




















Modelling of stream discharge and groundwater levels in the Te Waihora / Lake Ellesmere catchment
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Figure 3-3: Examples of different Rakaia-Selwyn recharge-demand scenarios
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Modelling of stream discharge and groundwater levels in the Te Waihora / Lake
Ellesmere catchment

The effects on rainfall-based recharge determined from an analysis of modelled recharge and demand
time series data (Figure 3-3) indicate the following:

e The three different zones within the Rakaia-Selwyn, and in the neighbouring Selwyn-
Waimakariri zone, illustrate very different responses to changes in the amount of land surface
recharge and the proportion of land irrigated,;

e Inthe Inland zone, rainfall-based recharge is high, demand has never exceeded recharge and
even under a 100% demand scenario, demand accounts for only 30% of the recharge, leaving
the remainder to flow down through the aquifer system;

¢ In the Mid-plains zone, rainfall-based recharge is lower than in the Inland zone, demand has
exceeded recharge in some years, especially under a 100% demand scenario. Data for the
high demand year 1997-8 shows that the recharge-demand balance went into deficit, even for
the low irrigation intensity 40% scenario;

e The corollary to this last statement is that were irrigation percentage use to increase by means
of water consent transfers, then the likelihood of deficits occurring more frequently are
substantially increased;

e In the Coastal zone, rainfall-based recharge is lower, demand has commonly exceeded
recharge and, in the irrigation year 2003-4, demand accounted for nearly twice the recharge
falling in that area.

What can be concluded from this analysis is that the Coastal zone is highly dependent upon recharge
from areas up-gradient. Were excess recharge from the Inland and Mid-plains zones not available
through groundwater flow (e.g., if demand was to increase substantially), any demand scenario in
the Coastal zone would be highly over-allocated.

Taken as a unit, this recharge-demand relationship can be assessed for the entire Rakaia-Selwyn
zone, with the results shown in Figure 3-4 in which it is clear that at 100% demand scenario, several
irrigation years indicate an excess of demand over supply of recharge, the figures falling into negative
territory. For example, in the year 2003-4, the excess of demand over recharge was 30% of the
recharge.

The same exercise has been undertaken for the Selwyn-Waimakariri zone, with similar results
(Appendix B).

The graphs illustrating the correlation between reduced recharge and reduced modelled demand show
that if there is a reduced actual take and use for irrigation, it has a significant effect on recharge. The
difference in recharge relating to changes in use is as big or bigger than other uncertainties. The six
separate irrigation scenario models show how use of less water than modelled as demand from the
NIWA climate data means also that the corresponding recharge to groundwater is less. This issue
means that if users do not use as much water as the climate modelling might suggest, then a
soil water deficit can develop, such that subsequent rainfall events use more rainfall to wet the
soil before recharge occurs. Therefore, each of the five smaller water use scenarios shown in
Figure 3-3 and Figure 3-4 will necessarily involve a smaller recharge to groundwater component.

The theoretical basis for choosing irrigation scenarios instead of modifying the soil moisture balance
model for calculating recharge and demand has yet to be tested but it is beyond the scope of this
report to undertake this.
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Figure 3-4: Entire Rakaia-Selwyn recharge-demand scenarios

It is important to understand that each irrigation percentage scenario seems to represent a fraction of
the water required for the consented irrigated area to grow grass, this does not mean that consent
holders are using only that fraction for irrigation purposes. Some abstractors will be using a lot more,
as much as the monthly climatic conditions demand, others, much less. Each scenario reflects the
average usage of water over the allocation zone and is a construct for modelling purposes only and
should not be used for other purposes.

The Eigen model analysis circumvents the uncertainties in water use by providing a number of
scenarios that encompass the most likely one and shows why Canterbury Regional Council needs to
know both water use and irrigated area if it is to manage water resources effectively.
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Modelling of stream discharge and groundwater levels in the Te Waihora / Lake
Ellesmere catchment

4 Eigen modelling of flows and levels

4.1 Introduction

This brief section introduces Eigen models previously used to simulate either groundwater levels or
total aquifer discharge as explained by Saquhillo (1983), Bidwell (2003, 2010), Pulido-Velazquez et al.
(2005), Williams et al. (2008), Thorley et al. (2009), Williams and Gabites (2010), and Burbery (2011).

Simulation of lowland stream discharges has been undertaken because these flows are the critical
indicators for effective water resource management in the Ellesmere catchment. In previous reports
(Bidwell 2002, Williams and Gabites 2010) on Eigen modelling successful simulation of both
groundwater levels and flows has been achieved.

4.2 Sources of model input data

Table 4-1 includes the sources of data, values and methods by which the values of these variables
were determined for the modelling.

Table 4-1: Variables used in Eigen modelling of discharge

Variable

Source

Method of choosing variable
values

Comment on
uncertainty

Zone subdivision

Based on contours of effective

Environment Canterbury GIS . <1%
and areas rainfall
Vadose time T,
(months)
Rakaia-Selwyn:
Inland (3); Iterative matching of seasonal
Mid-plains (3); T, derived from Eigen modelling , 9
changes in flows and modelled
Coastal (2) of groundwater systems (e.g. : A 10%
. discharge during both the
Selwyn- Bidwell 2003) o - .
X . calibration and prediction periods
Waimakariri:
Inland (3);
Mid-plains (2);
Coastal (2)
Lack of precise water use and
Derived by matching flows imigated area information that 1, ;i
Irrigation . Y 9 could be used to determine gatc
X against calibrated Eigen Co . scenarios pre-
scenario irrigation scenario so value of

modelled discharge

scenario determined from
calibrated model

set

T1 Eigen value or
time constant in
months (20)

Calibration of a number of long-
term groundwater levels against
a recharge-based Eigen model
(Bidwell 2003; CSWS 2002;
Williams et al. 2008; Williams
and Gabites 2010)

T1 Eigen value is analogous to a
groundwater discharge rate half-
life. Value separately determined
from Eigen modelling of
groundwater levels

20%

Irrigation return
water

Data within report (INZ 2007)

The model assumes that irrigation
is only 80% efficient at meeting
demand. The remaining 20% of
the water used is either returned
to the uppermost aquifer and, or is
lost to evaporation

Most irrigation
less than 80%
efficient

Monthly recharge

Scott (2004) soil moisture

Determined more appropriate

series balance model than the few lysimeter monitoring <10%
sites (Clothier et al. 2009)
. . Provision of five water demand
Monthly water Scott (2004) soil moisture scenarios in light of the general <10%

demand series

balance model

absence of reliable water use data
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Modelling of stream discharge and groundwater levels in the Te Waihora / Lake
Ellesmere catchment

4.3 Eigen discharge model setup, approach and calibration

The Eigen discharge modelling was carried out using Excel spreadsheets, with modelling times in the
order of seconds. Recharge and theoretical demand scenarios for the irrigated area were calculated
for three sub-zone for both the Rakaia-Selwyn and Selwyn-Waimakariri model domains because the
recharge varies to a great extent over the catchment, as explained in Section 2. These recharge and
demand series from 1960 onwards were used in the model, the demand represented by a negative
recharge. The discharge contribution from each sub-zone was summed and plotted against flows or
groundwater levels. Calibration flows and groundwater level data, for the period prior to significant
irrigation (pre-1980) were separately plotted on graphs whose axes were manipulated to produce a
close correspondence between the two data sets.

