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MEMORANDUM 
 

To: Councillors  

Strategy, Policy and Planning Committee 

From:  Date: 14 February 2013 

 

File Ref: 4.000867, 8.00139 

Subject: Trophic Level Indices for Rotorua Lakes 

 
 

1 Purpose 

The purpose of this memo is to present findings on how the Trophic Level Indices (TLIs) for the 

Rotorua lakes were developed for inclusion in the Regional Water and Land Plan and how these 

relate to historical water quality. 

2 Background 

In the Strategy, Policy and Planning Committee meeting on the 27th November 2012, during the 

discussion around the update for the Lake Rerewhakaaitu nutrients and action plan status, a 

Councillor asked staff to report back on where the Trophic Level Indices for the Rotorua Lakes came 

from. 

3 Discussion 

TLI targets for Rotorua/Te Arawa lakes were included in the proposed Regional Water and Land Plan. 

The statutory consultation process for the Proposed Regional Water and Land Plan occurred between 

2002 and 2004.  

These target lake water quality levels reflect a desired water quality agreed through the public 

consultation process.  The Council has twice consulted with the public on the desired levels for the 

six lakes1 in the Tarawara River catchment – the first public consultation related to the Regional 

Tarawera Regional Catchment Plan in 1994, and the second consultation related to the Draft 

Regional Water and Land Plan in 2000/2001. The full history of setting TLIs is provided in Section 4. 

Since the early 2000s, the use of TLIs has been considered ‘best practice’ for measuring lake water 

quality.  Even then, there were criticisms about using TLI as the triggering point for water quality 

management (as commented in submissions on the Proposed Water and Land Plan, further 

submissions and appeals).  The TLI and Lake Submerged Plant Indicators (LakeSPI), however, were 

and still are the most practical indicators available (and recognised by the Ministry for the 

Environment).  

 
1 That includes Lake Tarawera, Lake Rotokakahi (green Lake), Lake Okareka, Lake Tikitapu (Blue Lake), Lake Ōkataina 
and Lake Rotomahana but excludes Lake Okaro. 



The Proposed Regional Water and Land Plan based the Objective 11 TLIs for most lakes on the 1994 

water quality level (particularly the six lakes in the Tarawera catchment); additional improvement 

was asked for the supertrophic Lake Ōkaro, and eutrophic Lake Rotorua and Lake Rotoehu. Council 

scientists also considered conditions and characteristics for each lake (such as different lake 

behaviours between a large lake like Lake Rotorua and a small lake like Rerewhakaaitu, see Table One 

for a simple lake characteristics comparison) and suggested the target water quality levels.  Council’s 

Science Manager at the time undertook the assessment and made the TLI recommendations. Table 

Two shows how the lake TLIs in Objective 11 compared to and their TLI levels in 1994.  

Table One  Comparing some basic physical characteristics2 between Lake Rotorua and Lake 

Rerewhakaaitu as examples of different lake conditions: 

Physical characteristics Lake Rotorua  Lake Rerewhakaaitu 

Lake size:  8,060 ha 530 ha 

Catchment area: 50,060 ha 5,290 ha 

Average depth: 11 m 7 m 

Deepest point: 45 m 15 m 

Formed: 140,000 years ago 700 years ago 

Table Two  Comparing the TLIs in Objective 11 in the Regional Water and Land Plan to the historical TLI 

levels in 19943 (Bold underline font indicate the initial lakes TLI calculated in 20014): 

Lake TLI in Objective 11  

and its explanation in the  

Regional Water and Land Plan 

July 1993/  

June 1994  

TLI average 

July 1994 / 

 June 1995  

TLI 

average 

Three-

yearly 

annual 

average 

TLI in 

1994 

Comparing 

TLI in 

Objective 11 

to the 1994 

level 

  Lake Ōkāreka 3.0 2.97 
2.89 

3.20 
3.17 

-- Same level 
Level in 1994. Part of the Tarawera catchment 

Lake Ōkataina 2.6 2.60 
2.61 

2.56 
2.52 

-- Same level 

Level in 1994, which has been unchanged 

 Lake Rotoiti 3.5 3.81 

3.73 

3.75 

3.68 

-- More 

stringent 
(see Table Three) 

Level in 1994. Relates to the year of notification of 

the Regional Plan for the Tarawera River Catchment 

Lake Rerewhakaatiu 3.6 
3.16 

3.15 

3.33 

3.26 
3.2 

More lenient 
(see Table Three) 

Level in 1994. Note: Environment Bay of Plenty has been 

working within Rerewhakaaitu catchment due to concern 

about lake water quality degradation. However, this seems 

to be in relation to natural lake water level changes. 

