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Executive Summary 

This report provides estimates of ‘reference water quality state’ in the rivers and lakes of 

Southland for a range of attributes that are relevant to the Southland Regional Council (SRC) 

Regional Forum process. The results are presented in terms of attribute bands (A to E) that 

could be expected to occur under ‘reference state’ conditions. The estimated reference 

conditions provide information for considering justifiable and achievable freshwater objectives 

(FWO). 

In this report the term ‘reference state’ broadly means minimal human influence. There are 

various ways to estimate reference state for water quality and the different methods will 

produce estimates for different definitions of reference state. The method used in this report is 

based on statistical relationships that predict how each attribute changes with increasing land 

use intensity. These models are fitted to observations of water quality across a gradient of land 

use intensity but the observation sites generally represent today’s significantly altered 

hydrological landscape. Thus the ‘reference state’ predictions are not natural state predictions. 

They reflect what we would expect to see if contaminant generation by today’s land-use was 

reduced to zero, but still within today’s hydrological landscape (e.g., with current drainage, 

channelisation and flood protection modifications still in place). Best indications of a truly 

‘natural state’ could be observed by monitoring attributes in today’s unmodified catchments 

such as those found in conservation areas, but such an assessment is beyond the scope of 

this report. 

The results broadly indicate that a range of attribute states could be expected to occur in rivers 

and lakes across Southland under reference conditions. This suggests that FWO should vary 

across the different types of environments defined by SRC’s river and lake management 

classes. It also indicates that, depending on the attribute and management class, the A band 

may not always be a technically feasible option for freshwater objectives because a poorer 

condition is predicted even under the reference condition. 

Like all model predictions, the estimates of reference state water quality made by this study 

for rivers and lakes are associated with uncertainties. The width of the confidence intervals for 

estimated reference state at individual sites is generally large. For example, the estimate of 

reference state visual clarity in the Cool-wet-hill river class of the River Environment 

Classification (REC), which is prevalent in Southland, is 3.0 meters and the 95% confidence 

intervals extend from 2.0 to 4.0 m. The results in this report should therefore be considered 

indicative. It is recommended that the results presented here be combined with other sources 

of evidence about reference state water quality, for example, observations at monitoring 

stations that are regarded to have limited or minimal human impact such as conservation 

areas. Conclusions about reference state should be made by considering all the evidence that 

is available.  
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1 Introduction 

This report describes estimation of ‘reference state’ water quality conditions in the rivers and 

lakes of Southland. In this report, ‘reference state’ broadly means minimal human influence. 

The purpose is to provided Southland Regional Council (SRC) with information regarding the 

upper limit of achievable water quality in these receiving environments. The information will 

be used by the Southland Regional Forum process to help in its’ consideration of freshwater 

objectives (FWO) for the Southland Region. 

The estimates of reference state are for a range of water quality measures that are referred to 

in this report as ‘attributes’. In this report, attributes are expressed in terms of bands (A, B, C 

D or E) following the approach taken by the National Objectives Framework (NOF), which is 

part of the National Policy Statement for Freshwater Management (NPS-FM; NZ Government, 

2017). This study is concerned with the attribute bands that could be expected to occur under 

‘reference state’ conditions.  

The reference state for a variety of attributes has been estimated in this study for all rivers and 

lakes of Southland based on models. The results are summarised for management classes 

that are used by SRC for rivers and lakes. The results broadly indicate the attribute states that 

could be expected in each river and lake management class under reference state conditions.  

2 General approach 

In general, attributes are defined by compliance statistics that describe an aspect of the 

distribution of a water quality variable at a site (e.g., a measure of the central tendency such 

as the median or a measure of the extremes such as the 95th percentile). The water quality 

variables include concentrations of chemical constituents (e.g., total nitrogen, dissolved 

reactive phosphorus), optical properties (e.g., visual clarity and turbidity), biological measures 

(e.g., macroinvertebrate community, phytoplankton concentration) and microbiological 

measures (e.g., concentration of Escherichia coli (E. coli)).  

A location is allocated to an attribute band based on comparing observed or estimated values 

of the compliance statistic to threshold values. For example, for lakes the Total Phosphorus 

(TP) A band attribute state is defined by TP ≤ 10 mg m-3 and the B band is defined by TP > 10 

mg m-3 and ≤ 20 mg m-3.  

The reference state for a variety of attributes has been estimated in this study for all rivers and 

lakes of Southland using statistical models. The models have been derived from observed 

water quality data from rivers and lakes across all New Zealand. The details of the models 

differ between lakes and rivers but both are based on predictions of water quality when 

anthropogenic land use pressure is zero. The differences in how the reference state is 

estimated for rivers and lakes leads to differences between these environments in the exact 

definition of the predicted reference state, as described further in the methods for rivers 

(section 3.2) and lakes (section 0).  

