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INTRODUCTION 

1. My name is Maurice John Duncan. I am a surface water hydrologist employed by 

the National Institute of Water and Atmospheric Research Ltd (NIWA) based in 

Christchurch.   

2. I hold the qualification of Master of Agricultural Science in Agricultural Engineering 

from Lincoln University. 

3. I have been employed by the National Institute of Water and Atmospheric Research 

and its predecessor organisations for 50 years. I am currently employed as a Senior 

Scientist in the field of surface water hydrology. My recent relevant experience is with 

hydrodynamic modelling, the effects of hydrological flow regimes on instream values 

and the effects of land-use change on hydrology. I have modelled the Rangitata, 

Waimakariri, Hurunui and Waiau Rivers in Canterbury, the Waiapu and Mata Rivers 

in Gisborne District the Manuherikia River in Central Otago, and I have derived 

relationships between flow and instream values for these rivers. In most cases the 

work has resulted in recommendations for minimum flows and allocations. I am a co-

author of “A guide to instream habitat survey methods and analysis” (Jowett et al. 

2008). 

4. I have previously presented evidence on the hydrology of Canterbury Rivers and on 

instream values for setting minimum flows and water allocations for those rivers. 

5. I also have 20 years’ experience of on-farm irrigation scheduling. 

6. I am a member of the New Zealand Hydrological Society, the New Zealand 

Freshwater Sciences Society, the New Zealand Institute of Agricultural Science and 

the New Zealand Soil Science Society.  

7. I am presenting this evidence for the Director-General of Conservation in relation to 

the proposed Plan Change 09 of the Bay of Plenty’s Regional Water and Land 

Plan. 

CODE OF CONDUCT 

8. I confirm that I have read the code of conduct for expert witnesses as contained in 

the Environment Court’s Practice Note 2014. I have complied with the practice note 

when preparing my written statement of evidence, and will do so when I give oral 

evidence before the Court.  

9. The data, information, facts and assumptions I have considered in forming my 

opinions are set out in my evidence to follow. The reasons for the opinions 

expressed are also set out in the evidence to follow. 
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10. Unless I state otherwise, this evidence is within my sphere of expertise and I have 

not omitted to consider material facts known to me that might alter or detract from 

the opinions that I express. 

SCOPE 

11. I have been asked to provide evidence in relation to: 

a. The default minimum flow. 

b. The need for partial restrictions or water use groups even in interim 

allocation systems. 

c. Hydrological definitions. 

d. Water use efficiency. 

e. Stream depleting groundwater. 

EXECUTIVE SUMMARY 

12. My evidence shows that the proposed interim minimum flow of 10% of the Q5 7d-

MALF is an extremely low flow, possibly around a 10-year low flow. Minimum 

flows for streams with mean flows less than 5 m3/s where studies to set minimum 

flows have been done elsewhere are close to 90% of the 7d-MALF and interim 

minimum flows should be set at this level. For rivers with mean flows greater than 

5 m3/s it is recommended that interim minimum flows be set at 80% of the 7d-

MALF. For spring-fed streams setting the minimum flow at 10% of the Q5 7d-

MALF could make the minimum flow approximate the lowest recorded flow and 

has the potential to have a significant impact on instream fish habitat.  

13. When flows approach the minimum flow plus the allocation it is more efficient to 

either have partial restrictions or flow management by user groups rather than 

applying a full restriction once the residual flow equals the minimum flow. 

14. I endorse the changes to hydrological definitions sought by the Director-General 

except for two definitions where I would recommend different wording. 

15. I endorse the reasonable and efficient use criteria supported by the Director-

General. But I would go further and suggest that the best management practice 

of using soil water levels to schedule irrigations be added to the efficient water 

use standards. 

16. The effects of groundwater takes depleting surface water need to be considered 

as part of the surface water allocation. 
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DEFAULT MINIMUM FLOW 

17. I have been asked to give evidence about interim minimum flows to be applied to 

all Bay of Plenty streams without specific plans. In this evidence I am considering 

primarily rivers with mean flows of less than 5 cubic meters per second (5 m3/s). 

It applies to both spring-fed and foothills-fed rivers which I treat separately in my 

evidence. 

18. In my evidence I will be addressing the minimum flows that would provide for the 

ecological values for which the Department of Conservation has responsibilities, 

including indigenous freshwater fisheries, recreational freshwater fisheries and 

freshwater fish habitats. However, I acknowledge that environmental flows also 

provide for recreational, cultural, amenity and natural character values. 