 Lake Rotokakahi 3.1 3.12 
3.09* 

3.35 
3.27* 

-- Same level 
Level in 1994, which has been unchanged 

 
2 Data extracted from page 9 and 27 of the “State of the Rotorua/Te Arawa Lakes 2009-2010” 
3 Data extracted from Table 3.1 and Appendix 1 of 2010/2011 Rotorua Trophic Level Index Update. Explanation 
extracted from the Explanation section of the Operative Regional Water and Land Plan. 
4 Data extracted from Burns, N. (2001) Trophic Level Index Baselines and Trends for 12 Rotorua District Lakes, 1990 to 
2000, Lakes Consulting, prepared for Bay of Plenty Regional Council 



Lake TLI in Objective 11  

and its explanation in the  

Regional Water and Land Plan 

July 1993/  

June 1994  

TLI average 

July 1994 / 

 June 1995  

TLI 

average 

Three-

yearly 

annual 

average 

TLI in 

1994 

Comparing 

TLI in 

Objective 11 

to the 1994 

level 

Lake Rotomā 2.3 2.26 

2.20 

2.32 
2.26 

-- Same level 

Level in 1994, which has been unchanged 

Lake Rotomahana 3.9 -- 

3.88 

3.82 

3.83 

3.9 Same level 

Level in 1994, which has been slightly 

higher than current [to 2007] water quality 

Lake Tarawera 2.6 2.82 

-- 

2.62 

2.67 

2.8 More 

stringent 
(see Table Three) 

Level in 1994, which is slightly lower than current 

[to 2007] water quality – not sufficient to take 

regulatory action, and may be part of a natural cycle 

Lake Tikitapu 2.7 2.71 

2.67 

2.65 

2.62 

-- Same level 

Level in 1994, which is slightly lower than current [to 2007] 

water quality – not sufficient to take regulatory action 

The following lakes’ TLI are not set at the 1994 level. They are here for comparison purpose 

Lake Ōkaro 5.0 
(see Table Four) 

5.46 
5.39 

5.53 
5.47 

5.5 See Table 
Four 

Lake Rotorua 4.2 
(see Table Four) 

4.89 
4.84 

4.57 
4.61 

4.7 See Table 
Four 

Lake Rotoehu 3.9 
(see Table Four) 

4.73 
4.70 

4.85 
4.81 

4.5 See Table 
Four 

*Data from Te Wairoa Stream, the Lake Rotokakahi outlet. Published in Rotorua Lakes Water Quality Report 2009. 

The Regional Water and Land Plan (section 3.5 Para 6) outlines an explanation of the TLIs.  The Plan 

does not provide any detailed explanation for the variations in how the TLI target were set.  An 

assessment of alternative TLIs and a detailed cost/benefit analysis were not provided at the time of 

the Plan development. Staff have researched the matter of how the TLIs were set including advice on 

the background to the recommended TLIs in 2001. Table Three outlines the likely explanations of 

variations where the Lake TLIs were not exactly the same as the 1994 level. 

Table Three  The likely reasons for variations to other lakes’ 1994 level: 

Lake TLI in Objective 11 Likely explanation 

Lake Rotoiti 3.5 
Lake Rotoiti’s objective TLI has been set lower than 1994 
average to discount the influence of Lake Rotorua 

Lake Rerewhakaaitu 3.6 

Lake Rerewhakaaitu’s objective TLI was difficult to set as it 
fluctuated over time. The TLI has accounted for this high level 
of TLI fluctuations.  Around 2001, declining water quality in Lake 
Rerewhakaaitu was seen to be largely (but not solely) related to 
lake water level fluctuations 

Lake Tarawera 2.6 

Lake Tarawera’s objective TLI is set similar to the water quality 
levels observed in 1994/1995 and 1995/1996.  The data 
collected in Lake Tarawera previous to July 1994 were 
considered insufficient and open to higher statistical error. 