The models were used to predict the value of the compliance statistics pertaining to the 

attributes for every lake and river segment in the region assuming the reference state 

condition. The compliance statistics were then summarised by SRC’s river and lake 

management classes and the results are presented as maps and tabulations of the proportion 

of river length or number of lakes predicted in each attribute state band (e.g., A, B, C or D).  
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3 Methods 

3.1 Spatial framework and management classifications 

All river segments and lakes in the Southland region were represented in this analysis by 

national geographic information system (GIS) datasets. Rivers were represented by the GIS-

based digital drainage network, which underlies the River Environment Classification (REC; 

Snelder and Biggs, 2002). The digital network was derived from 1:50,000 scale contour maps 

and represented the rivers in Southland as 65,000 segments bounded by upstream and 

downstream confluences, each of which is associated with a sub-catchment.  

Every segment of the digital network was assigned to one of seven river management classes 

(Figure 1). The river management classes were used as a basis for aggregating and reporting 

the reference state attributes in the analyses that follow.  

 

Figure 1. Southland region river management classes.  
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Table 1. Number of river segments in each management class represented in this analysis.  

Management Class Number of segments 

Natural State 35,517 

Lowland hard bed 6,165 

Lowland soft bed 13,350 

Hill 7,431 

Lake fed 334 

Mountain 2,488 

Spring fed 537 

 

Lakes were defined using the lakes layer of the Freshwater Environments of New Zealand 

GIS database (FENZ; Leathwick et al., 2010). The FENZ lake polygons were intersected with 

the river network and the river segments that terminate at lakes were identified. Of the c. 1,000 

lakes with surface area greater than 1 hectare in the Southland region, there were 288 within 

the region for which inflow segments in the drainage network could be defined. The remaining 

lakes had catchment areas that were too small to be represented by the drainage network and 

were therefore excluded in the analysis. 

Every lake that was included in the analysis was assigned to one of five lake management 

classes (Figure 2). The lake management classes were used as a basis for aggregating and 

reporting the reference state attributes in the analyses that follow. The number of lakes in the 

analysis in each lake management class is shown in Table 2.  
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Figure 2. Lake management classes represented in this analysis.  

 

Table 2. Number of lakes in each management class represented in this analysis.  

Management Class Number of lakes 

Brackish Lake 2 

Deep Lake 14 

Lowland Shallow Lake 13 

Natural State 257 

Upland Shallow Lake 2 
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3.2 Reference state for rivers 

3.2.1 Approach 

Analysis of covariance (ANCOVA) was used to model the median values of observed water 

quality variables at river water quality monitoring sites. The method was based on previous 

applications of ANCOVA to estimate natural concentrations of various water quality variables 

in rivers (Dodds and Oakes, 2004; McDowell et al., 2012). The approach is based on using 

linear regression to establish a relationship (i.e., a model) between observed site median 

values of water quality variables and a gradient that describes anthropogenic pressure. The 

reference water quality is then estimated from the intercept of the model (i.e., the point at 

which the anthropogenic pressure is zero.  

An ANCOVA model includes a continuous and categorical explanatory variable (Crawley, 

2002). This allows the relationship between the response variable and the continuous 

explanatory variable to differ depending on the categorical variable. In this study, the 

continuous explanatory variable represented the anthropogenic pressure and the categorical 

explanatory variable represented environmentally defined classes. The environmental classes 

accounted for natural sources of water quality variation and allowed the relationship between 

the response and the anthropogenic pressure to vary between classes.  

The approach assumes that the difference between reference state water quality and current 

state is caused by differences in contaminant generation that is represented by the 

anthropogenic pressure gradient. This assumption ignores the likely influence of modification 

of the hydrological conditions in the modern landscape that likely means there are also 

differences in the processing, transformation and storage of contaminants compared to the 

reference state. Thus the “reference state” river quality predictions reflect what we would 

expect to see if contaminant generation by today’s land-use was reduced to the reference 

level, but within today’s landscape (e.g., with the current substantial drainage and removal of 

wetlands, channelization and flood protection modifications still in place). 

Predicting the river water quality outcome if catchment hydrology was also in the reference 

condition represents a very significant technical challenge that was beyond the scope of this 

study. Therefore, for rivers, the “reference state” should be considered an estimate of the best 

water quality that is theoretically possible if contaminant generation by land-use was reduced 

to zero within todays hydrological landscape. The best indications of a truly “natural state” can 

be observed in today’s unmodified catchments such as those found within SRC’s “Natural 

State” river classes. 

