted including high and low windows on 
each side of the rooms, as well as heating. Meteorological conditions were captured by an on-site met station at 
Henderson Valley, and from the National Climate Database 

Results
Analysis is ongoing however early results indicate that the air change rate (ACH) is proportional to total window 
opening area in lower winds and with single-sided ventilation (ratios of 2 – 4 observed in tests so far). The ratio 
of ACH to window opening area increases at higher winds speeds with double-sided openings. The ACH also 
increases as a function of indoor-outdoor temperature difference (role of openings currently unknown). 

PRELIMINARY INTERCOMPARISON RESULTS OF AIRCORE  AND NEAR-
INFRARED  REMOTE SENSING,  DURING A CAMPAIGN IN OCTOBER 2022.
Pollard, D.F.,1 Deutscher, N.M.,2 Simmons, J.,2 NOAA AirCore Team,3 Robinson, J.,1

1 National Institute of Water and Atmospheric Research Ltd (NIWA) 
2 University of Wollongong 
3 National Oceanic and Atmospheric Administration 

Aims
We will describe the side-by-side comparison of estimates of the column averaged dry-air mole fractions 
(denoted Xgas) of several trace gases (carbon dioxide (CO2), methane (CH4) and carbon monoxide (CO)) 
measured using two methods during a two-week field campaign based in Broken Hill, NSW, Australia between 
27th September and 9th October 2022.

Methods
We will intercompare two methods for measuring trace gas column amounts:
AirCore (Karion et al. 2010) is an in-situ method which uses a long narrow tube filled with a marker gas that is 
carried aloft by a balloon. During the ascent, as the ambient pressure drops, the marker gas is expelled from 
an open end of the tube. After the balloon bursts, the AirCore descends under a parachute and the increasing 
ambient pressure forces sample air back into the tube. After landing valves automatically seal the tube. When 
the instrument is recovered, it is connected to a trace gas analyser and marker gas is pumped into the tube to 
slowly force the sample air through the analyser. Using this method, a profile of trace gas concentrations with a 
resolution down to 110 m is possible.

The Bruker EM27/SUN is a portable, near infrared Fourier transform spectrometer (FTS) with a built-in solar 
tracker. The solar absorption spectra measured by the instrument can be used to retrieve column averaged dry-
air mole fractions of trace gases using a least squares fitting algortim to scale an a priori column to match the 
recorded spectra (Gisi et al. 2012; Hase et al. 2016).

In order to make meaningful comparisons between the two measurement techniques it is necessary to smooth 
and scale the in-situ data using the remote sensing column averaging kernel and a priori (Rodgers and Connor 
2003; Wunch et al. 2010). This method also allows the column above the maximum AirCore altitude to be 
merged with the remote sensing a priori.

Results
Data will be collected during September/October 2022. This will be one of the first presentations of the 
preliminary analysis. 
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LONG TERM TREND AND SEASONALITY OF COLUMN AVERAGED 
METHANE CONCENTRATION OVER LAUDER, NEW ZEALAND
Pollard, D.F.,1 Robinson, J.1 
1 National Institute of Water and Atmospheric Research Ltd (NIWA)

Figure 1. Results of using NOAA curve fitting methodology to fit a linear trend and seasonal cycle to Lauder XCH4 timeseries.

Aim
In this work we examine the long-term trend and seasonality of an eighteen-year time series of total column 
averaged concentrations of methane (CH4) retrieved from measurements of near infrared solar absorption spectra.

Method
Since 2004, routine measurements of near infrared solar absorption spectra have been made at Lauder, 
Aotearoa-New Zealand, under the auspices of the Total Carbon Column Observing Network (TCCON) (Wunch et 
al. 2010). The TCCON is a global network of sites using standardised instrumentation and retrieval practices to 
produce a consistent dataset of the column averaged, dry-air mole fractions (denoted Xgas) of several important 
greenhouse gases.

The timeseries used in this work covers measurements made by three different Fourier transform spectrometer 
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(FTS) instruments, one Bruker IFS 120HR and two Bruker IFS 125HRs, which have been intercompared to ensure 
the continuity of the data over instrument changes (Pollard, D. F. et al. 2017; Pollard, D. F. et al. 2020). These 
instruments have been coupled to an automatic, solar tracking system which achieves a pointing accuracy of 
better than 0.02° (Robinson et al. 2020). To ensure maximum data coverage, an automated systems is employed 
to automatically take measurements whenever the sun is above the horizon and the sky clear (Geddes et al. 
2018). 

Xgas values are retrieved from the interferograms recorded by the FTS using the GGG software (Wunch et al. 
2015). The latest implementation of GGG, GGG2020, has been used to generate the XCH4 timeseries described 
in this work. These data are publicly available from the TCCON data archive (https://tccondata.org/) (Pollard, 
David Frank et al. 2022; Sherlock et al. 2022b; Sherlock et al. 2022a)
To investigate the seasonality and long-term trend we use the NOAA curve fitting methodology (Thoning et al. 
1989) to fit a linear trend and a seasonal cycle made of of four harmonic terms.

Results
Applying the NOAA (National Oceanic and Atmospheric Administration) curve fitting methodology (Figure 1.) 
reveals an XCH4 growth rate of ~0.008 ppm yr-1, rising from 1.665 ppm to 1.820 ppm over the course of this 
dataset. The  seasonal cycle varies between 0.01 and 0.02 ppm in amplitude, peaking in winter/spring with a 
minimum in the summer/early autumn.