The calibration procedure involved manual stepwise changes to the Eigen model variables T, and T1,
allowing corresponding changes to the shape of the discharge signature, allowing progressive
calibration with pre-irrigation monitored stream flows and levels. Note that monitored or modelled flow
data and groundwater level data that do not extend back to a period prior to significant irrigation (e.g.
pre-1984) cannot be calibrated.

While acknowledging the uncertainties in the input variables, a standard least-squares minimisation
approach to Eigen model calibration against monitored and modelled flows was not used because it
was held that low flow periods were a more specific and significant calibration target. Furthermore,
there is a lack of concurrent recharge and discharge flow or groundwater level data, so a least-
squares approach was not possible without interpolation of flow or level data to specific times.

The recharge and demand for each sub-zone within the R-S and S-W zones have been pro-rated for
irrigated area. The irrigation scenarios for each sub-zone were then summed for each zone. While
incorporation of differing irrigation scenarios for each sub-zone is possible, it would present
overlapping discharge signatures and a family of 125 (i.e. 53) separate models, each based on
imperfect input data. Such a braided system of inter-twining discharge responses would make the
distinction of the ‘correct’ model almost insuperable.

The combination of uncertainties in all of these variables used in the Eigen model conflate into a
significant total uncertainty. The presence and magnitude of this uncertainty is addressed in
Section 5.

Eigen modelling of groundwater levels has been undertaken in previous work by Williams et al. (2008)
and Williams and Gabites (2010) and is documented in the body of the report and included as
Appendix G to show that the same vadose time and T1 Eigen value variables used for the calibration
for flows provide a discharge signature that in some instances is a reasonable match with groundwater
levels.

It is recognised that the major environmental indicators are the flows in lowland streams, and if these
flows are maintained, then groundwater levels will also be managed appropriately.
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Modelling of stream discharge and groundwater levels in the Te Waihora / Lake
Ellesmere catchment

5 Use of stream flows to calibrate Eigen models

5.1 Introduction

Flows in the lowland streams such as Harts Creek, and the Selwyn, Halswell, Irwell and LIl rivers are
what the Ellesmere Catchment Plan, which is under development, is designed to protect. For this
reason, the Eigen modelling undertaken in this report uses these stream flows for calibration although
modelled groundwater levels are also shown in Appendix G. The lowland stream flows in the
Ellesmere Catchment are by far the most visible, easily monitored and ecological significant indicator
of the success or failure of water management. In this report five streams have been chosen as
primary indicators (Table 5-1).

Table 5-1: Indicator streams

Groundwater L . Monitoring period Modelled
Stream X Monitoring point : .
allocation zone (gauging) period
Halswell S-W Ryans Road 1996-2010 1984-2010
bridge
LIl S-W Pannetts Road | 1496 9910 1984-2010
bridge
Selwyn River S-W Coes Ford 1971-2010 1984-2010
Irwell River R-S The Lake Road 1970-2010 1984-2010
Harts Creek R-S E‘;‘;%eryard Point 1 1970-2010 1984-2010

The Halswell and LIl rivers were not gauged at their current monitoring sites until 1996. The flow
record has, therefore, been synthesised from a combination of flows from other sites on each river
(Clark 2011), and from groundwater records obtained from water levels in wells that correlate strongly
with the flows (Williams and Aitchison-Earl 2006).

5.2 Selwyn-Waimakariri discharge Eigen model

Six irrigation percentage scenarios were matched against LIl River, Halswell River and Selwyn River
flows in order to calibrate the model and indicate which was most likely irrigation scenario.

For each calibration of the model against flows, a mix of individual flow gauging measurements and
derived monthly mean base flow data for the pre-irrigation period was used. The base flow series
were produced for this project by Daniel Clark of the Surface Water Resources and Ecosystems
Section in Environment Canterbury. Details of the modelling are presented in Clark (2011). The flow
measurements were used to obtain a calibration between early (pre-irrigation period) model
discharges and flows.  The monthly mean base flow series started in 1984 and was used to
determine the detail of which irrigation scenario was best simulated by the model. The very similar
relationships between these modelled flows, when plotted as standardised flows, are shown in
Appendix C. The similarity of these flows when expressed as standardised flows (observation-
mean)/standard deviation, means that the flows are responding similarly to the climatic and
abstraction-related stresses and are thus a useful proxy of the state of the resource. Note that the
Selwyn River contrasts with the other four lowland streams in having higher flows resulting from foothill
flow input.

Figure 5-1 shows the various actual Eigen-modelled discharges for each of the six scenarios and the
corresponding LII flows; the ‘LIl GW' correlation used for calibration was developed by S.Gabites and
is reported in Williams and Gabites (2010). Figure 5-2 shows the details of a small part of Figure 5-1
to illustrate what each plotted line means. A number of points about the discharge Eigen model
constraints and the output figures need explanation:

e In Figure 5-2, the family of blue lines represent the discharge output from the model as if there
was no abstraction, with the lowest of the blue lines representing a natural state, the highest
represents full intensification of the irrigated area;
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Figure 5-1: Example of model output: relationships between LIl River flows and modelled discharge in the Selwyn-Waimakariri zone
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Figure 5-2: Detail of Figure 5-1 identifying the data plotted
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Figure 5-3: Example of model output: relationships between Harts Creek flows and modelled discharge in the Rakaia-Selwyn zone
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Figure 5-4: Example of modelled Harts Creek flows
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e In Figure 5-2, the family of brown lines represent the discharge output from the model with
varying intensification of abstraction. The lowest line is 100% intensification, the uppermost is
30%.

e In Figure 5-2, the green line represents monitored flows or, in other plots, modelled flows, or
groundwater levels, against which the modelled output is calibrated.

e All the modelled irrigation demand scenarios make allowance for the gradual increase in
consented irrigated area and consented water use. This increase is based on data contained
in the Resource Consents Database and put into the required format by Nicola Wilson
(Groundwater Resource Section);