3.2.2 Data 

3.2.2.1 Water quality 

This study used river water quality data for sites across all of New Zealand region that were 
assembled and analysed as part of national state of environment reporting by Larned et al. 
(2018). This included sites operated by all regional councils (including SRC) and the 
National Institute of Water and Atmosphere (NIWA). Larned et al. (2018) calculated the 
attribute state compliance statistics shown in Table 3 for all sites and variables for the 5-year 
period from January 2013 to December 2017.  
  



 

 Page 12 of 49 

Table 3. Attribute state compliance statistics included in this study calculated from observed 
monthly river water quality monitoring data including the number of sites. 

Abbreviation 
Physicochemical variable (measurement 
units) 

Compliance 
statistic 

Number of 
sites 

CLAR Visual clarity (m) Median 624 

DRP Dissolved reactive phosphorus (mg L-1) Median 935 

ECOLI 

Escherichia coli (cfu 100mL-1) 

Median 936 

ECOLI_G260 G260 936 

ECOLI_G540 G540 936 

ECOLI_Q95 Q95 936 

MCI Macroinvertebrate Community Index Median 484 

NH4N 
Ammoniacal nitrogen (mg L-1) 

Median 940 

NH4N_adj Median 821 

NO3N Nitrate nitrogen (mg L-1) Median 913 

TN Total nitrogen (mg L-1) Median 820 

TP Total phosphorus (mg L-1) Median 796 

TURB Nephelometric Turbidity Unit (NTU) Median 934 

 

3.2.2.2 Anthropogenic pressure 

Strong relationships are consistently observed between water-quality and the proportion of 

catchment occupied by grazed grassland (i.e., used for grazing livestock) (e.g., Julian et al., 

2017; Larned et al., 2016). For this reason, previous studies in New Zealand that have used 

ANCOVA modelling to estimate reference state in rivers have used the proportion of the 

upstream catchment occupied by pasture as the explanatory variable representing 

anthropogenic pressure (McDowell et al., 2012; Snelder et al., 2018). The area of grazed 

grassland has not varied substantially in most catchments in New Zealand over the past 20 to 

30 years (Julian et al., 2017). However, land use intensity, as indicated by the total metabolic 

demand of grazing animals, and the types of livestock have changed (Dymond et al., 2013). 

This indicates that a measure of grazing animal density would provide a more proximate 

measure of anthropogenic pressure than the proportion of catchment occupied by grazed 

grassland.  

In this study a more proximate measure of anthropogenic pressure was used that represented 

the density of pastoral livestock in the catchment of each monitoring site. The underlying data 

were based on publicly available information describing the density of pastoral livestock 

(https://statisticsnz.shinyapps.io/livestock_numbers/). The densities of four livestock types 

(dairy, beef, sheep and deer) in each catchment were standardised using ‘stock unit (SU) 

equivalents’, which is a commonly used measure of metabolic demand by New Zealand’s 

livestock (Parker, 1998). The sum of stock units over all four livestock types divided by 

catchment area (i.e., SU ha-1) was used to represent anthropogenic pressure at each site. 

3.2.2.3 REC class 

In this study, the categorical explanatory variable was classes defined by the River 

Environment Classification (REC: Snelder and Biggs, 2002). These classes represent 

variation in catchment-scale climate and topography and have been shown to strongly 

discriminate differences in water quality (Larned et al., 2016a, 2004). The REC classes 

(categorical explanatory variable) allowed the relationship between the water quality and 
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anthropogenic pressure to differ by environmental class and thereby allowed natural sources 

of water quality variability to be accounted for by the ANCOVA model. 

Some modification of REC Source of Flow classes as described by Snelder and Biggs (2002) 

were made so that some under-represented classes were merged into adjacent classes to 

improve statistical power. The following modifications were made: 

• REC class CW/GM (Cool-wet, Glacial mountain) was merged with CW/M (Cool-wet, 

Mountain) 

• REC class CX/GM (Cool-extremely-wet, Glacial mountain) was merged with CX/M 

(Cool-extremely-wet, Mountain) 

• REC class CD/M (Cool-dry, Mountain) was merged with CD/H (Cool-dry, Hill) 

• REC class WD/M (Warm-dry, Lake) was merged with WD/L (Warm-dry, Lowland) 

• REC class CD/M (Cool-dry, Lake) was merged with CD/L (Cool-dry, Lowland) 

• REC class WX/M (Warm- extremely-wet, Lake) was merged with WX/L (Warm- 

extremely-wet, Lowland) 

• REC class WX/H (Warm- extremely-wet, Hill) was merged with WW/L (Warm-wet, Hill) 

This resulted in rivers in being represented by 15 classes nationally and eight in Southland 

(Figure 3).  
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Figure 3. Modified REC Source of Flow classes for Southland rivers.  

