Memo

File No: 240001

Date: 30 May 2019

To: Plan Change 1 — Healthy Rivers, Independent Hearings Panel

From: Mark Tamura, Manager Integration and Infrastructure for WRC as Submitter
Subject: Response to panel questions from block 1

Introduction
1. The purpose of this memo is to address two questions asked of me by the panel when |
appeared on 29 April 2019 representing the Waikato Regional Council (WRC) as a submitter.

Those questions were:

e What information does the Council have on the likely effects of climate change at a sub-

regional or local level such as precipitation and surface water temperatures?

e How is the Council progressing with the establishment of a freshwater accounting system?

2. At the hearing | undertook to discuss these matters with my colleagues and provide a written
response. Having now discussed these matters my response to these questions is provided

below.

3. This response was prepared with information provided by Council’s specialists in these fields.

e Climate change: Blair Dickie, Principal Strategic Advisor.

e Freshwater accounting: Dr Mike Scarsbrook, Science Manager.

Sub regional / local information on the climate change effects

4. WRC has high level information on projected climate change effects to District Council level
drawn from a 2014 report commissioned by the Waikato Regional Council - An Assessment of
the Impacts of Climate Change in the Waikato Region: Applying CMIP5 Data®. A copy of this

report is provided as an attachment to this Memo.

1 CLIMsystems Ltd -Drs Meng Wang, Yinpeng Li and Chonghua Yin,Reviewed by Dr Peter Urich.
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5. A useful summary of the key findings of this report was presented to the 4 February 2015

meeting of Waikato Regional Council’s Strategy and Policy Committee?,

6. The key climate change implications for water allocation comes from a redistribution of rainfall
combined with increased temperatures. This can be expected to play out in the northern and

eastern parts of the region in the following way:

e The average rainfall is expected to be similar to historic record, but the way we get our rainfall

will be different (includes lower reaches of the Waikato system)

e A seasonal shift to late summer with more intense rainfall from ex tropical cyclones coming
down to lower latitudes will affect suspended sediments — stream back erosion — landslides —

run off from pasture — flooding etc.

7. The corollary is the more evenly spaced rainfall e.g. over spring will be replaced by longer
periods of drought-like conditions. Not only does this have implications for the current land

use (more challenging for pastoral farming) but also for the assimilation of nutrients.

8. The surface waterways will be influenced by nitrate loaded groundwater springs and seeps
(from past pastoral intensification) and this may have implications for any additional
discharges e.g. primary industry or municipal wastewater treatment plants containing

nutrients.

9. This is because warmer receiving waters hold less dissolved gasses (e.g. DO) and therefore the
ability to assimilate contaminants — also increases in temperature speed up biochemical
reaction rates and also the physiology of in stream life and therefore contaminants become
toxic at lower concentrations. This is without considering any increase in algal blooms and the

effects of those.

10. The assimilation of diffuse and point source contaminants are an example of an in-situ use and
area therefore are an allocation of water — Ex-situ uses or takes e.g. irrigation, and municipal
drinking water have the effect of removing assimilative capacity from the waterbody and are

therefore also an allocation to be considered. In other words, quality and quantity are linked.

11. This means we may need to stratify our management and in the future — we will need to

manage for extremes (annual average conditions do not mean much to instream life) and

2 Link: https://www.waikatoregion.govt.nz/assets/WRC/Community/Archived-Meetings-and-Agendas/Strategy-and-Policy-
Committee/Agenda-Strategy-and-Policy-Committee-meeting-4-February-2015.pdf
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expect extended periods of low flows in the tributaries of the lower FMUs. The situation

regarding the upper catchments and therefore the main stream river may not be as clear.

Establishment of a freshwater accounting system

12.

13.

14.

15.

16.

17.

The WRC has allocated through its 2018-2028 Long Term Plan funding to employ a Catchment

Accounting scientist early in 2019/20.

This role will be responsible for building accounting systems that link property scale
information (e.g. land use information through the property registration and NRP
requirements and management practice improvements captured through the Farm Plan) to

contaminant concentrations and loads and, eventually, ecosystem health measures.