When the linear trend and average seasonal cycle are removed from the timeseries some features remain in 
the timeseries which are not explained by the fitted model, with departures of up to 0.02 ppm. We will go on to 
attemt to explain these departures in terms of biogenic and anthropogenic indicators.
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DEVELOPING A PRIORI PARAMETERISATION TOOL FOR THE NATIONAL 
GROUNDWATER-SURFACE WATER  MODEL
Rasool Porhemmat,1 Jing Yang,1 Ude shankar,1 Channa Rajanayaka,1 James Griffiths,1 Jeffrey Ren,1 
Christian Zammit,1 
1 NIWA

Aims
Groundwater accounts for approximately 80% of total freshwater in New Zealand, making it a vital source for 
agriculture, drinking water supply and recreation (Toebes, 1972). As the concerns over the availability of water 
resources grow, the importance of considering groundwater and surface water as a single resource has become 
increasingly evident. It is important to accurately estimate groundwater flux, its flow direction, and the role of 
groundwater interactions with streams. Holistic water management requires a better understanding of surface 
water and groundwater availability in the context of changes in land use, water use, and climate. 

Groundwater models are tools that scientists use to understand how a groundwater system works and to 
predict future behaviours. NIWA’s national hydrologic model (TopNet) has a relatively simple model for surface–
groundwater exchange and groundwater flows and storages, and does not account for groundwater flow 
between subcatchments within the modelled area or surrounding catchments. To resolve this, an additional 
conceptual groundwater module was introduced to underlie the original TopNet model, mirroring the surface 
catchment spatial layout. Water can move between groundwater catchments independent of the surface 
topography, and be exchanged with surface water storage and rivers (Yang et al., 2017). The groundwater 
parameters rely on physical characteristics of the aquifers and catchments. Therefore, the main aim of this 
study is to develop a priori parameterisation tool to upload and process the input spatial data such as flow 
direction, aquifer properties (hydraulic conductivity and porosity) and losing/gaining stream. This information 
will be fed into TopNet groundwater module in order to develop a national-scale groundwater model and 
improve  the current discharge predictions, at both catchment and regional scales.

Method 
We developed a toolbox in ArgGIS Pro in order to execute a script tool written in Python. The toolbox acts as 
the interface for the script and pre-processes all the input files required for our groundwater model (Figure 
1). The main parameters are: groundwater properties (e.g., hydraulic conductivity and porosity), groundwater 
water level raster (e.g. the national water table model, NWT; Westerhoff et al., 2018), model area, digital 
elevation maps, surface water catchment (subcatchment boundaries and river network) and groundwater flow 
direction. NWT was used as a groundwater DEM to calculate groundwater flow direction. The groundwater flow 
within an aquifer can be easily estimated when the water table is considered as a continuous series of pipes or 
streamlines controlled by hydraulic gradients. Groundwater flows from areas of higher hydraulic head to that of 
lower hydraulic head. The same dataset alongside the digital elevation model was used to identify the potential 
losing and gaining streams for all Strahler 3 streams. We also used New Zealand groundwater atlas (White et al., 
2019) to identify active aquifer layers for each region. 

Results 
Whilst an established method for derivation of TopNet surface water model parameters already existed, there 
was no equivalent procedure for derivations of groundwater model parameters. A procedure for estimation of 
a priori groundwater model parameters based on nationally available datasets was therefore developed. Our 
approach allows the development of a conceptual groundwater module that can be implemented with minimal 
complexity to surface water models.  The above methodology forms the basis for a priori parameterisation of 
a national-scale groundwater model (TopNet-GW). The ability to parameterise the model will benefit a range 
of end-users and stakeholders who currently rely on inexact estimation of surface water flows. It is envisaged 
that the model can be used in water allocation studies, climate impact assessment, irrigation water analysis and 
water-quality modelling.

Future work will focus on the comparison of TopNet-GW and original TopNet across the country. Several case 
studies in smaller catchments will be carried out for the purpose of model refinement in order to provide more 
detailed information on groundwater levels and flow pathways in areas where there are sufficient data. We will 
also compare the results with a physically based groundwater model (such as MODFLOW).
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Figure 4. The application of the pre-processing tool in Canterbury Region
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HYDRAULIC BARRIERS TO NATIVE FISH MIGRATION
Duke, C. R,1 Ryan, I. J,1

1 The University of Canterbury

Aims
Eighteen species of New Zealand native fish are diadromous, migrating between freshwater and the ocean 
in order to access habitats required for reproduction, feeding and taking refuge (McDowall, 2010). As New 
Zealand’s natural landscape has become urbanised, anthropogenic structures, such as culverts, are impeding 
the migratory pathway of New Zealand fish. This is increasingly becoming an issue due to urban intensification 
and other environmental stressors, such as climate change.

Physical culvert characteristics such as the dimensions and gradient of the culvert have traditionally been 
designed to move water as quickly as possible. This has led to long culverts with high velocities, steep gradients 
and homogeneous flow conditions throughout the culverts (MacDonald and Davies, 2007). Although these 
designs maximise efficiency for flood mitigation, small-bodied native fish struggle in these conditions. Kimball et 
al (2017) found that small-bodied fish, generally have a swimming speed relative to their size. Therefore, small 
native fish struggle to overcome the barrier presented by high, homogeneous velocities throughout the culvert.
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The declining population for small bodied native fish generates a need for many culverts to be updated to 
accommodate fish passage (Franklin, 2018). Spoiler baffles are one option for facilitating fish passage through 
culverts. Spoiler baffles are cuboid blocks fixed to the base of a culvert to create areas of low velocity throughout 
the culvert as rest areas for native fish. The main purpose of baffles is to improve native fish passage through 
culverts with little impact on hydraulic conveyance. This study examines the hydraulic behaviour of flow through 
culverts on the West Coast of New Zealand. Hydraulic data collected prior to baffle installation is compared to 
data collected after baffle installation with the aim to determine the success of the remediation.

Backwater rise is an issue that has been observed that can invalidated results from fish monitoring trials that 
require obstructions such as a net. By adding this barrier, the hydraulic properties of the reach are affected 
creating a backwater effect, particularly in reaches with high debris loads.

Backwater rise is where the water in the reach is backed upstream, creating an area of deeper water. This poses 
an issue as the testing is supposed to be done in natural hydraulic conditions. This research includes the design 
of a ‘no-backwater’ device which allows for mark and recapture trials that do not disrupt the culvert hydraulics. 
The device is tested in order to determine whether it is effective in minimising backwater and to allow for a fair 
trial of the baffles.