3.2.3 ANCOVA models 

Prior to fitting the ANCOVA models, some of the response variables (i.e., Table 3) were 
transformed to an approximately normal distribution. The variables DRP, ECOLI, NH4N, 
ECOLI_Q95, NH4N_adj, NO3N, TN, TP and TURB were log (base 10; log10) transformed. 
The variables ECOLI_G260 and ECOLI_G540 were logit transformed. CLAR and MCI were 
not transformed.  
Standard forward and backward stepwise linear regression was applied to the saturated 

ANCOVA models (i.e., the models that included both the continuous and categorical 

explanatory variables) to identify the most parsimonious models. In this procedure, the Akaike 

information criterion (Akaike, 1973) was used to apply a penalised log-likelihood method to 

evaluate the trade-off between the degrees of freedom and fit of the model as predictor 

variables were added or removed (Crawley, 2002). 
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3.2.4 Model performance 

Model performance was assessed by comparing observations with independent predictions 

(i.e., sites that were not used in fitting the model), which were obtained from a leave one out 

cross validation process. We summarised the model performance using four statistics: 

regression R2; Nash-Sutcliffe efficiency (NSE); percent bias (PBIAS) and the root mean 

square deviation (RMSD). 

The regression R2 value is the coefficient of determination derived from a regression of the 

observations against the predictions. The R2 value indicates the proportion of the total 

variance explained by the model, but is not a complete description of model performance 

(Piñeiro et al., 2008).  NSE indicates how closely the observations coincide with predictions 

(Nash and Sutcliffe, 1970). NSE values range from −∞ to 1. A NSE of 1 corresponds to a 

perfect match between predictions and the observations. An NSE of 0 indicates the model is 

only as accurate as the mean of the observed data and values less than 0 indicate the model 

predictions are less accurate than using the mean of the observed data. Bias measures the 

average tendency of the predicted values to be larger or smaller than the observed values. 

Optimal bias is zero, positive values indicate underestimation bias and negative values 

indicate overestimation bias (Piñeiro et al., 2008). PBIAS is computed as the sum of the 

differences between the observations and predictions divided by the sum of the observations 

(Moriasi et al., 2007). The normalization associated with R2, NSE and PBIAS allowed the 

performance of models to be compared across all variables. 

Model predictions were evaluated to be very good, good, satisfactory or unsatisfactory based 

on the criteria (for nutrient modelling) proposed by Moriasi et al.,(2015), outlined in Table 4.  

Table 4: Performance ratings for statistics used in this study from Moriasi et al. (2015). 

Performance Rating R2 NSE PBIAS 

Very good R2 ≥ 0.70 NSE > 0.65 |PBIAS| <15 

Good 0.60 < R2 ≤ 0.70 0.50 < NSE ≤ 0.65 15 ≤ |PBIAS| < 20 

Satisfactory 0.30 < R2 ≤ 0.60 0.35 < NSE ≤ 0.50 20 ≤ |PBIAS| < 30 

Unsatisfactory R2 < 0.30 NSE ≤ 0.35 |PBIAS| ≥ 30 
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3.3 Reference state for lakes 

The analysis used empirical lake nutrient loading models (‘box models’) of Abell and van Dam-

Bates (2018) to estimate reference state TN and TP concentrations and phytoplankton 

biomass (quantified as chlorophyll a concentration; Chla). Abell and van Dam-Bates (2018) 

provide two methods for estimating in-lake concentrations of TN, TP and Chla. The first 

method allows the reference condition concentrations to be estimated from estimated 

reference state inflow concentrations of TN and TP (hereafter TNin and TPin).  

This analysis used Abell and van Dam-Bates' (2018) models reference state models. For each 

lake, the relevant water quality variables are predicted as follows: 

𝑙𝑜𝑔10(𝑇𝑃𝑙𝑎𝑘𝑒) =
𝑙𝑜𝑔10(𝑇𝑃𝑖𝑛)