19. A minimum flow, in this context, is the lowest flow at which any abstraction is 

required to cease or be reduced. In simple terms, if no minimum flow is set then 

all the water in a stream might be abstracted, leaving the river bed dry and so 

providing no habitat for freshwater fish, other in-stream life, and river bed birds, 

and leaving no water for other values, stock or fire-fighting. 

20.  An environmental flow regime consists of a minimum flow and an allocation. Plan 

Change 09 (taking into account the recommendations in the s 42A report) provides 

for an interim allocation of 10% of the Q5 7d-MALF for the primary allocation and 

up to 40% of the Q5 7d-MALF for the secondary allocation which I understand 

applies only to rivers with mean flows greater than 5 m3/s. In my opinion, allocations 

of these levels are unlikely to compromise ecological and other values. However, 

I am concerned that the interim minimum flow could compromise ecological values 

and the issue of minimum flows is addressed below. (The Q5 7d-MALF is the 

moving average 7 consecutive day low flow that will occur on average once every 

5 years). 

Relevant considerations for setting a default minimum flow 

21. Minimum flows influence the habitat of fish and invertebrates in Bay of Plenty 

streams including longfin eel, shortfin eel common bully, redfin bully, rainbow 

brown trout, and mayfly nymphs. There are 16 other native freshwater fish, 10 of 

which are either at risk or threatened (see the evidence of Dr Drinan). 

22. For those species, what is important is the way that the amount of physical 

habitat changes with reductions on flow. In-stream habitat for most invertebrate 

and fish species declines rapidly as flows decline below the 7d-MALF in small 

rivers. 
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23. In addition to maintaining sufficient naturally occurring physical habitat for most 

species, particularly those species that are nationally critical, endangered or 

vulnerable, there are three factors that are relevant in determining a minimum 

flow, as follows. 

24. The minimum flow required to keep a river mouth open, which is important for 

diadromous fish seeking to migrate from sea to the river; 

25. The minimum flows that allow sufficient water depth for passage of trout over all 

downstream locations. Some rivers loose water to the groundwater downstream 

of the minimum flow site.  So, the minimum flow needs to be set at a level that 

allows trout passage throughout the river. Minimum flow sites are positioned 

where it is practical measure the flow and are ideally positioned is upstream of 

abstraction sites, but that may be upstream of reaches where there are losses to 

groundwater. 

26. Because spring-fed rivers have a low natural flow variability they may need 

different minimum flow criteria to keep residual flows (those left in the river) within 

the historical range of flows. With spring-fed streams a flow of 90% of the Q5 7d-

MALF would provide flows similar to the lowest recorded flow. For example, for 

the spring-fed Pongakawa River at Old Coach Road, the lowest recorded flow is 

3.82 m3/s for the 8 years of record, and the 7d-MALF is 4.35 m3/s. 90% of the 7d-

MALF flow is 3.91 m3/s. 90% of the Q5 7d-MALF flow is 3.71 m3/s. This flow is 

lower than the Q10 7d-MALF (3.93 m3/s) and the lowest recorded flow. Such low 

flows could compromise instream habitat, so different, i.e., higher, minimum flow 

criteria should be applied to spring (and lake-fed) rivers. 

Historical flow methods 

27. Minimum flow regimes can be determined by prescribing a proportion of measured 

natural flows. This method is known as an “historical flow method” and applies to 

the minimum flow proposed by Bay of Plenty Regional Council.  

28. Generally, the aim of an historical flow method is to set a minimum flow which is 

within the observed historical flow range, to avoid a flow regime which deviates 

largely from the natural flow regime. It is assumed that the ecosystem is adapted 

to the natural flow regime and that a reduction in flow which deviates too much 

from the natural regime will cause degradation in the biological state of the river 

(Richter 2010). 