As long as there are obstructions in the flow, the backwater effect is impossible to completely eliminate. 
Therefore, since the net is essential for the trials, backwater rise mitigation techniques are investigated. Prior 
to this research, there have been minimal studies looking into the backwatering effect from nets and the effect 
this has on data collection. However, there have been several studies investigating the hydraulic impact from 
other obstructions such as logjams, investigating the cause of backwater rise. In previous studies published 
by Water Resources Research (Schalko et al, 2019), the backwater effect created by a log jam was investigated 
using empirical equations. They determined that the volume of the obstruction plays a large role in generating 
the rise in backwater. Therefore, if a thinner net can be used, or debris accumulation can be prevented, this 
may minimise the backwater effect generated. The paper also suggests that scour and deposition processes 
could minimise backwater rise. This process could potentially be adapted to prevent backwater rise from nets. 
Another study (Follett et al, 2020) modelled the backwater rise generated from log jams in a river. This research 
suggests that the backwater effect is determined by a range of factors, with the governing factors being debris 
present in the reach, porosity of the obstruction, unit discharge and channel slope. However, other parameters 
such as the porosity of the obstruction and debris present in the reach may be able to be altered. From these 
past studies, key parameters that could be altered to reduce the backwater effect form a net in the reach 
have been identified. Options include altering the porosity/volume of the net, mimicking scour and deposition 
processes and minimising debris in the river upstream.

Methods
Baffles were installed in eight culvert sites on the West Coast of New Zealand. The flow behaviour of the water 
travelling through each of the culverts is modelled before and after baffle installation using the SonTek Flow 
tracker 2. From this, velocity data is obtained before and after the spoiler baffle installation. From this data, 
a profile is constructed of the velocity through the culvert with and without baffles. This is used to identify 
low-velocity rest-zones, show changes in hydraulic behaviour and justify the success of this fish passage 
remediation.

The success of installing spoiler baffles is also measured using mark and recapture trials. This process involves 
placing a known number of fish at the downstream end of a culvert, isolating the area so that other fish do not 
influence the results, and recapturing them at the upstream end of the culvert. The discrepancy between the 
number of fish upstream and downstream of the culvert reflects the effect of the baffles of fish passage.
Once a few no-backwater device concepts were completed, they were tested in a range of reaches across 
Christchurch. In these tests the rise in backwater is measured before and after the addition of the no-backwater 
device. These tests were used to improve the device. Once it was refined, this device was used to mitigated 
backwater rise in the fish monitoring trials.

Results
The hydraulic data has been complied and processed to give figures showing the flow behaviour before and 
after the installation of baffles. Where these results show areas of low velocity throughout the length of the 
culvert after remediation, this indicates that the installation of baffles improve fish passage through the culvert.
The data from the mark and recapture trials quantifies the extent to which the baffles are improving fish 
passage, by comparing the pre and post remediation pass passage rates. This shows further validation of the 
success of the baffle installation.
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THE RELATIONSHIP BETWEEN EXTREME RAINFALL EVENTS AND 
ATMOSPHERIC RIVERS IN DUNEDIN, NEW ZEALAND 
Saez F,1 Kingston D.G ,1,

1School of Geography, University of Otago 

Aims
This project is centered around understanding the relationship between extreme precipitation events and 
atmospheric rivers (ARs) along the East Coast of the South Island of New Zealand. Globally the genesis for 
extreme rainfall events is often due to an AR making landfall. These long, narrow and, transient structures of 
strong horizontal integrated water vapor (Ralph et al, 2018), transport vast quantities of water vapor across 
the globe producing some of the largest rainfall events. Prince et al (2021) investigated this relationship 
in New Zealand. It was found that for all locations except Dunedin the heaviest 3-day precipitation events 
were associated with the occurrence of a strong AR. In Dunedin, the highest 3-day precipitation totals were 
associated with weak atmospheric rivers. This relationship warranted further investigation due to its contrast 
and is the primary topic for this project. The aim of this project is to understand the climatological features and 
processes that are responsible for the largest precipitation events in Dunedin. The objectives of this project 
are to understand the role ARs play in extreme precipitation events in Dunedin and to assess how extreme 
precipitation events in Dunedin have changed in frequency over the past 103 years.

Methods 
This study used daily precipitation data from the Dunedin Musselburgh historic and current day weather station 
collected from the CliFlo NIWA database. The timeframe of this project was from January 1st 1918 to 27th June 
2022. The methods used in this project can be split into two sections. The first corresponds to the investigation 
of the relationship between extreme precipitation events in Dunedin and ARs. Using ERA5 re-analysis data, the 
vertical integral of northward and eastward water vapor flux and 500hPa geopotential were collected for the 
specifically identified days to determine the presence of an AR.The second section corresponds to whether the 
occurrence of extreme precipitation events has altered over time. The 80,85,90,95,96,97,98, and 99th percentile 
daily highest precipitation events were calculated as well as the daily precipitation events that exceeded 40 to 
90mm of rainfall. The 60mm or above category was chosen as the daily events to model as they provided a 
realistic amount of data points. 