Table Four  Lakes which its Objective 11 targets are not set at 1994 level in the Water and Land Plan: 

Lake TLI in Objective 
11 

Explanation in the  
Regional Water and Land Plan 

Comments 

Lake Okaro 5.0 
Set at a realistic level that is lower 
that current TLI (i.e. to improve 
lake water quality 

Since trophic level monitoring started in 
1991, this TLI target (5.0) has achieved once 
in 2009/2010 when the TLI level was 4.7 

Lake Rotorua 4.2 

Level set in relation to the removal 
of sewage from the lake. When the 
Rotorua city sewage discharge was 
moved to land disposal, water 
quality expectations for the lake 
were stated in documents 
associated with the consent5 

The water quality in Lake Rotorua has 
observed a steady deterioration from 1976 
caused by city sewage treatment discharge, 
which caused a widespread public concern. 
Studies and communities suggested 
restoring lake conditions to the level prior to 
sewage treatment discharge, which is similar 
to the level in the 1960s5 

Lake Rotoehu 3.9 
Set at a level that equates to the 
last ‘good’ year for water quality in 
the lake – 1992/1993 

TLI 3.9 was the TLI average for July 1990 to 
June 1991 period6 
The TLI set at the medium values at three 
‘good’ years before blue-green algal blooms 
commenced7. 

In 2002/2003, the formal public submissions on the Proposed Regional Water and Land Plan showed 

a majority support (seven out of 11) for keeping the proposed (publicly notified) lake trophic level 

indices.   The Hearing Panel and Council’s decisions also supported the TLI objectives as it is in the 

proposed plan. 

The TLIs in Objective 11 in the Operative Regional Water and Land Plan represent the targets agreed 

through the Resource Management Act plan preparation process between 2001 and 2008.  Our 

knowledge of the lakes and their catchments has improved, and a lot of actions have already been 

implemented to improve water quality by the Lakes Partners and communities.  

We recognise that TLI targets need to remain relevant and reflect current community values, the 

ability to achieve targets and economic reality. The Regional Water and Land Plan, including the TLI 

targets, are required to be reviewed before 2018.  

 
5 When the Rotorua city sewage discharge was moved to land disposal, water quality expectations for the lake were 
stated in documents associated with the consent. That target was for Lake Rotorua's water quality to be similar to its 
1960s' water quality. The sustainable nitrogen load to achieve that water quality was described in a paper published in 
1989 (see Appendix Five for its abstract). The target trophic level corresponded the sustainable nitrogen load was 
confirmed in a paper Lake Rotorua Nutrient Load Targets (Rutherford, K., 2003) and further confirmed in a subsequent 
paper Nutrient load targets for Lake Rotorua - a revisit (Rutherford, K., 2008) 
6 Data extracted from Burns, N. (2001) Trophic Level Index Baselines and Trends for 12 Rotorua District Lakes, 1990 to 
2000, Lakes Consulting, prepared for Bay of Plenty Regional Council 
7 Explanation extracted from Schedule 7 of the Draft Regional Water and Land Plan – see Appendix Two. 