¢ Although an irrigation efficiency of 80% is assumed, not all irrigation hardware is equal, some
are more efficient than others (INZ 2007);

e The modelled discharge apparently rapidly rises from the model beginning in January 1960
until about mid-1961, largely because it takes about 18 months for the model to stabilise from
its initiation. As a result, model discharges in this 1960-61 time period are ignored, which is
fortunate because no monitored flows are available for that period;

e The six irrigation demand scenarios (pale brown) and their corresponding recharge scenarios
(blue) are plotted on the same figure to show their relationship. Also plotted is the recharge
signal (lowest of the blue lines) that would occur if no irrigation and abstraction was occurring,
being data used to determine naturalised flows;

e There is less difference, in terms of mm per month, between the six recharge signals (100, 80,
65, 50, 40, 30 and 0%) represented by pale blue lines than the corresponding six demand
discharge scenarios (pale brown lines);

e Depending on the availability of monitoring data, calibration of the relationship between the
modelled discharge and flows is generally undertaken for the period prior to 1984, when
irrigation was minimal and climatic variation significant;

e There is wide variation in modelled discharge, in the order of 10 mm/month in the summer
demand season, between the different demand scenarios. Visual best matching was
achieved with irrigation use scenarios in the range 50% to 40%, particularly at low flows;

e The 40 to 50% scenarios, indicating a low intensity of potential irrigation water use are
considered to reflect the subordinate component of dairying in the catchment because less
water intensive crop types are currently generally dominant;

e The 30% scenario was developed at a late stage in the modelling procedure specifically to
provide data to model flows under a reduced demand environment; and

e Were dairying to become the dominant crop type, then effects on flows and groundwater
levels would become more marked.

5.3 Rakaia-Selwyn discharge Eigen model

A similar Eigen modelling was undertaken for the corresponding R-S Eigen model and Harts Creek
flows (Figure 5-3). Note in this figure that the Harts Creek flow (red line) approximately corresponds
with the two of the set of six brown lines (40% to 50% irrigation scenario). In no way can the model
be made to fit a 65% or more irrigation scenario, or a 30% scenario. The full model results are located
in Appendix D.

5.4 Predicted effects on lowland streams were current consented
groundwater allocation fully used
Calibration of the Eigen model using early, pre-irrigation flow data indicates that the current use of

consented allocation is in the order of 40 to 50% of that required for the growing of grass. An example
for Harts Creek is presented in Figure 5-4, which shows that the 50% use-demand Eigen model
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generally underestimates flow (50% line lies below monitored and modelled base flow record), while
the 40% use-demand data tends sometimes to overestimate it (40% line lies above flow series).

If the current use of water for irrigation increased towards 100% of grass-growing demand,
representing increasing conversion of all currently irrigated land to dairy, or extensive transfer of
unused water to other consent holders, then it is possible to predict the consequent reduction in flow in
the lowland streams, as shown by the lowermost brown lines in Figure 5-1 &

Figure 5-3.

It is important to remember that even 100% use on Figure 5-1 is in reality only 80% net use because
the irrigation is unlikely to be more than 80% efficient, so return of part of this excess water to the
upper level of the groundwater system is built into the model, the remainder is lost to evaporation.
Further predicted flow data and associated plots are contained in Appendix F. In Figure 5-1 and
others, use of the term 'intensification' relates to the various potential enhanced recharge scenarios
(blue lines) representing 0% up to 100% increase in recharge relating to irrigation. Similarly, modified
discharge (brown lines) relates to the reduction in discharge related to increasing abstraction as
intensification of irrigation progresses.

It is accepted that these scenarios do not reflect reality; in the absence of a time series of reliable
water use data and detailed land use they are simply a tool to show the effects of a variety of irrigation
intensification situations. Figure 5-2 illustrates details of the plots showing the two families of near-
parallel lines representing modelled discharge under natural recharge and irrigation-enhanced
recharge (blue) and discharge under six irrigation demand scenarios (brown).

Figure 5-4 shows the modelled discharge converted to variation in flows in Harts Creek under these
six irrigation demand scenarios. The 100% scenario represents total intensification of the current
consented irrigated area. The 30% scenario represents a reduction in the degree of water use
compared with the 40% to 50% indicated by the calibrated model.

5.5 Discharge Eigen model and groundwater levels

In two reports, Wiliams et al. (2008) and Williams and Gabites (2010) illustrated the close
relationships between the time series of discharge produced by the Eigen model and groundwater
levels. This section revises this work, using the newly calibrated model that takes into account time
varying irrigated area and water use.

Eleven plots of groundwater level (refer Figure G-1 in Appendix G for monitoring well locations) and
corresponding Eigen model discharge series for all scenarios are located in Appendix G. Example
plots are shown as Figure 5-5 for well L36/0142, Figure 5-6 for well L36/0092.
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model output for all modified discharge scenarios

depth of screening;

The Eigen modelling shows that groundwater levels are not as reliable an indicator of modelled aquifer

discharge for a number of reasons:

Figure 5-6: Groundwater levels for monitoring well L36/0092 plotted against Eigen discharge
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e proximity to the discharge end of the system; and
e proximity to other recharge sources such as alpine rivers and surface water-sourced irrigation
schemes.

For example, Appendix G contains a number of comparison plots between Eigen discharge modelling
output and groundwater levels. Well L35/0163 is a mere 2.5 km from the Waimakariri River and does
not show the same decline to low levels as other monitoring wells, such as L36/0092 and L36/1926,
because of steady recharge input from the river.

Similarly, wells such as M36/7880, close to the spring discharge zone associated with the headwaters
of the lowland streams illustrate ‘beheading' of high groundwater levels as the additional head is
converted to spring flow (Gabites and Williams 2010). Some wells show more intense summer
groundwater level lows resulting from local well interference than others (L36/0023).

The depth of screening and general location of a well can be taken into account, not in the modelling
per se, but during the matching or calibration of the well monitoring record to the model results. Deep
wells that characteristically have large groundwater level variation can be calibrated against the large
climatic variation during the pre-irrigation period. Deep wells (Figure 5-6) characteristically have large
seasonal variation of groundwater level that are matched by the increasingly deep seasonal declines
in the discharge model signature during the irrigation period.

5.6 Discussion of Eigen model results

5.6.1 Selwyn River

Eigen modelling shows that calibration against the Selwyn River (Appendix D) is problematic except at
low and intermediate flows. High flows in the Selwyn have not and cannot be correctly Eigen
modelled and this portion of the record may explain the disparity between the naturalised flows
produced by the Eigen model and those in the coarse estimate (Section 5.6.3). An unknown portion of
the Selwyn River flow is more than just base flow driven by groundwater because it includes a
contribution from the headwaters of the Selwyn and Hororata rivers. Standardised flows in
Appendix C illustrate this aberrant behaviour by the Selwyn River. This contribution to total recharge
is not taken into account in this version of the Eigen model, as explained in Section 2.1.
Acknowledgement that the Selwyn River is not a ‘pure’ spring-fed stream is likely to be the major
source of disparity between the modelled flows (Clark 2011) and the Eigen-modelled discharge.