To investigate if extreme precipitation event occurrence had altered over the study period, the daily data was 
converted into monthly and yearly average, total, and maximum precipitation values. The 50-99th percentile 
highest precipitation events were calculated. First, the average, total, and maximum monthly data were 
plotted as a histogram to see if the data were normally distributed. Then a trend analysis and time series were 
performed to see if there was any overall trend in the data. Following this, the number of events per decade 
for the 90-99th percentile was calculated for all 3 categories. For each percentile, trend analysis, fitted line plot 
and regression analysis were performed to see if there was any general decrease or increase in the number 
of events over time. The yearly data was again plotted as a histogram and a trend analysis, fitted line plot and 
regression analysis were perfomed for each category. The yearly data were then grouped into 30-year periods 
and a Mann-Kendall test was performed on each period.  
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Results
Out of the 10 extreme precipitation events that were modeled all but 1 showed the presence of an AR, as 
exemplified by the 02/01/1966 event (Figure 1). For this event, 70.1mm of rainfall occured in Dunedin which put 
this event in the 99th percentile of rainfall. Using the AR categorisation created by Ralph et al (2019), the AR seen 
in Figure 1 can be classed as a categoery 3 (strong) AR. The maximum 3 hour average IVT is 900 kg m−1 s−1, and 
IVT is exceeding 250 kg m−1 s−1 continuously for 24 hours. The other 9 events showed 2 moderate AR (≥500–750 
kg m−1 s−1), 3 strong AR (≥750–1000 kg m−1 s−1), 2 extreme AR (≥1000–1250 kg m−1 s−1) and 2 exceptional (≥1250 
kg m−1 s−1). Correspondingly, these initial findings suggest that the largest precipitation events for Dunedin 
are indeed associated with major ARs. Research is ongoing as to the causes of this apparent contrast with the 
findings of Prince et al. (2021).

Figure 1; Model of IVT (kg·m−1·s−1, white and red shaded area) and 500 hPa geopotential height (m, isolines) for 0/01/01/1966.

There appears to be no clear overall decrease or increase in the trend of these high rainfall events (Figure 2 and 
3). The only category that showed a slight change in frequency was the 1978-2007 average yearly precipitation 
data. The Mann-Kendall test showed a test statistic of -2.50 with a significance level of 0.05, showing average 
yearly precipitation amounts for this period have decreased over time. Other than this finding, no conclusive 
figure or statistical analysis has shown a significant change in the frequency of extreme precipitation events.

  
Figure 2; A time series plot of the number of monthly average 90,95,96,97,98 and 99 percentile percipitation events for each decade 
from 1920 to 2020.

 
Figure 3; A fittled line plot of the number of monthly average 90th percentile percipitation events for each decade from 1920 to 
2020.
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ADAPTIVE TOOLS FOR ROBUST DECISION-MAKING ON WATER 
INFRASTRUCTURE
Andrew Allison1, Judy Lawrence2, Shailesh Singh3, Jan Kwakkel4, Yvonne Matthews1, Paula Blackett1, Scott 
Stephens1
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3NIWA Christchurch, 
4TU Delft, Netherlands

Multiple interacting hazards at the coast pose a challenging problem for policy makers. Water infrastructure 
providers are faced with uncertainty as to the timing, frequency, and magnitude of coastal hazards such as sea 
level rise, coastal inundation, erosion, groundwater intrusion and rainfall-runoff events, while servicing three 
waters systems and constraining costs. We are applying Multi-Objective Robust Decision-Making (MORDM) 
within a Dynamic Adaptive Pathways Planning (DAPP) process to assist the adaptation of two wastewater 
treatment plants on low elevation coastal plains. Using a MORDM approach in conjunction with DAPP enables 
identification of adaptation thresholds (a state after which adaptation strategies no longer meet objectives) and 
facilitates timely decision-making on adaptation actions with sufficient lead time for implementation. In this 
study we will describe the problem scoping, systems mapping, modelling and RDM processes followed in these 
projects, showing how a mixed-methods approach to infrastructure adaptation provides a sound platform for 
making robust adaptation decisions.

Aims 
To deal with deeply uncertain futures, our work uses Dynamic Adaptive Pathways Planning alongside Multi-
Objective Robust Decision-Making to uncover robust pathways for waste-water treatment plants and associated 
assets in low-lying coastal areas of New Zealand. 

Methods
Decision-Making under Deep Uncertainty (DMDU) is an approach for exploring the implications of decision-
making under the inherent uncertainty of a changing climate using a wide range of possible socio-economic and 
environmental futures (Marchau et al., 2019). One of the key ideas underpinning DMDU is the value in using 
models to explore uncertainty, rather than using models for predictive purposes (Kwakkel et al., 2016). Using 
modelling to make predictions is restricted by uncertainty; targeting optimal strategies can result in a plan that 
would work well in the single scenario used for prediction but does not perform well across a suite of possible 
scenarios. 

MORDM considers multiple different futures (e.g. rainfall-runoff, sea level-rise, timing and severity of storm 
impacts), seeks robust strategies rather than seeking optimisation, uses adaptive strategies to improve 
robustness and simulates these via modelling (Allison et al., In press). Robustness is about finding the sequence 
of adaptive actions that is least likely to fail under conditions of deep uncertainty. The purpose of MORDM is to 
stress test candidate strategies over a large ensemble of scenarios; to identify what it is that strategies that don’t 
meet the objectives have in common. Subsequent adjustment of the strategies ideally leads to identification of 
one or more strategies that perform well under the greatest number of scenarios within the ensemble (Lempert, 
2019). Once those have been identified, research can also look specifically at trade-offs, such as the relative cost 
of each strategy. 

MORDM models can be used to identify future adaptation thresholds (when existing behaviours will no longer 
meet objectives), the combination of factors that drive those thresholds and trigger pathway changes, and 
therefore what to monitor to trigger a change in management strategy (Allison et al., in press).

Results
In our first case study, our use of DAPP-MORDM was able to identify the most robust strategy to adapt 
the waste-water treatment plant to ensure the plant was able to safely operate on site, while minimising 
the likelihood of water discharge quality failures. We found that plant upgrades currently underway were 
undertaken at the best possible time – now. These will ensure an improvement in effluent discharge quality now 
and into the future, regardless of future influent scenarios. We found that the plant was viable at its current 
location until around 2050. However, as the plant cannot be decommissioned immediately careful consideration 
needs to be given to when the decommissioning needs to begin in order to have the site returned to a ‘natural’ 
state by 2050. Our second case-study is currently underway.
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IRRISET: IRRIGATION STRATEGY EVALUATION TOOL
MS Srinivasan1, Richard Measures1, Carla Muller2, Matt wilkins1, Gaspar Zaragoza1, Puru Pant1, Graham 
Elley1
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Introduction and background
Climate variability and change (CC) are projected to alter the temporal distribution and availability of water 
resources across New Zealand. For land-based primary sector activities, irrigation is identified as a key 
mitigation-adaptation mechanism to counter the uncertainty arising from CC. Currently, irrigation is the 
single largest user of all consumptive water allocated in the country and CC is expected to grow this further. 
The primary sector has been advocating the use of effective irrigation practices that maximise the water use 
efficiency on the existing irrigated areas. Effectiveness combines both economic and environmental outcomes 
that benefit individual farms and the wider society. At a farm scale, farmers may need to balance economic 
productivity and environmental outcomes arising from farming practices. At a societal scale, this may manifest 
as preservation of water resources for the survival, nourishment and recreation of all users, including the water 
sources themselves. Such manifestation is consistent with Te Mana O te Wai hierarchy.