4 The history of setting lakes’ TLI in the Regional Plan 

4.1 Lakes water quality target setting history summary table 

Table Five Summary of the Rotorua Lakes water quality targets considered in the planning process: 

Lake Early planning 
Regional Water and Land Plan 

(Explanation of TLI in Objective 11) 

Lake Ōkāreka Level in 1994 Level in 1994 

Lake Rotokakahi Level in 1994 Level in 1994 

Lake Rotomahana Level in 1994 Level in 1994 

Lake Tarawera Level in 1994 Level in 1994* 

Lake Tikitapu Level in 1994 Level in 1994 

Lake Ōkataina Level in 1994 Level in 1994 

Lake Rotomā Level in 1994 Level in 1994 

Lake Rotoehu Level in 1990 Level in 1992/ 1993** 

Lake Rerewhakaaitu Level in 1998 Level in 1994*** 

Lake Rotorua Level in 1998 Prior to sewage treatment discharge**** 

Lake Rotoiti Level in 1998 Level in 1994***** 

Lake Ōkaro -- A realistic level******* 

* The TLI in Objective 11 matches the actual level in 1994/1995 
** The TLI in Objective 11 matches the actual level in 1990/1991 
*** The TLI in Objective 11 matches the actual level in 1990/1991 
**** The TLI in Objective 11 matches the expected level in 1960s 
***** The TLI in Objective 11 matches the expected level in 1970s 
****** The TLI in Objective 11 was achieved once in 2009/2010. 
 

4.2 The history of Lakes TLI origins and the target setting process 

From 1993 to 1999, the Regional Council planned to develop a range of Regional Plans; including the 

Regional Tarawera River Catchment Plan (RTRC Plan).  

In 1994, when the Council was consulting on the RTRC Plan, the community said they wanted the 

water quality to stay as it was.  This concept is also partly based on a 1993 report8 identifying key 

sources of nutrients input to 14 lakes in Rotorua. That report identified that the present (1993) water 

quality should be maintained.  

 
8 Sigma Consultants, NIWA, Bioresearches Ltd and NZFRI, June 1993. Report on Rural land Use Practices in the Rotorua 
District. Report prepared for Rotorua District Council. In that report, the report noted that Rerewhakaaitu is a difficult 
lake to characterise in terms of its trophic status. See Appendix Three for its summary for Lake Rerewhakaaitu.   



To reflect the communities’ desires, the RTRC requires the water quality of lakes in the Tarawera 

River catchment9 remain at the 1994 standard. The Regional Water and Land Plan (initiated in 

199810) covered the rest of the lakes (Lake Rotorua, Rotoiti, Rotomā, Rotoehu, Rerewhakaaitu and 

Ōkaro).  

The early draft of the Regional Water Plan (March 1999, version 1.3, background information 

missing), suggested establishing the natural state water quality classification at the following levels: 

• Lake Rotorua –  1998 

• Lake Rotoiti –  1998 

• Lake Rerewhakaaitu –  1998 

• Lake Rotomā –  1994 

• Lake Rotoehu –  1990. 

We had difficulties in finding the reasons why these levels were proposed in the archived documents.  

Meanwhile (1999-2000), the Rotorua Te Arawa Lakes Strategy Group11 (the Group) was developing 

“A Strategy for lakes in the Rotorua district” (a strategy published August 2000). At the time, the lack 

of clear lake water quality standards was an issue faced by the Group.  The challenge was evident in 

its Strategy, which stated that “we consider defining and refining water quality standards critical to 

assess future discharges and to determine performance criteria, benefits and costs for upgrading 

current activities”. One of the key goals in the Strategy was to “define water quality standards”. 

In late 200012, Trophic Level Indices for Rotorua lakes between 1990 and 2000 were developed in 

retrospect.  The Council first commissioned Noel Burns of Lakes Consultancy (August 2000) to 

develop the historical trophic level index values for six Rotorua District lakes (Lake Rotoehu, 

Tarawera, Ōkāreka, Rotokakahi, Rotomahana and Tikitapu).  Later in May 2001, the same consultant 

developed the trophic level index values for all twelve Rotorua District lakes.   

In the same year, the Council released a  more encompassing and integrated Regional Water and 

Land Plan (version 2.0), which included a Natural State (lake) water quality class (including water 

temperature and the Trophic Level Index - see Appendix Two) that applied to the Rotorua lakes. The 

community had already indicated lakes in the Tarawera River catchment were to stay at 1994 quality 

level.  Few comments were received on the lake water quality class in the Draft Plan.  