5.6.2 Offshore discharge and its variability

The Eigen model provides an estimate of the total aquifer discharge, represented by a combination of
surface and groundwater flow. It has been argued elsewhere that the lowland streams are likely more
variable in their flow than the corresponding sub-coastal (off-shore) discharge (Krom 2007; Williams
and Gabites 2010). This is likely due to the additional physical work required to move groundwater
through a considerable distance within the gravel aquifers onto the continental shelf and then up
through confining layers to the sea floor. Therefore, an un-quantified portion of the modelled flow is
hidden from view as increased groundwater discharge offshore.

5.6.3 Estimate of the reduction in flow resulting from abstraction

For comparative purposes with the Eigen discharge model, an alternative means of estimating of the
reduction in stream flow discharge from the entire catchment can be determined from an estimate of
the net amount of consented water used. This is a highly simplified model that does not involve
recharge and simply compares the difference between observed and naturalised discharge from the
system and estimates of net abstraction.

The CRC consent database indicates that total consented allocation for the combined Rakaia-Selwyn
and Selwyn-Waimakariri zones is 396 GL, equivalent to a gross flow of 12.55 m®/s. If only 40% of this
current allocation volume is actually used (80% efficiency of a 50% irrigation scenario), it may be
recalculated as a steady flow equivalent to a net abstraction of 5.0 m®s averaged over an entire year.
In effect, this 5.0 m%s could be represented by the total stream depletion from the Ellesmere
catchment and any decrease in offshore flow.
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From the monitoring and modelling of flows undertaken by CRC, calculated mean flow of the
combined baseflow in lowland streams discharging into Te Waihora / Lake Ellesmere (Halswell, LII,
Selwyn, Irwell, Harts) over the last decade is equivalent to a flow of 5.0 m%s (Clark 2011). This
estimate of naturalised flow is likely to be lower than actual because it does not take into account the
quick flow in the Selwyn River that is substantial during the winter.

Therefore, in gross terms, the naturalised (no irrigation) flow might be expected to be greater than
10.0 m*/s (5.0 + 5.0). Furthermore, this estimate does not take into account any change in the amount
of groundwater passing beneath the coast. Over the last decade, the modelled naturalised combined
flows for the lowland streams determined from the Eigen modelling indicated that the naturalised
baseflosvv into Te Waihora / Lake Ellesmere is in the order of 6.4 m%s, significantly lower than
10.0 m/s.

There are several reasons for this disparity in estimates of naturalised flow:

e The Eigen modelling cannot account for the flows other than base flow, which for the Selwyn
River is problematic and is evident in the Eigen model plots shown in Appendix D;

o The Eigen model calculates the entire discharge from the aquifer system, not just the surface
water component to which the model has been calibrated;

e Some of the reduced discharge from the system resulting from abstraction in the south-
western part of the catchment is likely to show up in reductions in stream flow in rivers such as
Jollies Brook and Lee River, that discharge direct to the ocean. This situation means that the
5.0 m%s is likely an over-estimate of the net abstraction effect affecting Te Waihora.

What this comparison means is the simplistic approach described is unable to confirm the naturalised
predictions of flow provided by the Eigen model.

5.6.4 Modelling of groundwater levels

In Section 5.5 | explained why Eigen modelling of groundwater levels is not as effective as the
modelling of surface flow discharge from the aquifer system. There are complexities associated with
wells that are not associated with surface discharge. Local abstraction effects, proximity to seepage
from rivers, and proximity to discharging springs make modelling of groundwater levels more difficult to
interpret.

Regardless, the ability to closely match groundwater levels and flows to the Eigen discharge model
with similar use scenarios is an indicator that the model is a robust representation of the aquifer
system.

5.6.5 Does it matter if the Eigen model is imprecise?

In Section 4 it was stated that the combination of uncertainties in the inputs to the Eigen model may be
significant, that is ~10%. Bidwell (2003, 2010) demonstrated from the theory of Eigen model outputs
that the relationship between changes in recharge, abstractive demand and modelled discharges are
likely to be linearly related to monitored flows. If the model is imprecise, does it matter? The answer
to this question is that it really depends on the intended use of the output.

If the purpose of the modelling is to produce highly accurate flows at specific times, then the Eigen
model is unable to do that while acknowledging the uncertainty in the input data. If the purpose is to
produce a series of flow series under different irrigation water use scenarios that indicate the general
magnitude and timing of flow, then, the model is fit for purpose.

As long as the Eigen model continues to demonstrate even a modest approximation of reality, based
on the close correspondence between the patterns of recharge inputs and flows in the pre-irrigation
period, it can justifiably be used to inform resource management changes to produce improved
environmental outcomes in the forthcoming season.

Use of any model provides additional calibration that can be used to improve it. One opinion is that
once an Eigen model is operating it should be used in an advisory, rather than regulatory manner, and
that it could be modified in light of that experience (Vince Bidwell, then Senior Research Engineer,
Lincoln Environmental Research, Lincoln Ventures Ltd., personal communication, May 2007). |
concur with this opinion.
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In my opinion, the model is suitable as a resource management guide, not as a precise regulatory tool.
Even if it were to be used as a regulatory tool, the model could be revised promptly as more precise
inputs became available. The imprecision of the model does not invalidate the results, it simply makes
it necessary to observe caution, but not to the exclusion of management action.

5.7 Use of an Eigen model to predict naturalised flows in lowland
streams

Once an Eigen model has been calibrated against flows for the period prior to irrigation abstraction,
that is, against natural flows, the Eigen discharge model can be used to determine estimates of
naturalised flows for the remaining period by reversing the effects of irrigation abstraction on
groundwater levels and removing the irrigation effects on the magnitude of rainfall recharge.

The naturalised flows correspond with one of the the blue lines in Figure 5-1 and Figure 5-2 when
measured against the right hand axis. A straightforward algorithm reflecting the relative scales of the
two Y axes has been used to convert discharge to flow. The naturalisation process is a
straightforward re-scaling of the discharge model output against the calibrated flow for each river. In
effect the naturalised flows are the discharge model output for no abstraction when measured against
the right-hand axis of figures such as Figure 5-3.

A naturalised flow series has been modelled for each of the five lowland streams and these time
series data have been used by Clark (2011) to create naturalised flow statistics, and by Burrell (2011)
for ecological predictions.

Table 5-2 contains statistics for the lowland stream for which naturalised flows have been produced by
the Eigen model method. The term ‘naturalised’ in this context means what flows would have been
were there no groundwater abstractions from the catchment and are provided from (Clark 2011).