At a farm scale, aside from a farmer’s capability to monitor and mitigate impacts of water use choices, the 
effectiveness of irrigation practices relies on a range of on- and off-farm factors. These include the capacity 
of specific on-farm irrigation infrastructure (e.g. how quickly and how much water could be applied during an 
irrigation event), soil type (e.g. how much could soil root zone hold and be able to balance saturation, drainage 
and wilting point conditions), irrigation supplies (e.g. access to irrigation water on-demand), and local weather 
and climatic conditions (e.g. frequency of rain events and magnitude of evaporative losses), and, eventually, the 
farmer’s operational ability to assimilate data and information and respond appropriately in real time.

Aims
As a part of the Ministry for Primary Industries’ (MPI) Sustainable Land Management and Climate Change 
(SLMACC) project, Future proofing irrigation under Climate Change (FPICC), we developed a web-based, farm-
scale strategy tool that could be customised to include farm specific conditions (weather, climate, soil type, 
and irrigation supply, infrastructure and scheduling practice), to compare and evaluate the effectiveness of 
current and potential irrigation practices. The evaluation is designed to compare on-farm economic (pasture 
productivity) and environmental (water loss from root zone) outcomes under current and future CC conditions. 
The comparison was aimed at understanding the suitability and appropriateness of  farm-specific capacities, 
capabilities, controls and practices under a changing climate.

Methods
In order to capture the degree and depth of understanding of CC and their impact on on-farm water 
management, we held a hybrid workshop (face-to-face and virtual) with primary sector industry partners, 
farmers, iwi, regional and central government agencies and researchers. This workshop examined the 
awareness of various irrigation adaptation options under CC. Key outcomes from the workshop are presented 
here, and in Srinivasan et al. (2020).
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To quantify the changes in water availability, and to evaluate the effectiveness of today’s irrigation capacities 
and practices under CC, we developed an online irrigation strategy evaluation tool, IrriSET (Irrigation Strategy 
Evaluation Tool). IrriSET was an enhanced version of the excel-based HydroEcon model developed during the 
Justified Irrigation MBIE (Ministry of Business, Innovation and Employment) Endeavour programme for the 
Waimakariri region (Srinivasan et al., 2021).

IrriSET is customisable at farm scale based on irrigation infrastructure and scheduling practices, and soil type, 
climate and (irrigation) supply conditions, and enables comparison of various irrigation scheduling strategies 
for improved environmental and economic outcomes. The hydrology and economic models are described in 
Srinivasan et al. (2021 & 2022).

IrriSET provides a comparison of relative changes in environmental and economic footprints between irrigation 
and no-irrigation scenarios as well as across various potential alternative irrigation strategies. IrriSET allows 
farmers to explore the benefits to changing their irrigation practices such as change of irrigation infrastructure, 
irrigation scheduling methods and irrigation sources. The irrigation strategy options include supply-based just-
in-case, demand-based just-in-time, and supply-and-demand based justified irrigation practices.

IrriSET utilises grided climate change predictions of rainfall, temperature, solar radiation and PET from regional 
downscaling of several global climate models. Incorporating these data allow IrriSET to simulate the climate 
impacts on water demand and pasture productivity under different irrigation scenarios

Results 
The stakeholder workshop with the representatives from farming sector, industry, regional and central 
governments, Crown Research Institutes, universities and Iwi identified a range of irrigation adaption options 
under CC. At the workshop, the participants identified the following as key adaptation options (not in any 
specific order)–

• Increase water storage
• Consider water trading
• Develop a flexible water allocation process that is transparent and that fully takes into account of current 

allocations and future needs

The IrriSET co-development process enabled the FPICC team identify a range of potential expansion options 
which would further enhance the application and usefulness of the CC adaptation tool. These options include, 

1. inclusion of options to estimate on-farm storage needed where CC could result in reduced rainfall and river 
flow supplies, and 

2. inclusion of options to explore non-pastoral land uses (horticultural and arable), where climate, water 
availability and security, and environmental and economic factors are less favourable for pastoral farming 
under CC.
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RELIABILITY OF EXTREME WEATHER BETWEEN FREE-RUNNING CLIMATE 
MODEL SIMULATIONS AND OBSERVATIONAL PRODUCTS
Stone, D. A.,1 Gibson, P. B.1

1 NIWA, Wellington

Aims
New climate model resources are proving to be novel tools for understanding the climatology, variability, and 
trends of extreme weather, by providing large dynamically-consistent statistical samples at meaningful spatial 
resolution.  Here we evaluate a number of new climate model products for applications involving daily weather 
variability and extremes over Aotearoa New Zealand.

Method
One new resource is an ensemble of simulations from the CCAM global atmospheric model run with a stretched 
grid focused at 12km resolution over Aotearoa.  These ten simulations are driven by observed ocean and sea 
ice conditions and radiative forcings over the past four decades, and differ only in their initial state.  Similar 
ensembles have been produced with a number of other climate models at about 60km resolution under the 
international C20C+ D&A and NOAA FACTS projects.