1+(𝑘1+∆𝑘1𝑑)τ𝑤
𝑘2

   Equation 1 

𝑙𝑜𝑔10(𝑇𝑁𝑙𝑎𝑘𝑒) = 𝛽0 + 𝛽1𝑙𝑜𝑔10(𝑇𝑁𝑖𝑛) + 𝛽2𝑙𝑜𝑔10(𝑍𝑚𝑎𝑥)  Equation 2 

𝑙𝑜𝑔10(𝐶ℎ𝑙𝑎) = 𝛽0 + 𝛽1𝑙𝑜𝑔10(𝑇𝑃𝑙𝑎𝑘𝑒) + 𝛽2𝑙𝑜𝑔10(𝑇𝑁𝑙𝑎𝑘𝑒) Equation 3 

where TPlake and TNlake are median concentrations of TN and TP (mg m-3), Chla is the median 

concentration of chlorophyll a (mg m-3) and k1, Δk1, k2, and all β are fitted parameters provided 

by  Abell and van Dam-Bates' (2018), τw is water residence time (years) derived from the FENZ 

database (Leathwick et al., 2010), 𝑍𝑚𝑎𝑥 is the maximum depth of the lake derived from the 

FENZ database. The variable 𝑑 is a dummy variable that indicates whether a lake is shallow 

(𝑑 = 0) or deep (𝑑 = 1). Abell and van Dam-Bates (2018) use a threshold of >7.5 m to define 

deep lakes. A correction factor provided by Abell and van Dam-Bates (2018) was used to allow 

for re-transformation bias when the predicted values were back-transformed into the required 

units.  

The analysis used TNin and TPin concentration estimates provided by McDowell et al. (2012). 

McDowell et al. (2012) derived these concentration estimates in a similar manner to the river 

reference state predictions made by this study and concentrations are provided for each class 

defined by the Source-of-flow level of the REC. Many of the 288 modelled lakes had more 

than one input represented by the river network and there were inputs to the same lake with 

differing Source-of-flow classes. In these cases, TNin and TPin concentration estimates were 

based on the catchment area weighted mean concentrations for all input network segments. 

This report does not include information describing the performance of the lake models or 

uncertainty of the predictions made with these models. However, Abell and van Dam-Bates 

(2018) provide this information and it could be used to assess the uncertainty of the lake 

predictions. The performance measures and model uncertainties used by Abell and van Dam-

Bates (2018) are the same as those used by this study to assess the river models (see Section 

3.2.4).   
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3.4 Attributes and compliance statistics 

This study predicted reference state for seven river attributes and three lake attributes shown 

in Table 5 and Table 6. For most attributes, the attribute water quality variable (e.g., MCI, 

ammoniacal nitrogen) and the compliance statistic (e.g., median) was modelled directly and 

the predicted values for each river network segment or lake was compared to the attribute 

thresholds to make a determination of the band.  

For periphyton the approach taken was to compare predicted nutrient concentrations with 

criteria to achieve the periphyton biomass bands based on Snelder et al. (2019). The criteria 

are specified in terms of median concentrations of total nitrogen (TN) and dissolved reactive 

phosphorus (DRP) and vary across 21 river classes defined by the second (Source-of-flow) 

level of the River Environment Classification (REC; Snelder and Biggs, 2002). Snelder et al. 

(2019) provided for differing levels of this risk by incorporating spatial exceedance in the TN 

and DRP concentration criteria. Spatial exceedance is an estimate of the proportion of 

locations that will exceed a nominated biomass threshold when compliant with the criteria. 

The spatial exceedance criterion indicates the risk that a randomly drawn location will exceed 

the periphyton biomass specified for the nominated band when complying with the nutrient 

criteria. The level of acceptable risk is a management rather than a scientific decision. In this 

study the analyses were based on the 20% spatial exceedance criterion. Choosing the 10% 

spatial exceedance criterion would reduce the concentration criteria making them more 

stringent (i.e., difficult to achieve) and therefore would reduce the proportion of river segments 

that are predicted to be in the higher quality periphyton attribute state bands (e.g., A) under 

reference conditions. 

A test of Snelder et al. (2019) criteria indicated they were overly stringent relative to the 

periphyton biomass and TN concentrations observed at 173 river monitoring sites across New 

Zealand (40 of which were in Southland). As suggested by Snelder et al. (2019), the original 

TN targets were recalibrated to match the observations at the monitoring sites (see appended 

Table A for the concentration criteria). In the analysis the TN and DRP concentration criteria 

for each segment were derived by obtaining the segment’s REC class and looking up the 

associated concentrations from the concentration criteria table. 

For the turbidity attribute, the attribute thresholds were taken from Government’s Essential 

Freshwater package details available at the time of analysis (i.e., as released for public 

consultation in September 2019). These thresholds are considered interim. The thresholds 

were defined for 21 ‘suspended sediment classes’ that are defined by a combination of REC 

climate, topography and geology classes. See appended Table B for the turbidity criteria. In 

the analysis the turbidity criteria for each segment were derived by obtaining the segment’s 

suspended sediment class and looking up the associated concentrations from the turbidity 

criteria table. 
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Table 5. River attributes included in this study including the compliance statistic and band 
thresholds. The modelled variables are detailed in Table 3 including the units for values 
shown in this table. 