A significant observation to be made from comparison of the naturalised 7 day MALF and the current
minimum flow is that the latter are in all cases much lower.

Table 5-2: Naturalised flow statistics for lowland streams in the Te Waihora catchment

Stream Mean flow (L/s) | Median flow (L/s) | 7 day MALF (L/s) | Current minimum flow (L/s)
Halswell River 1034 972 819 350
LIl River 2245 2176 1832 1330
Selwyn River 3132 1278 719 600
Irwell River 1403 1275 881 300
Harts Creek 2166 1618 1376 1000

Some observers have thought that the imposition of the current minimum flows was trying to ‘turn the
clock back’, to achieve pre-irrigation flows. These statistics indicate that this is not the case, the
current minimum flows are in some cases half to a third of the original pre-irrigation 7 day MALF

values.

The current minimum flow values represent an acknowledgement of an altered environment.

5.8 Conclusions from the Eigen modelling

In conclusion, the Eigen discharge model is capable of simulating total discharge from an aquifer
system, for which surface discharge or groundwater levels are a measureable proxy. Changes to the
recharge — demand regime can result in changes to the discharge or groundwater level that may be
used as the basis of a water resource management tool. Furthermore, using the model outputs as
plotted in Appendix D, the model has been used to predict further decline in flows resulting from an
increase in the use of water from the current 40 to 50% up to a maximum of 100% by means of
continued conversion to dairy, or by consent transfer. These predicted flow series are detailed in
Clark (2011).
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6 Recharge-based management of groundwater

6.1 Introduction

Two recent reports have shown the potential for a recharge-based management mechanism for
allocating groundwater resources according to the state of the recharge record (Williams et al. 2008;
Williams and Gabites 2010). This section describes the potential use of an Eigen model to predict the
outcomes of management of allocation and for the prediction of naturalised flows.

In brief, the management of water abstraction (debits) is related to a measure of the recharge
accumulating in the aquifer system (income). Providing the recharge to the system is at or above the
long term mean then consented seasonal allocation can be met from the stored groundwater but
induces breaches of minimum flows in some lowland streams. Figure 3-4 showed that once the
recharge to the system is below the long term mean then consented seasonal allocation becomes
increasingly unlikely to be met from the stored groundwater and breaches of minimum flows are
common. This statement assumes that minimum flows have been set at the correct level, not so high
that breaches become inevitable, regardless of groundwater or surface water abstraction.

Modelling such as Williams et al. (2006) has shown that climate is the main driver of the changes in
stored groundwater, but abstraction during a dry year or succession of dry years produces an
additional burden on the system, lowering groundwater levels, and the corresponding flows in lowland
streams, to levels below their minimum flows.

6.2 Sub-division of catchment into management zones

A mechanism for managing the abstraction and use of groundwater resources, based on the
antecedent recharge, described in Williams et al. (2008) and Williams and Gabites (2010) showed
how reduction in water taken could produce raised flows in lowland streams for both the Rakaia-
Selwyn and Selwyn-Waimakariri groundwater allocation zones which constitute almost all of the Te
Waihora / Lake Ellesmere catchment. The reader is referred to these two documents for details on
the way in which the management mechanism could work.

A corresponding mechanism could be produced for a unified Te Waihora / Lake Ellesmere catchment.
In my opinion such a mechanism would be less effective and less equitable for the following reasons:

e Eigen modelling of the entire catchment includes some areas with very different land use
characteristics, with consequent very different water usages. Such a model would therefore
hide differences in flow and groundwater level response, would be harder to calibrate and
would likely produce less reliable predictions;

o The south-western corner of the R-S zone contains a surface water-sourced irrigation scheme
(Williams 2009a) that distorts the natural groundwater levels and down-gradient stream flows
from what they would be naturally. Combining this zone with the S-W zone is mixing different
recharge scenarios that cannot be readily accommodated within the modelling inputs.

I recommend that management of the two portions of the catchment be undertaken separately.
Although this may mean that some users on one side of the mutual boundary might be managed
slightly differently from those on the other side, the distinction will ultimately lead to a more effective
and efficient means of managing the resource to produce the desired environmental outcomes.

6.3 Use of an Eigen model to manage water abstraction to achieve
environmental outcomes

In Section 5, | showed how a calibrated Eigen model indicated that the water use scenario that best fit
the monitored flows was low, at times, and in some zones perhaps even as low as 40% for the area
consented to be irrigated.

This observation has significant ramifications for any water resource management mechanism
that aims to achieve environmental flow targets similar to those explained in Section
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The reason for this is due to:

o While some consented abstractors use all of their allocation when climatic conditions require,
other users abstract much less water than consented because they do not need it for the
reasons outlined in Section 3;

o Despite the observation that many users are not using their full allocation, monitoring of flows
shows that there is still an adverse effect on the flow regime of the lowland streams, as
described in Clark (2011). Eigen modelling has shown that the variation in flows and
groundwater levels cannot be ascribed solely to climatic variation;

e Were users, who did not wish to use their full allocation, to transfer their unwanted water to
users that could and did use it, the environmental effects would likely worsen considerably
from the status quo;

o If the 50% use of allocation scenario is largely correct, managing the resource by limiting
users to less than 50% of their allocation, to produce improved environmental outcomes,
would be preferentially punitive, and inequitable, on those that, by good management,
commonly use significantly more than this small fraction of their allocation;

It would appear that far more water has been allocated than is actually used. If this water were to be
used by existing or new consent holders, then the environmental effects in terms of declining flows
would worsen considerably over those already apparent, as shown in Figure 5-2.

For the five reasons just stated, | revise my previous opinion (Williams 2010) on the suitability of an
adaptive management for managing environmental effects.

Until users are allocated an annual water volume based on their documented history of
demand or need, an adaptive management mechanism as previously formulated by and fully
documented in Williams et al. (2008) and Williams and Gabites (2010) would work as long as
catchment-wide water use was reduced to less than 40%, but this would place an unequal and
unreasonable burden on those water users whose use patterns during times of strong demand
nearly match their consented allocation.

There appears to be a clear need for consented water use and allocation tailored to specific irrigated
area and crop type. One way in which this tailoring could occur is through a consent review.

Once demand-side management has been achieved, | recommend that an adaptive management
approach, being a fair mechanism for achieving environmental targets is used, perhaps in combination
with managed aquifer recharge (MAR), as explained and modelled in Section 7.

6.4 A proposed range of environmental outcome options

Until the publication of a report on technical aspects of water management in the Te Waihora / Lake
Ellesmere catchment (Williams 2010) there had been no documented attempt at producing
measureable environmental outcomes that might result from management of the entire water resource
in the catchment. In this section | show how these target options, when modified slightly, might be
achieved with different management scenarios. Based on the river flow and minimum flow breach
duration statistics described in the companion surface water report (Clark 2011), these target options
have been modified (Table 6-1).