In this presentation we will examine the reliability of the simulations from CCAM, ECHAM5.4, HadGEM3-A-N216, 
and other models in relation to a number of observational products of daily temperature and precipitation, by 
comparing the population statistics of the observations within the quantiles of the simulated daily weather.  We 
will also look at their reliability in the extreme tails, by examining the population statistics within the quantiles of 
time-varying generalised extreme value distributions.

Results
This work will provide a statistical evaluation of the climate models that is relevant to extreme weather 
applications, as well as provide initial insights into causes of observed variability and trends in extreme weather 
over the country.

ANTHROPOGENIC INFLUENCE ON EXTREME PRECIPITATION OVER NEW 
ZEALAND UNDER DIFFERING CIRCULATION TYPES 
Anjali Thomas 1 , Adrian McDonald 1 , James Renwick 2 , Suzanne Rosier 3 

1 School of Physical and Chemical Sciences, University of Canterbury 
2 School of Geography, Environment and Earth Science, Victoria University of Wellington 
3 National Institute of Water & Atmospheric Research Ltd (NIWA) 

An anthropogenic influence on New Zealand’s climate has been well established in recent decades. New 
Zealand’s location and topographical features mean that precipitation patterns are strongly influenced by 
various synoptic scale circulation types. This study focuses on identifying the influence of anthropogenic forcings 
on precipitation, based on a range of circulation types. We use thousands of simulations from the weather@
home (w@h) regional climate model under two conditions - pre-industrial (natural scenarios with no human-
induced changes) and present-day (anthropogenic scenarios). The major large-scale weather patterns over New 
Zealand are derived using the Self Organizing Map (SOM) cluster classification. Extreme precipitation features 
from the model ensembles were analysed for different circulation types using various ETCCDI (Expert Team on 
Climate Change Detection and Indices) indices. The spatial variability of extreme rainfall over different regions of 
New Zealand is analysed for each circulation type. Both intensity and frequency of extreme rainfall increase due 
to anthropogenic forcings when there is a high pressure to the east side of New Zealand. This is most likely due 
to these synoptic types advecting warm moist air masses over the country. A decrease is observed when a high 
pressure is located to the west of New Zealand and when there is low pressure system over the landmass. The 
circulation type with a high pressure centre in the north east and low pressure centre in the south west of New 
Zealand shows the largest rise in intensity and frequency of extreme rainfall with anthropogenic influence. This 
synoptic type has a west-east flow which, over the South Island in particular, leads to elevated precipitation in 
the west and reduced precipitation in the east, because of the presence of the Southern Alps. We also present a 
test of the robustness of these results when the precipitation has been bias corrected against observations.
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RURAL DRINKING SUPPLIES FROM GROUNDWATER: COMPARISON STUDY
P.A. White1, K.M. Houghton1, K. Rogers1 and M. E. Santamaria1.1 GNS Science, New Zealand.
1 GNS Science, New Zealand.

Aims
Commonly, rural households use groundwater from ‘house wells’ as a drinking-water supply. Potentially, New Zealand 
has large number of such supplies, with estimates of more than 100,000, although the number is unknown. However, 
these supplies are unregulated, i.e., they are not classed as ‘community’ supplies by national drinking-water legislation 
and hence typically not monitored by regulatory authorities. Predominantly, house wells are shallow which indicates 
the potential for land use to impact on drinking-water quality. 
This survey aims to ‘monitor the unmonitored’ by comparing drinking-water quality (e.g., elemental and E Coli) from 
house wells in two rural areas, i.e., areas of extensive land use (north Taupo; Waikato region) and intensive land 
use (Pukehina vicinity; Bay of Plenty region).  Each water supply was sampled in 2021-2022 at source (e.g., to assess 
possible impacts of land use on groundwater quality) and at points-of-use (to identify water-quality effects of the 
household water distribution system). In addition, some drinking water supplies were assesed for DNA aiming to 
identify microbial communities and community functions (e.g., dissimilatory nitrate reduction and denitrification).        

Method
Groundwater samples from eight north Taupo and six Pukehina sites were analysed for elemental, conductivity, 
alkalinity, pH analysis. Twenty-four elements were analysed using IC, ICP-OES and ICP-MS at the NZGAL laboratory, 
GNS Science, Wairakei. Escherichia coli was measured with the standard test at the Roger Hill Laboratory, Hamilton. 
DNA analysis was completed by the Microbiology Laboratory, GNS Science, Wairakei where duplicate groundwater 
samples were filtered through a 0.1 µm filter. DNA was successfully extracted from six sample filters; one sample was 
subjected to metagenomic analysis of all genes, while five samples were classified according to 16S rRNA marker 
genes.

Results
Alkalinity and  conductivity are lower in north Taupo wells (up to 54 mg/L and 115 µS/cm) than in Pukehina wells (up to 152 
mg/L and 375 µS/cm), while pH is generally lower in north Taupo wells (6.42 to 7.60) than in Pukehina (5.99 to 7.08). Nitrate 
levels north Taupo wells (range 0.06 to 3.8 mg/L) are lower than Pukehina wells (range from 1.7 to 7.7 mg/L). Heavy 
metals such as arsenic, cadmium, copper, chromium, lead, nickle and zinc were all at, or below, the limits of detection 
from both regions, apart from two north Taupo wells, where zinc had values up to 0.2 mg/L and a Pukehina well which 
had zinc up to 0.78 mg/L.

Chloride, potassium  and sodium levels were lower in north Taupo wells (up to 6.2, 2.6 and 5.1 mg/L) than in Pukehina 
wells (up to 30, 9 and 58 mg/L). Other elements such as silica, phosphorous, magnesium and calcium were also lower in 
Taupo wells than Pukehina wells. Comparatively, the ‘elemental’ groundwater quality of north Taupo is better than that 
of Pukehina. 

North Taupo Escherichia coli counts were mostly within the drinking water standard for community supplies (i.e., 
counts were <1 Most Probable Number (MPN) per 100 mL of sample in approximately 87% of samples). In contrast, 
approximately 46% of Pukehina groundwater samples were within the standard. The results of the Pukehina survey led 
to some householders to implement changes to their groundwater supply (i.e., using groundwater from deeper wells 
and UV water treatment) or considering such changes.    