Attribute 
Modelled 
variable 

Thresholds 

A B C D E 

MCI MCI ≥ 120 100 - 120 90 - 100 < 90 na 

Ammoniacal 
nitrogen 
toxicity 

NH4N_adj < 0.03 
0.03 – 
0.24 

0.24 – 
1.3 

≥ 1.3 na 

Nitrate 
nitrogen 
toxicity 

NO3N < 1.0 1.0 – 2.4 2.4 – 6.9 ≥ 6.9 na 

Visual 
clarity 

CLAR ≥ 3.0 3.0 – 1.6 1.6 – 1.3 < 1.3 na 

Periphyton 
TN Varies by REC class na 

DRP Varies by REC class  

Turbidity TURB Varies by sediment class na 

E. coli  

ECOLI ≤130 ≤130 ≤130 >130 >260 

ECOLI_G260 <20 20-30 20-34 >34 >50 

ECOLI_G540 <5 5-10 10-20 20-30 >30 

ECOLI_Q95 <540 540-1000 
1000-
1200 

>1200 >1200 

 

Table 6. Lake attributes included in this study including the compliance statistic and band 
thresholds. The modelled variables are detailed in Section 0. 

Attribute 
Modelled 
variable 

Lake type 
Thresholds 

A B C D 

Phytoplankton Chla na <2 2 – 5 5 – 12 ≥ 12 

Total nitrogen TNlake 

Stratified and 
brackish 

<160 
160 – 
350 

350 – 
750 

≥ 750 

Polymictic <300 300 –500 
500 – 
800 

≥800 

Total 
phosphorus 

TPlake na <10 10 – 20 20 – 50 ≥500 
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4 Results 

4.1 Reference concentrations rivers 

4.1.1 ANCOVA models 

The data and fitted ANCOVA models are shown graphically in Figure 4. In general the fitted 

models (represented by lines in Figure 4) indicated that concentrations of DRP, ECOLI, 

ECOLI_G260, ECOLI_G540, ECOLI_Q95, NH4N, NH4N_adj, NO3N, TN, TP and TURB 

increased with increasing values of anthropogenic pressure as expected. Classes for which 

concentrations decreased with increasing anthropogenic pressure tended to be poorly 

represented by sites (points in Figure 4). CLAR and MCI decreased with increasing values of 

anthropogenic pressure as expected. 

 

Figure 4. Graphical representation of the ANCOVA models.  
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Based on the criteria of Moriasi et al. (2015), the performance of the ANCOVA model was at 

least satisfactory for ECOLI, ECOLI_G260, ECOLI_G540, ECOLI_Q95, MCI, NO3N, TN and 

TP TURB (Table 7). The reference state estimates from all models were used in the analyses 

that follow. However, the results for models that had unsatisfactory performance statistics (i.e., 

CLAR, DRP, NH4N, NH4N_adj and TURB) should be considered inaccurate. Estimates of 

reference state attribute compliance statistics and their confidence intervals for the modified 

SoF classes are provided in Appendix C.  

Table 7. Performance of the ANCOVA models. Performance was determined using 
independent predictions (i.e., sites that were not used in fitting the models) generated from 
leave one out cross validation. Regression R2 = coefficient of determination, NSE = Nash-
Sutcliffe efficiency, PBIAS = percent bias, RMSD = root mean square deviation). Units for 
RMSD and bias are the log10 transformed units of the respective water quality variables 
except for MCI, for which RMSD and bias are based on non-transformed data.  Cells are 
colour coded following the performance ratings described in Table 4. 

Variable N R2 NSE PBIAS RMSD 

CLAR 624 0.18 0.13 1.1 1.6 

DRP 935 0.32 0.32 0.07 0.41 

ECOLI 936 0.46 0.46 -0.11 0.47 

ECOLI_G260 936 0.42 0.42 0.25 1.17 

ECOLI_G540 936 0.42 0.42 0.09 0.95 

ECOLI_Q95 936 0.4 0.4 -0.14 0.53 

MCI 484 0.38 0.38 -0.04 13.61 

NH4N 940 0.2 0.2 -0.12 0.47 

NH4N_adj 821 0.2 0.2 -0.06 0.47 

NO3N 913 0.4 0.4 1.01 0.57 

TN 820 0.55 0.55 0.57 0.33 

TP 796 0.35 0.35 0.18 0.38 

TURB 934 0.19 0.18 -0.63 0.4 

 

4.1.2 MCI 

The proportion of total river segment length in each MCI attribute band under predicted 

reference state for each river class are shown in Table 8 and Figure 5. No segments were 

predicted to be in the D band. However, the majority of segments (i.e., >50%) were predicted 

to be in the C band in three management classes: Lowland hard bed, Lowland soft bed and 

Spring fed.  
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Table 8. Estimated proportion of river segment length in each MCI grade in reference state 
by management class. 