Comparison of the six flow-duration options in Table 6-1 with the data provided in Clark (2011),
indicate that minimum flows are being breached for some streams on a relatively consistent basis.
The status quo is exemplified by options 3 to 6 in Table 6-1, depending on which river is being used as
an indicator.

For example, flows in the LII River, have breached minimum flows seven years in the last ten, but only
once in the preceding 16 years (Clarke 2011). Some of the years when no breaching of flows
occurred were among the wettest recorded (1993-7). Significantly, in recent years (e.g. 2009-10),
even though there has been more than average rainfall recharge, yet still the rivers drop below their
minimum flows.
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Option

Target

Minimum flow + 10% at
all times (e.g. 110% of
minimum flow)

Minimum flow at all

times

Minimum flow or more
for all but 30 days per
irrigation season

Minimum flow or more
for all but 60 days per
irrigation season

Minimum flow or more
for all but 90 days per
irrigation season

Minimum flow or more
for all but 120 days per
irrigation season

Increase in environmental gain, economic and

social hardship

Comments

Most onerous of management scenarios, maintaining more
than minimum flows, highly reduced availability of supply,
most environmental gain, most economic constraint

Onerous management scenario, maintaining minimum
flows at all times, reduced availability of supply, strong
environmental gain

Modest environmental gain, reduced availability of access
to water

Slight environmental gain, probable reduced availability of
access to water

Little environmental gain over the status quo

No environmental gain over the status quo, no economic
constraint

Table 6-1: Examples of environmental bottom line scenarios

Note 1: Options 1 through 6 become progressively less restrictive.

These target options will be described in a subsequent report using the actual monitored flows,
naturalised flows, and flows under increasing and decreasing intensification as documented in Clark

(2011).
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7 Modelling effects of managed aquifer recharge

7.1 Introduction

This section on the modelling of managed aquifer recharge has been included in the report simply to
demonstrate, from a technical standpoint, the potential for remediating flows in lowland streams.
Managed Aquifer Recharge (MAR) is simply another water management option that lends itself well to
Eigen discharge modelling.

Managed aquifer recharge or MAR is an accepted and successful means of providing additional,
targeted recharge to a groundwater system (Bower and Lindsey 2010). In the western United States,
the MAR concept goes back at least as far as 1965: “Some initial tests at artificially recharging the
gravel aquifers by placing excess surface water into gravel pits and onto unused gravelly fields have
reportedly helped raise temporarily the water level in wells of their vicinities. A comprehensive plan for
the systematic management of the old gravel as a water reservoir is an obvious need that will surely
come about ultimately. Such a comprehensive plan and systematic management will need to include
all phases of natural and artificial recharge in order to obtain maximum benefits from this important
natural water-storage facility.”(Newcomb 1965).

The Bower and Lindsey report uses the words of Peter F Drucker, the man who invented modern
management: “What you have to do and the way you have to do it is incredibly simple. Whether you
are willing to do it is another matter.” This section of the report illustrates how modelling can show the
potential results of managed aquifer recharge.

7.2 Recharge trials

In Canterbury, a number of recharge trials have been undertaken in Canterbury (Bird 1986; Moore
1992 & 1994; PDP 2007). The Levels Plains trial (Bird 1986) was modelled, and the West Melton Trial
(Moore 1994) described and quantified infiltration-related effects such as clogging.

A proposal for managed aquifer recharge on a scale similar to that envisaged in this report was
documented by SKM (2010). It proposed an array of over one hundred injection wells, not surface
infiltration pits.

7.3 Modelling MAR

This section provides some Eigen modelling to show how the MAR infiltration of water in one part of
the aquifer system can be manifest as an increase in flow in down-gradient lowland streams. In the
Eigen model, the initiation of modelled MAR started at the end of the 2000-01 irrigation season, in May
2001. The calibration of the discharge model indicated that an irrigation intensity of 50% for both the
Rakaia-Selwyn and Selwyn-Waimakariri zones is the closest match with pre-irrigation period
monitored flows. This 50% scenario model was used to determine the magnitude and timing of
increases in the discharge from the aquifer.

In the Rakaia-Selwyn Groundwater Allocation Zone (RSGAZ) a nominal 5 m®/s of surface water
sourced from the Rakaia River and distributed evenly for five winter months in the Inland sub-zone
(area = 54403 ha) by means of infiltration pits or wells, delivers the thickness equivalent of 24 mm of
recharge a month (Figure 7-1). The flow of 5 m®s was chosen simply as an indicator of the process.
The same exercise was modelled, with the infiltration being carried out in the mid plains zone (Figure
7-2) in order to illustrate the difference in timing between infiltration and response in the lowland
streams.

Similarly, for the Selwyn-Waimakariri Groundwater Allocation Zone (SWGAZ) a nominal 5 m¥s of
surface water sourced from the Waimakariri River and distributed evenly in the Inland sub-zone
(area = 35468 ha) by means of infiltration pits or wells, delivers the thickness equivalent of 36 mm of
recharge a month (Figure 7-3). The same exercise was modelled, with the infiltration being carried out
in the mid plains zone (Figure 7-4).

In the RSGAZ the effect of this additional recharge in the inland zone is modelled as an increase in
discharge in the lowland streams (from orange line up to brown line, indicated by double arrow). In
the case of Harts Creek, the discharge increases by about 200 L/s (Figure 7-1). The time taken for
the additional recharge to develop to its full extent is about a year. Note in Figure 7-1 that if Harts
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Creek flow were to increase by 200 L/s (pale blue line) it would have fallen below its minimum flow
(straight blue dashed line) less severely during the 2005-6 and 2007-8 and other irrigation seasons.
At all other times, at least the minimum flow is maintained. A similar increase in modelled flow is seen
to result from MAR in the Mid-plains sub-zone (Figure 7-2).