29. In 2008 the Ministry for the Environment (MfE) prepared a proposed National 

Environmental Standard on Ecological Flows and Water Level (NES) which, for 
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rivers and streams with mean flows less than or equal to 5 m3/s (cubic metres per 

second, or cumecs), specified minimum flows at 90% of the mean annual (seven-

day) low flow (7d-MALF) in the absence of existing minimum flows (MfE 2008). For 

rivers with mean flows greater than 5 m3/s the minimum flow proposed was 80% 

of the 7d-MALF. While this is another rule of thumb method it has had input, 

including peer review, from 24 leading scientists and administrators from regional 

councils, environmental organisations, recreationalists, water users, government 

departments, tangata whenua and environmental scientists (MfE 2008). Thus, in 

my opinion, it was a very well-considered proposal  

30. In my opinion, setting minimum flows at 90% 7d-MALF, consistent with the 

proposed NES, would be appropriate because that would avoid adverse effects 

on ecological values. I understand that the interim limits (thresholds) set by BOP 

may be later refined by plan changes under Policy 1 and 2. 

31. In setting an interim minimum flow it is advisable to have a conservative minimum 

flow using the precautionary principle because once a minimum flow and 

allocation have been written into a resource consent it is difficult to reverse the 

consent, even if subsequent studies on the river show that a higher minimum flow 

is required to provide for the environmental and other values detailed in 

paragraph 21. I understand that consents can be reviewed under RMA s 128, but 

this option is used infrequently by Regional Councils. 

32. The Tuapiro River can be used as an example of the type of small river to which 

the proposed NES was intended to apply. It is a typical foothills-fed river with a 

mean flow of less than 5 m3/s. 

33. I have chosen that river as an example to illustrate how different flow regimes 

would apply because there are good data available as that river has been 

monitored for 20 years.   

34. Data for the Tuapiro River from 1985 and 2000 show that the river has a 

recorded mean flow of 1.88 m3/s and the 7d-MALF is 0.375 m3/s. The proposed 

NES minimum flow, at 90% of 7d-MALF, equates to a flow of 0.338 m3/s. The Q5 

7d-MALF is 0.331 m3/s and for the proposed in Plan Change 09 the minimum 

flow would be 0.298 m3/s. 

35. If it applied to the Tuapiro River, the default 90% of the Q5 7d-MALF regime in 

Plan Change 09 would set a minimum flow which is significantly lower (12%) than 

the proposed NES recommended minimum flow.   
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36. Figure 1 on the next page illustrates the flow levels I have discussed in relation to 

the Tuapiro River at Woodland, and the significant difference in flow levels that 

would apply between 90% of 7d-MALF and 90% of Q5 7d-MALF. 

37. I have not been able to get access to minimum flow data for Bay of Plenty Rivers, 

but I believe it would be useful to look at the relationship between various low 

flow statistics and the minimum flows set for small Canterbury Rivers to see if 

that would provide guidance as to an appropriate interim minimum flow. Most of 

the Canterbury Rivers are listed are small gravel bed rivers that should have 

similar morphology, that dictates instream habitat, to Bay of Plenty Rivers 

38. Canterbury Regional Council (CRC) has analysed the frequency of naturally 

occurring low flows for long term sites with flows less than 5 m3/s, as shown in 

Table 1 below. I have compared that data with the approximate return periods for 

minimum flows of 90% of Q5 7d-MALF in the last column of Table 1 (paragraph 

44). Table 1 shows that, at all the sites monitored, the return periods of minimum 

flows defined by 90% of Q5 7d-MALF are on 10 years on average.  
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Figure 1. Flow statistics for the Tuapiro River at Woodland 
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39. Table 1. Return period estimates for minimum flows at 90% Q5 7d-MALF for 

long term CRC sites with mean flows less than 5 m3/s. 

   7-day low flow   

River  Site 
7d-

MALF 
5 year 

 10 
year 

 100 
year 

Plan Chg 
9  

Return  

     return return  return minimum Period of  

     period period period  Plan 
Chg, 9 

  (m3/s) (m3/s) (m3/s) (m3/s) (m3/s) minimum 

                