Management Class 
Attribute state 

A B C D 

Natural State 36 63 0 0 

Lowland hard bed 0 24 76 0 

Lowland soft bed 0 37 63 0 

Hill 0 94 6 0 

Lake fed 2 92 6 0 

Mountain 0 100 0 0 

Spring fed 0 12 88 0 

 

 

Figure 5. Map of predicted MCI attribute bands in reference state.  
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4.1.3 Ammoniacal nitrogen toxicity  

The proportion of total river segment length in each ammoniacal nitrogen toxicity attribute 

band under predicted reference state for each river class are shown in Table 9. All segments 

were predicted to be in the A band.  

Table 9. Estimated proportion of river segment length in each ammoniacal nitrogen toxicity 
grade in reference state by management class. 

Management Class 
Attribute state 

A B C D 

Natural State 100 0 0 0 

Lowland hard bed 100 0 0 0 

Lowland soft bed 100 0 0 0 

Hill 100 0 0 0 

Lake fed 100 0 0 0 

Mountain 100 0 0 0 

Spring fed 100 0 0 0 

 

4.1.4 Nitrate toxicity 

The proportion of total river segment length in each nitrate nitrogen toxicity attribute band 

under predicted reference state for each river class are shown in Table 10. All segments were 

predicted to be in the A band.  

Table 10. Estimated proportion of river segment length in each nitrate nitrogen toxicity grade 
in reference state by management class.  

Management Class 
Attribute state 

A B C D 

Natural State 100 0 0 0 

Lowland hard bed 100 0 0 0 

Lowland soft bed 100 0 0 0 

Hill 100 0 0 0 

Lake fed 100 0 0 0 

Mountain 100 0 0 0 

Spring fed 100 0 0 0 
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4.1.5 Visual clarity 

The proportion of total river segment length in each visual clarity attribute band under predicted 

reference state for each river class are shown in Table 11 and Figure 6. No segments were 

predicted to be in the C or D bands. The majority of segments (i.e., >50%) were predicted to 

be in the B band in three management classes: Lowland hard bed, Lowland soft bed and 

Spring fed. 

Table 11. Estimated proportion of river segment length in each visual clarity grade in 
reference state by management class. 

Management Class 
Attribute state 

A B C D 

Natural State 69 31 0 0 

Lowland hard bed 24 76 0 0 

Lowland soft bed 37 63 0 0 

Hill 94 6 0 0 

Lake fed 53 47 0 0 

Mountain 97 3 0 0 

Spring fed 12 88 0 0 
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Figure 6. Map of predicted visual clarity attribute bands in reference state.    
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4.1.6 Periphyton - TN 

The proportion of total river segment length in each periphyton - TN attribute band under 

predicted reference state for each river class are shown in Table 12 and Figure 7. No 

segments were predicted to be in the D band. The majority of segments (i.e., >50%) were 

predicted to be in the C band in three management classes: Lowland hard bed, Lowland soft 

bed and Spring fed. 

Table 12. Estimated proportion of river segment length in each periphyton – TN attribute 
bands by management class. The TN criteria to achieve these periphyton attribute states are 
based on Snelder et al. (2019) and are described in Section 3.4.  

Management Class 
Attribute state 

A B C D 

Natural State 71 29 0 0 

Lowland hard bed 0 23 76 0 

Lowland soft bed 0 37 63 0 

Hill 3 92 6 0 

Lake fed 50 44 6 0 

Mountain 90 10 0 0 

Spring fed 1 10 88 0 
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Figure 7. Map of estimated periphyton - TN attribute bands in the reference state. 

 

4.1.7 Periphyton - DRP 

The proportion of total river segment length in each periphyton - DRP attribute band under 
predicted reference state for each river class are shown in Table 13  and Figure 8. The 
majority of segments (i.e., >50%) were predicted to be in the D band in three management 
classes: Lowland hard bed, Lowland soft bed and Spring fed. It is noted that the DRP model 
had unsatisfactory performance statistics (Table 7).There is higher confidence in using the 
reference state predictions for periphyton based on TN shown in section 4.1.6 above 
because the TN modelhad better performance statistics than the DRP model.  
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Table 13. Estimated proportion of river segment length in each periphyton – DRP attribute 
bands by management class. The DRP criteria to achieve these periphyton attribute states 
are based on Snelder et al. (2019) and are described in Section 3.4.  