 
9 That includes Lake Tarawera, Lake Rotokakahi (green Lake), Lake Okareka, Lake Tikitapu (Blue Lake), Lake Ōkataina 
and Lake Rotomahana but excludes Lake Okaro. 
10 Note that the Regional Water and Land Plan was initially only the ‘Regional Water Plan’, until a Council decision to 
develop an integrated plan was made around 2000. 
11 Rotorua Te Arawa Lakes Strategy Group contains three main agencies: Te Arawa Lakes Trust (previously known as 
Te Arawa Māori Trust Board), Bay of Plenty Regional Council (previously known as Environment Bay of Plenty) and 
Rotorua District Council. 
12 In 2000, the Ministry for the Environment also developed a protocol for monitoring trophic levels of lakes and 
reservoirs. Since then, scientists in New Zealand started using trophic level index (TLI) to communicate lake water 
quality. The Trophic Level is one of two lake water quality indices adopted by New Zealand Government. 



 

 

 

 

 

During 2001, the further target Trophic Level Indices (TLIs) were recommended as an Objective in the 

draft Proposed Regional Water and Land Plan (version 3.2 and version 3.3) for:

Lake Ōkataina –  TLI 2.6  
Lake Rotomā –  TLI 2.3 
Lake Rotoehu –  TLI 3.9  

Lake Ōkaro –  TLI 5.0  
Lake Rotoiti –  TLI 3.5  

Lake Rerewhakaaitu –  TLI 3.6  
Lake Rotorua –  TLI 4.2.  

After an intensive consultation period in late 2001, the Council notified a Proposed Regional Water 

and Land Plan (Proposed Plan, version 4.0) in February 2002. The TLI levels for the 12 lakes were set 

out in the Proposed Plan as an Objective: 

“The water quality in the Rotorua lakes is maintained or improved to meet the following Trophic Level 

Indices: 

(a) Lake Ōkāreka – 3.0 
(b) Lake Ōkaro – 5.0 
(c) Lake Ōkataina – 2.6 
(d) Lake Rerewhakaaitu – 3.6 

(e) Lake Rotoehu – 3.9 
(f) Lake Rotoiti – 3.5 
(g) Rotokakahi – 3.1 
(h) Lake Rotomā – 2.3 

(i) Lake Rotomahana – 3.9 
(j) Lake Rotorua – 4.2 
(k) Lake Tarawera – 2.6 
(l) Tikitapu – 2.7.” 

The Council notified the Proposed Plan in 2002 and consulted with the public following the process 

set out in the Resource Management Act.   

By early 2003, the Council had received three submissions and eight further submissions on this 

particular Objective. Four of these submissions asked the Trophic Level Indices to be removed; seven 

of them considered the Trophic Level Indices are appropriate and supported this Objective. 

In 2004, a hearing committee considered the submissions and recommended that Council retain 

Trophic Level Indices as they appear in the plan, and to add explanation notes and an additional 

Objective “Reduced occurrence of cyanobacterial algal blooms on the Rotorua Lakes”.  The relevant 

submission points, Council’s decisions and the subsequent amendments (redline/strikeout copy) is 

attached as Appendix One. 

The Proposed Plan became operative in December 2008, after all submissions and appeals have been 

resolved and publicly notified (First Schedule, clause 20 of Resource Management Act 1991).  

 
 
Michelle Lee 
Planner 
 
for Natural Resources Policy Manager 
 

 February 2013 
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Appendices 

 

Appendix One Relevant submissions and Council’s decisions on the Proposed Regional Water 

and Land Plan 2002 and the resulted amendments 

Appendix Two Trophic Level Indices for Lakes in the Draft Regional Water and Land Plan 2000 
 

Appendix Three Lake Rerewhakaaitu water quality and land use summary by SIGMA et al (1993) 

 

Appendix Four Lake Rerewhakaaitu water quality TLI values between 1990 to 2001 outlined in a 

Council’s environmental report 2001 

 

Appendix Five An abstract of “Management of Phosphorus and Nitrogen Inputs to Lake 

Rotorua, New Zeland”, a paper by Rutherfod, J. C., Pridmore, R. D. and White, E. 

published in 1989 in the Journal of Water Resources Planning and Management 
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