Rosy Morn Weir 0.0034 0.0026 0.0023 0.0016 0.002 >10 y 

Huka Huka Lathams Rd 0.033 0.0218 0.02 0.016 0.020 10 y 

Rocky Gully Rockburn 0.077 0.064 0.059 0.05 0.058 10 y  

Maryburn 
Mt 
MacDonald 0.278 0.228 0.209 0.172 0.205 ~10 y  

Kaituna 
Kaituna Vly 
Rd 0.031 0.015 0.010 0.0025 0.014 ~5 y 

Heathcote Buxton Tce 0.535 0.461 0.429 0.358 0.415 > 10 y  

Cust Threlkelds Rd 0.325 0.183 0.147 0.089 0.165 > 5 y 

Avon Gloucester St 1.389 1.248 1.215 1.153 1.123 > 100 y 

Bealey Arthurs Pass 0.51 0.42 0.38 0.31 0.377 > 10 y  

Waipara White Gorge 0.102 0.049 0.037 0.019 0.044 > 5 y 

Maerewhenua Kellys Gully 0.61 0.43 0.38 0.28 0.389 < 10y 

Selwyn Coes Ford 0.562 0.316 0.205 0.107 0.284 > 5 y 

Selwyn Whitecliffs 0.782 0.616 0.575 0.497 0.554 > 10 y 

Forks Balmoral 1.262 1.040 0.965 0.818 0.936 > 10 y  

Pareora Huts 0.498 0.340 0.309 0.259 0.306 > 10 y 

Waihao McCullochs 0.347 0.207 0.170 0.109 0.186 ~ 10 y 

Tengawai Picnic Gds 0.562 0.291 0.251 0.189 0.262 < 10 y 

Ashley Lees Valley 0.747 0.559 0.497 0.385 0.503 < 10 y 

Okuku Fox Creek 0.55 0.402 0.325 0.17 0.362 < 10 y 

                

 

40. These data confirm that, under a regime that sets the interim minimum flow at 

90% of the Q5 7d-MALF, at every site monitored, flows could be consistently 

reduced to or below levels that would be experienced during a 10-year drought. 

In my opinion these return periods indicate that a minimum flow of 90% of Q5 7d-

MALF is too low in comparison with the historical flow record. 

Comparison with current minimum flows 

41. Using sites for which CRC keeps data I have obtained long term flow statistics for 

sites with mean flows less than 5 m3/s and which have been allotted minimum 

flows. I then calculated the minimum flow as a percentage of the 7d-MALF. The 

results are shown in Table 2. The righthand column presents the minimum flows 

as a percentage of the 7d-MALF flows. The data show: 
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a. Only three rivers out of 13 have minimum flows less than 50% 7d-

MALF. 

b. Six of the rivers have minimum flows greater than 90% 7d-MALF 

and two more have minimum flows very close to that standard. 

c. The mean minimum flow is 91% of the 7d-MALF. 

d. The predominantly spring-fed streams (Avon and Forks) Have a 

minimum flow averaging 90% of 7d-MALF. 

42. Table 2. Comparison of 7d-MALF Flows and prescribed minimum flows for 

CRC long term flow sites 

 

          Restriction  

   Mean 7DMALF Minimum as % of 

River Site flow  flow 7DMALF 

  (m3/s) (m3/s) (m3/s) (%) 

            

Avon Gloucester St 1.8 1.389 1.29 93 

Forks  Balmoral 3.2 1.262 1.100 87 

Cust  Threlkelds Rd 1.5 0.325 0.614 189 

Maerewhenua  Kellys Gully 2.8 0.61 0.60 98 

Selwyn  Coes Ford 3 0.562 0.600 107 

Selwyn  Whitecliffs 3.2 0.782 0.550 70 

Okuku  Fox Creek 4.4 0.55 0.535 97 

Waihao  McCullochs 3.5 0.347 0.600 173 

Tengawai  Picnic Gds 3.8 0.562 0.500 89 

Pareora  Huts 3.5 0.498 0.290 58 

Omarama 
 Above Tara 
Hills 1.5 0.521 0.250 48 

Waipara Teviotdale  0.425 0.11 26 

Waipara  White Gorge 2.8 0.102 0.05 49 

      

   Mean (all) 91 

            

 

43. Given that most of these sites had minimum flows determined after instream flow 

assessment (Jowett et al. 2008) and were an average of 91% of the 7d-MALF, it 

seems incongruous that interim minimum flow should be 90% of the Q5 7d-

MALF. Setting the interim minimum flow for Bay of Plenty rivers at 90% of the 7d 

MALF would be consistent with minimum flows set in Canterbury. 
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THE NEED FOR PARTIAL RESTRICTIONS OR WATER USE GROUPS EVEN IN 

INTERIM ALLOCATION SYSTEMS. 

44. There is an issue when the residual flow approaches or reaches the minimum 

flow. At the minimum flow, abstraction should cease resulting in an increase in 

the flow above the minimum when abstraction can recommence resulting a 

reduction in flow to below the minimum and so on. This has been called the yo-yo 

effect. The overall result is that some water that would otherwise be abstracted 

remains in the river to the frustration of the abstractors. 