The ability to link changes in land management actions (e.g. protection of critical source areas)
to contaminant loads/concentrations is fundamental to our ability to track the effectiveness

of PC1 policies and methods.

There are accepted methods available to link changing nitrogen (N) management on farm to
resulting environmental loads (i.e. through OVERSEER and catchment models). However, our
ability to link management actions to phosphorus (P), sediment and Escherichia coli (E. coli)

loads are less developed.

There are active research programmes investigating these links (e.g. NIWA’s “Doubling the
effectiveness of on-farm mitigation programme) and some existing tools that include P and

sediment (e.g. Ballance’s Mitagator).

We are confident that this research and associated tool development will give us the ability to
track the effect of land management changes on instream contaminant levels and improve the

reliability of models that predict outcomes such as swimmability and ecosystem health.

Doc # 14360245 Page 3



ATTACHMENT - Waikato Regional Council Technical Report 2015/26
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Figure 14 Peak flows (m?/sec) and corresponding ARI values for baseline and future climate
change scenarios for the Waihou River, (station at Te Aroha) (top figure) and the Kauaeranga
River (station at Kauaeranga station) (bottom figure) for 2030, 2070 and 2100 using RCP4.5..................31

Figure 15 Percentage of annual PED by 2030, 2070 and 2100, where PED>200mm (RCP4.5,
110 | 1 - .33

Figure 16 The worst case scenario for PED, combining a High (75”‘ percentile) of GCMs for
temperature change and Low (25™ percentile) of GCMs for precipitation change under RCP8.5
SORMAPTD s covsmsasiminves sisansenssssisss s oo s R S oSS VR ST S S R YR SRR S ST SR SRR ST S Rs F .34

Figure 17 Percentage change in PED>200mm and PED>400mm: RCP4.5 and RCP8.5 for 2030,
2070:and ZL00:for WaIKato. i i o S D

Figure 18 Annual variations in baseline PED (mm) (top panel) and the changes to PED (mm)

with climate change (RCP4.5 for 2070 and 2100) (bottom panel) for the Hauraki district. The

bars show the variations among years for the 49 PED spatial grid cells that cover the Hauraki

Lo 1 ¢ o USSR .36

Figure 19 Number of days where conditions likely to induce mild stress (72<THI<78) (top panel)
and moderate stress (79<THI<88) (bottom panel) to cattle, for baseline and future projections:
RCP4.5 for 2030, 2070 and 2100 SCRMAIOS. ....oice i sissrssss s s ssssassassas s s s i s sas s e sn e s nes SO

Figure 20 Change in average number of days per year when THI>72 (top panel) and THI>78

(bottom panel): RCP4.5 and RCP8.5 for 2030, 2070 and 2100 scenarios. Results from the 40-

GCM ensemble, Low, Median and High percentiles represented by the red boxes and marks:

the bottom and top of box are the low and high percentiles, and the mark in box shows the

median projection of 40 GLMS. ....oveoeicve et sn s s e asssnnne .39

Figure 21 Variations in number of days when 72<THI<79 (top figure) and 79<THI<89 (bottom
figure) in the Hauraki District: for Baseline, 2050 and 2100 (A1B) SCENArios. ...cvviicseisissinscesssansenn 40

Figure 22 Change in average Growing Degree Days above three base temperatures 0°C, 4°C

and 10°C for 2030, 2070 and 2100 (RCP4.5 and RCP8.5) scenarios. Results from the 40-GCM

ensemble, low, median and high percentiles represented by the green boxes and marks: the

bottom and top of box are the low and high percentiles, and the mark in box shows the
miedian’projection of MFGEMS: - mmmusmmmm s e e T S S R RS 42

Figure 23 Growing Degree Days for base temperature >0°C, >4°C and >10°C: for baseline, 2030,
2070 and 2100 (RCP4.5) scenarios (Unit: degrees). ... iocviieieireccer ettt et .43

Figure 24 The historical extreme wind pattern of Waikato (1997-

Figure 25 Sample of extreme precipitation change patterns (%) for ARl = 50 years. From left to
right, panels show the 25" Median, and 75™ percentile values of 22

T P e e 70
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The local change pattern value (AVU' ) was calculated from the GCM simulation anomaly

( x\VW- ) using linear least squares regression, that is, the slope of the fitted linear line.