In the SWGAZ the effect of this additional recharge in the inland zone is modelled as an increase in
discharge in the lowland streams (from orange to brown line). In the case of the LIl River, the
discharge increases by about 200 L/s (Figure 7-3, indicated by double arrow).
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Figure 7-1: Effect of managed aquifer recharge on modelled discharge onto the Inland subzone
of the RSGAZ at a rate of 5 m?%s
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Figure 7-2: Effect of managed aquifer recharge on modelled discharge onto the Mid-plains
subzone of the RSGAZ at a rate of 5m%s

The time taken for the additional recharge to develop to its full extent is about a year. Note in Figure
7-3 that the two periods over which the LIl River (pale blue line) falls well below its minimum flow is for
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six months during the 2005-6 and 2007-8 irrigation seasons. At all other times, the minimum flow is
just maintained. With the addition of a MAR component to the model, the minimum flow would have

been breached in the 2005-6 season alone.
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The conclusions reached from the indicative modelling of MAR are:

That relatively modest infiltration rates in the order of 5 m%s in each of the R-S and S-W
zones, totalling 10 m®s, could result in measureable increases in flow in lowland streams
within two years;

Based on the calibration of the Eigen discharge model results with a 50% intensification and
80% net use efficiency, the median current overall annualised abstraction rate determined
from the CRC Consents database estimated annual volume of 396 GL is equivalent to a flow
of 5.0 m%s (Section 5.6.3). A MAR input of 10 m*s over five months could substantially
reverse the effects of current abstraction intensity;

That the modelled increase in flow, while seasonal when MAR is developed in the five winter
months over the Inland plains sub-zone and when infiltrated in the Mid-Plains sub-zone, the
additional flow resulting from MAR in the Inland zone occurs especially during the summer
irrigation period (refer to Figure 7-2 and Figure 7-3);

Inland infiltration at 5 m*/s has slightly more effect on the discharge than 5 m%s in the Mid-
Plains, mainly because the latter area is larger, so the effective recharge depth is the lesser of
the two;

If the same recharge depth is applied to the two zones (Inland and Mid-plains) independently,
then the difference in the discharge magnitude is not significant but the timing is, the Mid-
Plains recharge arrives at the discharge zone in advance of that from the Inland sub-zone
meaning that late winter to early summer flows are increased, at the expense of late summer
ones;

Although not obvious on the scale of the plots, the modelling outputs show that the greatest
difference between the results of infiltrating recharge in the two areas is evident in the late
summer period from February to April, corresponding with when the lowland streams are most
under stress.

32

Elemental Geoconsulting Technical Report



Modelling of stream discharge and groundwater levels in the Te Waihora / Lake
Ellesmere catchment

8 Conclusions and recommendations

8.1 Introduction

The section discusses some of the main conclusions reached during the foregoing sections, especially
the modelling. It also describes a Strengths-Weaknesses-Opportunities-Threats (SWOT) analysis of
the technical issues and how they might be addressed. The section also makes a number of
recommendations based on the technical analysis.

8.2 Discussion of conclusions reached from the modelling

The chief purpose of the analytical Eigen modelling of stream discharges and groundwater levels
under a series of different recharge and groundwater use scenarios was to provide a series of
naturalised flows for each of the five main lowland streams. Secondarily, the modelling also
determined the sensitivity of a series of environmental indicators, represented by flows in lowland
streams, to changes in the water balance represented by changes in the intensity of irrigation activity
within the current consented allocation.

It has been assumed that the Te Waihora / Lake Ellesmere catchment receives near-constant
recharge to the groundwater system from the bordering alpine rivers. Additional (enhanced) recharge,
sourced from rainfall, also increases, dependent upon the intensity of irrigation. This recharge is offset
by natural discharge to streams and under the coastline, and by groundwater abstraction.

The limited availability of metered water use data has meant that it is difficult to determine the
accuracy and precision of the modelled recharge and demand data. Only a small proportion of actual
usage data is of a quality and quantity to be helpful in the modelling of climate-driven demand. Much
of the demand is well below the expected climate-driven demand for the growing of grass for dairy
cows. This is to be expected given the degree of intensification to dairying seen in the catchment.
The current low level of intensification means either: that many irrigators are growing crops other than
grass, that need less water; or that water use is less because grass is not being irrigated to an
optimum level. Modelling based on 100% through to only 30% of expected demand has assessed the
effects of differing water use on rainfall-derived recharge, and on volumes of groundwater abstracted.
| have analysed forty sets of water metering data. The analysis indicates that most water users use
significantly less than the expected demand for growing grass as determined from NIWA climate data.
Some abstractors use less than half, with only a few users ranging up to about 80% of expected
demand. For areas where consented water users typically use only 50% of their expected demand,
this behaviour means that the soil is less wet than it would be under optimum grass-growing
conditions, and the resultant recharge to groundwater is less. Most users use less water than
expected and only a few of the water usage data sets analysed bear close resemblance to climatic-
driven demand. The causes of this disparity include the observation that a minority of irrigators are
growing grass, nor are irrigating their entire consented area.

My analysis of the relationship between recharge and demand shows, as documented in Williams et
al. (2008) that the coastal zone is highly dependent upon recharge from areas up-gradient. Inland
areas contribute less to the total zone demand than coastal and mid-plains areas, mainly because the
spatial distribution of consented irrigation indicates that proportionately less irrigation is practised
there. Were excess recharge from the Inland and Mid-plains zones not available through groundwater
flow (e.g., if Inland demand was to increase substantially), the existing demand in the Coastal zone
would be highly over-allocated. It is the dependence of the coastal zone on groundwater flow from up-
gradient that means that subdivision of the catchment into different management zones could
exacerbate current over-allocation issues. In contrast, the spatial differences in land use and
consequent demand pattern mean that it is appropriate to treat the two existing major sections of the
Te Waihora / Lake Ellesmere catchment as two distinct management units, the Rakaia-Selwyn and
Selwyn-Waimakariri zones.

The Eigen modelling undertaken for this report is reliant on the accuracy, precision, continuity and
length of data record, all of which impact on the reliability of the model produced. This report
describes improvements on the previous modelling by using additional monitoring data that have
become available, and improved modelled flow data where not. The imprecise nature of any model
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means that environmental consequences cannot be predicted with high precision, however, the
outcome of a model can be compared with monitoring results and management changes can be
made, if necessary. The Eigen model is capable of simulating total discharge from an aquifer system,
for which surface discharge is a measureable proxy. Changes to the recharge — demand regime can
result in changes to the discharge that may be used as a water resource management tool.