45. There are two common ways to manage this issue: 

a. Flow sharing. When the flow approaches the minimum plus allocation the 

allocation is split with a proportion of the flow above minimum (e.g., half) 

being available for abstraction and the remainder left in the river. As flows 

reduce towards the minimum flow each share reduces. The disadvantage 

of this method is that some allocated water remains in the river. 

b. Water use groups. In this case the abstractors decide among themselves 

who will get water and when they will get it and they manage abstraction 

so as avoid breaching the minimum flow. The advantage of this method is 

that there is potential to abstract the allocation remaining above the 

minimum flow. 

HYDROLOGICAL DEFINITIONS 

46. I support the definition changes sought in the Director-General’s submission 

except for that for channel forming flows and the 7-day mean annual low flow. 

47. Channel forming flow. I am not comfortable with it being defined as the 1% 

exceedance flow. Studies have shown that the channel forming flow is most 

usually between the mean annual flood and the 5-year average annual return 

period flood (Q5) (Copeland et al. 2000). In the case of the Waipapa River at 

Woodlands Road, the 1% exceedance flow is 4.71 m3/s whereas the mean 

annual flood is 24.9 m3/s. In my opinion it would be more appropriate (i.e., in line 

with published work) to define the channel forming flow as the mean annual 

flood. 

48. 7-day mean annual low flow. This statistic is normally calculated using a 7-day 

moving mean on the instantaneous hydrological record, resulting in the seven-

day period rarely starting at midnight. So, the definition needs to include this 

concept by adding “moving” to the definition in the Director-General’s submission 

between “lowest” and “average”. 
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49. The Q5 7-day low flow may be defined as the 7d-MALF with an average return 

period of 5 years or an annual exceedance probability of 0.2 – these two 

descriptions are equivalent. 

REASONABLE AND EFFICIENT USE CRITERIA 

50. I support the Director-General’s submission on reasonable and efficient use 

criteria. 

51. My experience of irrigation scheduling and research on irrigation applications 

leads me to conclude that where sufficient water is available farmers tend to over 

irrigate resulting in excessive drainage, nutrient loss to ground water, and lower 

production. So even if an application efficiency of 80% were obtained, if too much 

water were applied, too often, then a lot of water could be wasted (i.e., not used 

most efficiently). The best management practice is to have irrigation scheduling 

based on soil water levels, rather than having a set rotation or some other 

method. 

STREAM DEPLETING GROUNDWATER 

52. Where groundwater abstractions deplete water in streams and rivers they need 

to be managed as if the abstractions were directly from the stream as they have 

the same effect on stream flows as direct abstraction to some degree. Some 

groundwater abstractions have more effect on stream flow than others so there is 

need to define high medium and low connections between the abstraction and 

the river, so the degree of connection can be considered when assessing the 

effect of the groundwater abstraction on the stream and level of allocation. 

53. If no account of ground water depletion of streams was considered then the 

abstraction allocation from the stream may be exceeded. Depending on the 

relationship between the minimum flow site and the groundwater abstraction 

location, either surface water abstractors might have to cease abstraction earlier 

where the groundwater abstraction took place upstream, or the flow would fall 

below the minimum flow with resulting environmental harm where the abstraction 

is downstream of the minimum flow site. 

CONCLUSION 

54. The abstraction levels, in themselves, proposed in Plan Change 9 are unlikely to 

result in environmental concerns. 

55. The proposed minimum flow of 10% of the Q5 7d-MALF would result in extreme 

low flows that are much lower than minimum flows set on rivers where they have 
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been set using predominantly instream flow methods. An interim conservative 

minimum flow of 90% of the 7d-MALF as proposed by the NES would be good 

practice as that is the recommendation from a panel of experts, until the minimum 

flow is refined by plan changes under Policy 1 and 2. 

56. Flow sharing, or control by user groups, of abstractions when the minimum flow is 

being approached would in my opinion be a better way of managing abstractions 

than abrupt cuts when the minimum flow is reached. 

57. I am largely supportive of the Director-General’s submissions on hydrological 

definitions and efficient use criteria. About the latter I would like to see irrigation 

scheduling based on soil water levels. 

58. The effects of stream flow depleting groundwater takes need to be considered in 

the total allocation. 

 

 

Maurice John Duncan 

8 March 2018 
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