"

> AT, -AV,,
AV =2 (2)

i "

> (AT,

¥=1

where m is the number of future sample periods used, with a 10 year average as a period.

Pattern-scaling does not seem to be a very large source of error in constructing regional
climate projections, even for extreme scenarios (Ruosteenoja et al., 2007). However, in
applying pattern-scaling, two fundamental sources of error related to its underlying theory
need to be addressed: 1) the non-linearity error: the local responses of climate variables,
precipitation in particular, may not be inherently linear functions of the global mean
temperature change; and 2) noise due to the internal variability of the GCM. Based on the
pattern scaling theory, for a given GCM, the linear response change pattern of a climate
variable to global mean temperature change represented by the GCM should be obtained from
any one of its GHG emission simulation outputs.

Table 10 provides a list of GCMs used in this analysis.
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relatively poor performance on simulating precipitation at a regional or local scale compared
to the historical observed data. This has seriously limited the direct use of GCM precipitation
time series in extreme precipitation event analysis. Dynamic downscaling improves the
accuracy at finer scales but only to a limited extent. A major drawback of this method is its
high computational demand for only one or two simulation outputs. This makes it very difficult
for uncertainty analysis for different emission scenarios and different GCMs. A statistical
downscaling technique provides a computationally efficient and hence cost-effective solution
that can lead to improved accuracy of GCM results. The results can be used not only in the
generation of precipitation time series, but also for the analysis of the possible changes to
extreme precipitation events under different climate change scenarios. To date, scientific
research has not produced a satisfactory method at a fine spatial scale that readily can be
implemented for simulating daily precipitation, particularly for extreme analysis.

Among the wide range of climate variables, precipitation extremes have attracted much
research attention because of the potential disasters these may cause to human society and
natural systems. Extreme precipitation events are projected to increase with climate change,
even in areas where the total precipitation is projected to decrease (Meehl et al., 2007), since
global warming will noticeably enhance the hydrological cycle at both global and local scales.
In order to adequately assess the climate change impact on extreme precipitation events, the
characteristics of GCM-simulated precipitation and its relationship with global warming need
to be evaluated (Perkins et al., 2007; Alexandra and Arblaster, 2008). The evaluation of
observed and modeled trends has shown that the confidence in GCM projected extremes of
precipitation is much less than that of temperature (e.g. Kharin et al., 2007; Kiktev et al., 2007).
In general, the magnitude of changes in precipitation extremes simulated by GCMs was found
to have a linear relationship with the strength of GHG emissions or in proportion with the
global warming trend (Alexander and Arblaster, 2009, Tebaldi et al, 2006), which is in
alignment with the linear response theory of pattern scaling.

On the other hand, given the current state of scientific understanding and the limitations of
GCMs in simulating the complex climate system, a large ensemble of GCM simulations is more
appropriate in climate change projections than using individual GCM simulation outputs,
particularly if such projections will be used for impact assessments, because only large
ensembles of GCM simulations, sampling the widest possible range of modelling uncertainties,
can provide a reliable specification of the spread of possible regional changes (Murphy et al.,
2004; Sorteberg and Kvamstg, 2006; Murphy et al., 2007; Réisdnen, 2007).

Simulations of extreme precipitation in GCMs cannot be expected to accurately reproduce
observed absolute quantities or rates of change. The relatively coarse resolution of GCMs
prevents the simulation of phenomena that manifest their intensity mainly at synoptic (i.e.,
regional) scales (Dai, 2006; Tebaldi et al., 2006). GCM-simulated extreme precipitation
intensities are systemically much lower than the observed data (Dai, 2006; Kharin et al., 2007).

In lieu of the above, we present the following method for analysing the climate change impact
on extreme precipitation using daily GCM outputs at their original spatial resolution (i.e. not
downscaled) (Li and Ye, 2009). The steps of this method are listed below:

1. Build a General Extreme Value (GEV) distribution for one GCM baseline period (1986-2005)
for daily data and calculate its extreme precipitation intensity values for 11 selected return
periods (5,10, 20,30,50,100,150,200,300 year periods);
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