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Objectives

1) To improve understanding of groundwater flows in the Lake 

Tarawera catchment 

2) Describe flows and nutrient loads to Lake Tarawera and 

hydraulically connected lakes under different climate and land 

use scenarios

Water isotopes

Water balance approach



• Seven lakes drain into Lake Tarawera via 
groundwater and/or surface water 
connections

• Most of outflow from the greater catchment 
is to the east via the Tarawera River

• Some outflow from the Rerewhakaaitu 
catchment towards the Waikato

• Possibility of some groundwater flow 
towards Lake Rotorua???
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Conceptual Model
Arrows show flow paths between lakes
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Conceptual model idea: Alastair MacCormick, slide credit: Chris McBride
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Terminology

• Catchment vs local catchment

• Catchment equals local catchment for Lake Okaro, 
Okareka, Okataina, Rerewhakaaitu, and Tikitapu

• Catchment does not equal the local catchment for Lakes 
Rotokakahi, Rotomahana and Tarawera

• Greater Tarawera Lakes are all eight lakes
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Lake Ōkareka catchment Lake Ōkareka local catchment



Understanding groundwater flow using 
isotopic analysis of water

Investigation of groundwater flow within and out of the Greater Tarawera Catchment 

using isotopes of water.  Analysis of water from:

1. Groundwater within and outside of catchment

2. Surface water inflows to Lake Tarawera

3. Surface water outflow from Lake Tarawera (the Tarawera River upstream and 

downstream of the falls)

4. Surface water inflows to Lake Rotorua



Isotopic composition of groundwater in Greater Tarawera catchment



Water provenance determined via linear 
mixing models and visual analysis of biplots.

Conclusions:
Lake-to-lake groundwater connections 
between the lakes of the Greater Lake 
Tarawera catchment are not widespread and 
likely to be isolated to localised areas

Groundwater flow out of the Greater Lake 
Tarawera catchment towards Lake Rotorua 
cannot be ruled out, although is not likely to 
comprise large part of the total groundwater 
outflow.



Outflow from the Lake Tarawera catchment

• Is there evidence of groundwater outflow 
from Lake Tarawera itself? 

• Are the flow gains observed in the Tarawera 
River downstream of the Tarawera Falls 
sourced from lake water from Lake Tarawera?

Yes,

The isotopic composition of water from 
the deep bore at the outlet suggests so

No, the isotopic composition of 
river water suggests it is rainfall-recharged 
groundwater, some of which has bypassed 
the lake 



Source water contributions 
determined using a linear mixing 
model

Conclusions:
Gains in flow in the Tarawera River 
downstream of the Tarawera Falls 
are sourced from rainfall 
recharged groundwater, contrary 
to previous suggestions that they 
are sourced from lake water 
recharged groundwater.  The 
magnitude of the gains indicates 
that some groundwater from the 
Tarawera catchment bypasses 
the lake.



Water Balance

• Annual water balances calculated from 1972-2018 for each lake and catchment

• Variations observed year-year in the flow volumes and contributions of each 

source

• Different datasets and methods are used to assess uncertainties

• First study to account for land use, land cover and soil water stress in the 

calculation of evaporation
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Nutrient Loads

• Nutrient loads to each lake from 1972-2018 have been estimated for TN 

and TP

• The magnitude of nutrient loads to the lakes depends on the size of the 

nutrient source and the transport of nutrients

• Hypothetical scenarios modelled for comparison – agriculture vs. native 

forest

• Different datasets and methods are used to assess overall uncertainties 



• Annual variations in loads have been calculated using land use history 
(affects size of source) and flow (affects transport of nutrient)

• Current nutrient budgets calculated in McBride 
et al. (2020) have been used (Overseer version 
6.2.3 for pastoral and cropping land uses) 

Land UseFlow (rainfall 
or drainage)

Attenuation





• Water balance and nutrient load calculations were automated to run using every 

combination of datasets and methods considered in the study

• Results assessed as probability distribution

• I used the 95% confidence interval of the distribution to describe my results as a 

range

• Automation undertaken with R programming language

Interannual variability and uncertainty



Interannual variability and uncertainty

Plausible range

• Bracketing approach used to 
describe uncertainties

• The outer limits of what’s 
possible within a range of 
uncertainty most important

• Accounting for seasonal water 
stress decreases land 
evaporation by an average of 
204 mm/y

Land evaporation – Lake Tarawera Catchment



Lake Tarawera Flows – Mean, median and 95% 
confidence interval of distribution from water balance





• Lake-to-lake groundwater connections likely to be isolated to localised areas

• Flow gains observed in the Tarawera River downstream of the Tarawera Falls are 

sourced from rainfall-recharged groundwater

• Flows and nutrient loads to the lake are variable year to year

• Groundwater inflows to Lake Tarawera 62% of the total (70% of these from 

outside of the local catchment)

• Evaporation has a considerable influence on the water balance, accounting for 

seasonal water stress decreases evaporation by an average of 204 mm y-1 

Conclusions





• Model loads under different land use scenarios

• Investigation of unconfirmed lake-to-lake groundwater connections – well 

installation and testing

• More isotopic analysis and other geochemical analysis to understand 

groundwater flow pathways

• Refine lake evaporation estimates using buoy data

• Sampling of Tarawera River under different flow regimes

• Detailed studies to quantify interactions between groundwater and lake water

• Resampling of deep bore at Tarawera outlet

• Relationship between lake level and groundwater outflow

Further research recommendations
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Demonstration of web app….

https://nickiwilson.shinyapps.io/TaraweraMsc/






