Analysis of the microbial diversity within the groundwater samples indicated that there was a core set of bacterial 
genera which were present in most samples but at a low abundance, including Escherichia coli and Pseudomonas. 
Pseudomonas (Gammaproteobacteria) detected within the microbial community in one groundwater sample have the 
potential for complete denitrification of groundwater nitrate to nitrogen gas and the capacity to degrade contaimination 
from arsenate and mercury. In addition, DNA sequencing of Escherichia coli was shown to be much more sensitive 
than the standard test, i.e., sequencing detects Escherichia coli when the standard test measures <1 MPN per 100 mL 
of sample.
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EFFECTS OF NON-OROGRAPHIC INERTIA-GRAVITY WAVES ON THE 
UPWARD PROPAGATION OF MOUNTAIN WAVES 
Yang Yang1, Trevor Carey-Smith1, Richard Turner1

1 NIWA Wellington

Aims
Gravity waves (GWs) frequently occur in the atmosphere, playing a major role in dynamical processes that affect 
atmospheric circulations and, as a result, affecting weather and climate. Generally, GWs can be classified as (a) 
non-orographic GWs that are generated by fronts, convection, jet streams, etc.; (b) mountain waves, which are 
generated as airflows past over mountains. This study examines to what extent non-orographic GWs attenuate 
the upward propogation of mountain waves in term of wave energy flux.

For the Southern Alps, mountain waves are the dominant type of GW (Smith and Kruse 2017). To study the 
dynamics of gravity waves from the surface to the upper levels of the atmosphere, DEEPWAVE was conducted 
over and around New Zealand from 4 June – 20 July 2014 (Fritts et al., 2016). During DEEPWAVE, upward 
propagation of mountain waves over the Southern Alps varied from time to time (Kruse, et al. 2016). On some 
days, significant attenuation of the upward propagation of the mountain waves were found. One example is 
29 June 2014 when significant attenuation was found in the lower stratosphere. In addition to the “Valve Layer” 
proposed by Kruse et al. (2016), wave breaking and wave reflection via large vertical windshear in the wind 
profile are possible causes.
Yang et al. (2021) described non-orographic inertia-gravity waves (IGWs) over the Southern Alps on 29 June 2014. 
These IGWs have vertical and horizontal resolutions of ~3 and ~400 km, respectively, and a period of ~9 hours. 
The activity of these IGWs pertubed the environmental airflow, leading to large vertical windshear in the lower 
stratosphere over the Southen Alps. These IGWs might attentuate the upward propagation of the mountains via 
the windshear associated with the IGWs. Testing this hypothesis using numerical experiments is the objective of 
this study.

Method
In this study a regional configuration of the UK Met Office Unified Model (UM) was used. The model has the 
ENDGame dynamical core that uses a semi-implicit semi-Lagrangian formulation to solve the non-hydrostatic, 
fully compressible deep-atmosphere equations of motion (Walters et al., 2017). The regional model has terrain 
following vertical levels, a horizontal resolution of 0.11º (~ 12 km) and domain size of 324x324 (Yang et al. 2012). 
The initial conditions (at 0000 NZST 29 June 2014) and lateral boundary conditions were provided by the Met 
Office operational Global UM. Experiments with and without New Zealand terrain were conducted. For the 
former, low vertical resolutions (~ 600 m, L70-80) and high vertical resolution(~ 200 m, L118-40-Hi) in 10 – 16 km 
layer were used.

A band-pass filter developed by Kruse and Smith (2015) was used to isolate the IGWs and the mountain waves 
with horizontal wavelengths of 250 – 450 km, and 50 – 250 km, respectively. 

Results
The non-orographic inertia-gravity waves and mountain waves over the Southern Alps were well isolated using 
the band-pass filter with wavelengths between 250 – 450 km and 50 – 250 km, respectively, as shown in Fig.1.
Attenuation of upward propagation of the mountain waves with horizontal wavelength of 50 – 250 km was 
found in the 10 – 16 km layer with large windshear over the South Island of New Zealand, especially in the 12-
17 km layer. The higher vertical resolution experiment (L118-40-Hi) simulated better windshear in the lower 
stratosphere when compared against lower vertical resolution results (L70-80),  leading to more attenuation of 
the upward propagation of mountain waves through this layer (Fig. 2).

The higher vertical resolution experiment (L118-40-Hi) simulated better windshear in the lower stratosphere 
when compared against lower vertical resolution results (L70-80),  leading to more attenuation of the upward 
propagation of mountain waves through this layer (Fig. 2). 

 
Figure 1. Filtered vertical velocity at 12km level (wavelengths between 50 – 250 km) along the solid line in Fig. 
2a using the simulations with mountains (a) and without mountains (b). Mountain waves are well isolated in (a). 
 

 
Figure 2. Wave energy flux for horizontal wavelength of 50 – 250 km at 9 km level at 1600 NZST 29 June 
2014 for (a) L70-80, (b) L118-40-Hi. (c) and (d) are the same as (a) and (b), respectively, but at 17 km level. 
Green elliptic line outlines the area with significant attenuation of mountain waves. 
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Figure 1. Filtered vertical velocity at 12km level (wavelengths between 50 – 250 km) along the solid line in Fig. 2a using the 
simulations with mountains (a) and without mountains (b). Mountain waves are well isolated in (a).
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The higher vertical resolution experiment (L118-40-Hi) simulated better windshear in the lower stratosphere 
when compared against lower vertical resolution results (L70-80),  leading to more attenuation of the upward 
propagation of mountain waves through this layer (Fig. 2). 
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Figure 2. Wave energy flux for horizontal wavelength of 50 – 250 km at 9 km level at 1600 NZST 29 June 
2014 for (a) L70-80, (b) L118-40-Hi. (c) and (d) are the same as (a) and (b), respectively, but at 17 km level. 
Green elliptic line outlines the area with significant attenuation of mountain waves. 
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Figure 2. Wave energy flux for horizontal wavelength of 50 – 250 km at 9 km level at 1600 NZST 29 June 2014 for (a) L70-80, (b) L118-
40-Hi. (c) and (d) are the same as (a) and (b), respectively, but at 17 km level. Green elliptic line outlines the area with significant 
attenuation of mountain waves.
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UPSCALING OF S-MAP-HYDRO DATABASE FOR CATCHMENT 
MODELLING
Woodwards S,1 Rajanayaka, C.,2 Srinivasan , M.S. 2, Griffiths, J., 2  Zammit, C.,2 Lilburne, L.,3 
1 Dairy NZ
2 National Institute of Water and Atmospheric Research, Christchurch 
3 Manaaki Whenua Landcare Research, Lincoln

