Review of modelling approach used by NIWA to assist with
assessment of effects on nutrient loads on water quality in lake

Benmore
Section 41C Report
Robert Spigel, NIWA, 11 December 2009

This report is structured around the set of questions in
Paragraphs 6 and 7 of Minute 7:

“In particular we would like Dr Spigel to explain the choice of
modelling tools, and how they reflect the hydrodynamics of the
lake Benmore system. This should include an explanation of
how the model reflects the difference in water quality between
the Ahuriri and Haldon Arms of the lake.

“We are particularly interested in the errors in the modelling
approach, and how this may reflect our confidence in the
predictions made by the model at different nutrient loadings.
We are also interested in Dr Spigel's view of the adequacy of
the input data used to calibrate and validate the model, how
unmeasured inputs (i.e., groundwater) were accounted for,
and any other issues relating to data input that would be likely
to change in any material way, the predictions made on the
response of Lake Benmore to increased nutrient loading.”




Choice of modelling tools — spectrum of tools
available

Paragraphs 34-43
(Figure, table and paragraph citations in this presentation refer to the Section 41C report)

+ Simplest — nutrient loading models based on empirical correlations
(OECD; 1970's to present)

+ Total phosphorus (TP) load ===p in-lake TP and chlorophyll-a
* Long-term, annual basin-wide averages

* Most complex — dynamic ecosystem models coupled with 3-
dimensional hydrodynamics
» Spatial and temporal variations in nitrogen, phosphorus cycles;

phytoplankton dynamics; dissolved oxygen; temperature; sediment-
water interactions.




OECD (1982) Chla vs TP
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This is a new figure, included to illustrate simple nutrient-loading models and
their uncertainty



Complex models — from Centre for Water Research (CWR),
University of Western Australia
Paragraphs 38, 44-49

CAEDYM - Computational Aquatic Ecosystem Dynamics Model
carbon, nitrogen, phosphorus, silicon, dissolved oxygen cycles
sunderwater light

sinorganic suspended solids

*phytoplankton dynamics (2 groups for Lake Benmore)

*[zooplankton — not included for lake Benmore]

Which needs to be coupled with a hydrodynamics model to provide
information on mixing and circulation, either -

DYRESM - Dynamic Reservoir Simulation Model
+a one-dimensional model for predicting the vertical distribution of temperature,
salinity and density in lakes and reservoirs
ssuitable for multi-year simulations
- Or -
ELCOM - Estuary, Lake and Coastal Ocean Model
+a three-dimensional hydrodynamics model used for predicting the velocity,
temperature and salinity distribution in natural water bodies
+suitable for simulations with time scales from weeks to a year
scan cope with complex bathymetry of Lake Benmore (differences and
interactions between basins)

It is not included in the slide, but need to mention reasons for choosing these
models (paragraph 44).

Also the initial use of DYRESM but almost all of modelling done with ELCOM
(paragraph 45).