An improved relationship between modelled recharge, various scenarios of modelled demand, and
monitored groundwater levels and surface flows, indicates the following:

e The Eigen analytical model provides a reasonable fit between inputs to, outputs from, and
storage within the combined groundwater — surface water system, to the extent that
modelled removal of abstractions has produced a natural flow record and has demonstrated
the effects of irrigation on recharge, of abstraction on groundwater levels and flows, and
suggests effective ways in which the resource could be managed;

Many consent holders actually use only a relatively low percentage of their water allocation.
The calibrated Eigen model indicated that the water use scenario that best fit the monitored
flows was low, in the order of 40 to 50%, at times, and in some zones perhaps even as low
as 40% for the area consented to be irrigated,;

Eigen modelling recognises that the major environmental indicators are the flows in lowland
streams, and if these flows are maintained, then groundwater levels will also be managed
appropriately;

Seasonal restrictions on the allocation of water, based on a moving mean of recharge to the
groundwater system, can provide increases in surface flows and groundwater levels but
these increases take time to develop so are not always able to remediate summer lows
effectively and during the season that they are needed,;

Effective management of their allocation by seasonal restriction is not yet a suitable means of
alleviating the adverse effects of abstraction unless a review of consent holders’ allocation
aligns their current allocation to closely resemble their historical usage pattern;

The currently monitored effects on flows in lowland streams are probably resultant from only
about half the consented allocation being used. Were water consent transfers or some
other process leading to an increase in the intensity of agriculture in the catchment, such as
a general move to dairying, then the observed effects during drier periods, such as early this
century, would become more severe;

If the 50% use of allocation scenario suggested by modelling and meter records is largely
correct, managing the resource by limiting users to less than 50% of their allocation, to
produce improved environmental outcomes, would be preferentially punitive, and
inequitable, on those that, by good management, commonly use significantly more than this
fraction of their allocation. The Eigen modelling and analysis of water use data together
produce comparable estimates indicating that far more water has been allocated than is
actually used;

In light of this water use, managed aquifer recharge may be a more effective potential option
for restoring flows to the lowland streams both winter and summer. To indicate the likely
magnitude of effects to be gained from managed aquifer recharge, two variants have been
modelled, an inland infiltration basin model, which is more effective than a mid-plains model
at maintaining flows in the lowland streams during the summer season.

Statutory minimum (environmental) flows in the lowland streams have been breached on a regular
basis since records began. Analysis, not documented in this report, indicates that breaches are more
common during periods of lower rainfall recharge, compounded by the additional abstraction during
those periods. Some streams are more susceptible to these climate-driven flows than others.

Water use and the statistics of breaching of minimum flows in streams also both support continuation
of separately managing the Rakaia-Selwyn and Selwyn-Waimakariri zones that make up the Te
Waihora / Lake Ellesmere catchment. Although this may mean that some users on one side of the
mutual boundary might be managed slightly differently from those on the other side, the distinction will
ultimately lead to a more effective and efficient means of managing to produce the desired
environmental outcomes.
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The Eigen model analysis circumvents the uncertainties in water use by providing a number of
scenarios that encompass the most likely one and shows why Canterbury Regional Council needs to
know both water use and irrigated area if it is to manage water resources effectively. Were a type of
water rationing scheme developed, those users who use most or all of their allocation would be hit
hardest in comparison to those that traditionally use only a small amount of their allocation. Until
users are allocated an annual water volume based on their documented recent history of demand or
need, an adaptive management mechanism as previously formulated by and fully documented in
Williams et al. (2008) and Williams and Gabites (2010) would work as long as catchment-wide water
use was reduced to less than 40%, but this would place an unequal and unreasonable burden on
those heavy (dairy) water users. Were this review of actual water use data to take place, and the
consented allocation reduced for each individual where typical use was grossly under the allocation, it
would likely reduce the entire catchment consented allocation towards the current groundwater
allocation limit.

As a consequence, until consented water use and allocation tailored to specific irrigated area and crop
type becomes the norm, perhaps through a consent review, | recommend that instead of an adaptive
management approach, a fairer mechanism for achieving environmental targets is used, such as
managed aquifer recharge (MAR).

Modelling of MAR indicates:

e That even relatively modest infiltration rates in the order of 5 m?/s can result in measureable
increases in flow in lowland streams within two years;

e That the modelled increase in flow is not seasonal when MAR is developed over the Inland
plains sub-zone, but becomes slightly seasonal when infiltrated in the Mid-Plains sub-zone;

e Inland infiltration at 5 m%s has slightly more effect on the discharge than 5 m*/s in the Mid-
Plains, mainly because the latter area is larger, so the effective recharge depth is the lesser of
the two;

o If the same recharge depth is applied to the two zones independently, then the difference in
the discharge magnitude is not significant but the timing is, the Mid-Plains recharge arrives at
the discharge zone in advance of that from the inland sub-zone meaning that late winter to
early summer flows are increased, at the expense of late summer ones;

e Modelling outputs show that the greatest difference between the results of infiltrating recharge
in the two areas is evident in the late summer period from February to April, corresponding
with when the lowland streams are most under stress.

Although not documented in the body of the report, but contained in Appendix E, current models of
climate change indicate that for Canterbury, there is a likelihood of decreasing rainfall (<2.5%) and
increasing annual mean temperature (~0.9 °C) and evapotranspiration over the next 40 years at least.
This state could induce more water demand, depending upon when the rainfall eventuates. Modelled
seasonal variation in rainfall for New Zealand indicates that summer and autumn rainfalls may
increase, perhaps maintaining recharge in face of increased demand, while winter and spring rainfalls
are set to decrease, the winter one, quite substantially, by up to 10%. Winter rainfall is crucial to the
effective recharging of the aquifer system, and, if winter and spring rainfalls decline, then the stored
groundwater is likely to decline over the prediction period because summer and autumn rainfalls
usually only ‘top up’ the soil moisture, rather than producing recharge. The climate modelling data
indicate that increased summer demand coupled with less winter rainfall to top up the aquifers, there
is a likelihood of less groundwater stored, with consequent effects on the discharge to lowland
streams. A similar alert was documented in Section 5.8 of the Regional Policy Statement Officer
Report (O'Donnell 2007).

8.3 SWOT analysis

Table 8-1 is the SWOT analysis based on the data, analysis and conclusions reached in this report.
The table takes some of the issues identified in the previous discussion and indicates some of their
positive and negative aspects in a clearly visible format.
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Table 8-1: SWOT analysis of water management issues
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8.4 Recommendations

The following recommendations are made as a result of the technical issues relating to the analysis
and modelling of data undertaken for the writing of this report:

e Two strands of evidence indicate that many consent holders have been granted an allocation
far beyond actual need and as a result the allocation for that consent should be revised
downwards. It is recommended that antecedent water usage data is used to provide input into
the actual needs of a consent holder;

o Until the first recommendation is acted upon, managed aquifer recharge (MAR) is likely to be
a more effective mechanism for restoring the flows in lowland streams, until an adaptive
management mechanism can be instituted;
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e Management of the Rakaia-Selwyn and Selwyn-Waimakariri portions of the Te Waihora / Lake
Ellesmere catchment should be undertaken separately. Although this may mean that some
users on one side of the mutual boundary might be managed slightly differently from those on
the other side, the distinction will ultimately lead to a more effective and efficient means of
managing to produce the desired environmental outcomes.

Management methods to reduce the impact of abstractions on lowland streams include the following
which could be implemented individually, or in combination:

¢ Reduce consented allocation;
¢ Reduce seasonal allocation using a recharge-based adaptive management method;
e Mitigate the effects of abstraction on lowland streams by managed aquifer recharge.
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