Aims
The S-map-hydro database within the New Zealand digital national soil database (S-map) holds soil-hydraulic 
data (Lilburne et al. 2012, McNeil et al., 2018). However, the database contains more spatial and vertical detail 
than is generally required by soil water balance module of catchment models. The overarching aim of this study 
was to develop a method for upscaling multilayer vertical soil-hydraulic parameters for use in less detailed 
catchment scale hydrological model models such as TopNet (Clark et al., 2008) within the New Zealand Water 
Model (NZWaM) framework.

Methods
The catchment model used in this paper is the single soil layer TopNet model (Bandaragoda et al., 2004; 
Clark et al., 2008) that is has been a-priori parametrised across New Zealand and is used routinely to provide 
hydrological simulations across a wide range of use (e.g. operational flow forecasting, climate change 
assessment, state of water resources,…). TopNet is the default surface water model implemented in NZWaM. A 
two-steps process was developed to generate the upscaled watershed parameters characterising the soil water 
balance module in TopNet. 

Step 1: Upscaling of S-map-hydro soil hydraulic properties to representative 1D soil hydraulic characteristics 
used in catchment model. This step is based on analysis of hourly root zone soil water content and drainage 
observations from nine pastoral sites located across Waikato and Canterbury region. Using a Bayesian 
calibration approach, the hydraulic behavioural parameters of TopNet’s soil water balance module were 
identified (Rajanayaka et al., 2022).  

Step 2: Upscaling 1D representative soil hydraulic characteristics to catchment scale hydrological characteristics 
used in catchment model. This step is based on analysis of hourly streamflow time series associated with 13 
Stralher 1 catchments fully covered by S-map database.

Acknowledgement
The project team thanks Environment Canterbury and Waikato Regional Council for the provision of weather, 
soil moisture and drainage time serie at the location of the nine pastoral sites

Results
Using a Bayesian calibration approach Woodward et al. (2020), hydraulic behavioural parameters of TopNet’s 
soil water balance module were identified for the nine pastoral sites. Of the eleven soil water balance 
parameters used by TopNet, three were found to be insensitive to observed data (stress point, unsaturated 
hydraulic conductivity and infiltration rate); three were correlated and could be determined from soil 
moisture observations (wilting point, field capacity and drainable water); and five were correlated and could 
be determined from combined soil moisture and drainage observations (drainage rate, hydraulic conductivity 
profile, effective soil depth, soil water holding capacity and wetting front suction). Figure 1 presents result of the 
calibration process and upscaling performance for soil moisture content (SOILM), drainage (DRAINGE), surface 
runoff (INXSROF) and plant water stress (STRESSMM) obtained for the nine sites. Based on the eight correlated 
parameters, upscaling functions were then developed to derive suitable model parameters from S-map-hydro 
for each site.

Catchment scale investigation is on-going in association with the NIWA’s NZWaM project. Analysis completed to 
date on a limited number of watersheds indicates that catchment scale TopNet soil water balance parameters 
can be determined from S-map-hydro soil hydraulic properties using a simple scaling procedure characterising 
catchment scale groundwater recharge process (s1 scaling factor). Figure 2 presents observed and simulated 
daily average discharge for watershed Pomare at Diana Place (reach ID 4012734) for different value of the s1 
scaling factor  (0.01, 0.1 and no scaling (s1=1)) and watershed scale parameters being calculated using top layer 
(S-map-hydro-top) or the depth averaged (S-map-hydro-all) S-map-hydro soil hydraulic properties.
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Catchment scale investigation is on-going in association with the NIWA’s NZWaM project. Analysis 
completed to date on a limited number of watersheds indicates that catchment scale TopNet soil water 
balance parameters can be determined from S-map-hydro soil hydraulic properties using a simple scaling 
procedure characterising catchment scale groundwater recharge process (s1 scaling factor). Figure 2 
presents observed and simulated daily average discharge for watershed Pomare at Diana Place (reach ID 
4012734) for different value of the s1 scaling factor  (0.01, 0.1 and no scaling (s1=1)) and watershed scale 
parameters being calculated using top layer (S-map-hydro-top) or the depth averaged (S-map-hydro-all) S-
map-hydro soil hydraulic properties. 

 
Figure1. Calibration and upscaling performance. Model annual summaries compared with data (triangles: mean soil moisture 
(SOILM) (v/v) at 9 sites, and total drainage (DRAINGE) (mm/y) at 4 sites) and predictions based on upscaled parameters 
(circles)(Rajanayaka et al., 2022). 

 
Figure 2: Observed and simulated daily average discharge (top plot) for watershed 4012734 over the period 1 July 1977- 31 
December 1982.   Bold black line represents observed discharge time serie, blue bold line represents S-map driven 
simulation, plum lines represent S-map-hydro-top (SH top) simulations with smaller s1 values and chocolate lines line 
represents S-map-hydro- all (SH all) simulation with smaller s1 values. 
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Bold black line represents observed discharge time serie, blue bold line represents S-map driven simulation, 
plum lines represent S-map-hydro-top (SH top) simulations with smaller s1 values and chocolate lines line 
represents S-map-hydro- all (SH all) simulation with smaller s1 values.
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