Management Class A B C D 

Natural State 53 32 15 0 

Lowland hard bed 0 2 22 76 

Lowland soft bed 0 2 35 63 

Hill 0 71 23 6 

Lake fed 2 77 15 6 

Mountain 3 96 1 0 

Spring fed 0 8 4 88 

 

 

Figure 8. Map of estimated periphyton - DRP attribute bands in the reference state.  
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4.1.8 Turbidity 

The proportion of total river segment length in each turbidity attribute band under predicted 

reference state for each river class are shown in Table 14 and Figure 9. The majority of 

segments (i.e., >50%) were predicted to be in the D band in two management classes: 

Lowland hard bed and Spring fed. It is noted that the turbidity model had unsatisfactory 

performance statistics (Table 7).  

Note that 14% of segments in the river network do not have a sediment class assignment 

based on the proposed NOF table released for public consultation by Government in 

September 2019. At the time of writing, the Ministry for the Environment had addressed this 

issue but were not prepared to release the information.  

Table 14. Estimated proportion of river segment length in each turbidity grade in reference 
state by management class.  

Management 
Class 

A B C D 
Not 

assigned 

Natural State 67 5 2 6 20 

Lowland hard bed 13 5 7 72 3 

Lowland soft bed 34 15 14 36 1 

Hill 37 17 9 26 11 

Lake fed 31 27 14 20 8 

Mountain 95 3 1 0 1 

Spring fed 15 6 8 67 4 
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Figure 9. Map of estimated turbidity grades in reference state. Note that white patches 
indicate rivers that do not have a sediment class assignment based on the proposed NOF 
table (Appendix B). 
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4.1.9 E. coli 

The proportion of total river segment length in each of the NOF E. coli attribute bands under 

predicted reference state for each river class are shown in Figure 10. The reference state 

predictions for median E. coli were generally in the E band in streams rising on the Southland 

Plains, which broadly comprise three management classes: Lowland hard bed, Lowland soft 

bed and Spring fed. The overall grading based on all four statistics is shown in Table 15 and 

Figure 11. The majority of segments (i.e., >50%) were predicted to be in the E band in three 

management classes: Lowland hard bed, Lowland soft bed and Spring fed. It is noted that the 

four E. coli statistics model had satisfactory performance (Table 7).  

Table 15. Estimated proportion of river segment length in each NOF swimming grade in 
reference state by management class. 

Management Class 
NOF swimming grade 

A B C D E 

Natural State 66 12 6 15 0 

Lowland hard bed 2 1 0 21 76 

Lowland soft bed 1 1 0 35 63 

Hill 22 69 0 3 6 

Lake fed 60 15 3 15 6 

Mountain 91 9 0 0 0 

Spring fed 2 6 0 3 88 
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Figure 10. Map of estimated individual NOF E. coli statistics for Southland rivers in reference 
state 
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Figure 11. Map of estimated overall NOF swimming grade for Southland rivers in reference 
state. 
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4.2 Reference concentrations lakes 

4.2.1 Total phosphorus 

The proportion of lakes in each TP attribute band under predicted reference state for each of 

the five lake management classes are shown in Table 16 and Figure 12. The majority of lakes 

(i.e., >50%) were predicted to be in the A band in all management classes except the natural 

state class for which the majority of lakes were predicted to be in the B band.  

Table 16. Estimated proportion of lakes in each TP grade in reference state by management 
class. 

Management Class 
Grade 

A B C D 

Brackish Lake 100 0 0 0 

Deep Lake 100 0 0 0 

Lowland Shallow Lake 85 15 0 0 

Natural State 13 86 1 0 

Upland Shallow Lake 100 0 0 0 
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Figure 12. Map of estimated lake TP attribute bands for Southland lakes in reference state. 
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4.2.2 Total Nitrogen 

The proportion of lakes in each TN attribute band under predicted reference state for each of 
the five lake management classes are shown in Table 17 and Figure 13. The majority of 
lakes (i.e., >50%) were predicted to be in the A band for the Deep lake, Natural state and 
Upland shallow lake management classes. Close to half of lakes in the Brackish and 
Lowland shallow lake classes were predicted to be in the D band.  

Table 17. Estimated proportion of lakes in each TN grade in reference state by management 
class. 

Management Class 
Grade 

A B C D 

Brackish Lake 0 0 50 50 

Deep Lake 50 36 7 7 

Lowland Shallow Lake 0 38 15 46 

Natural State 92 8 0 0 

Upland Shallow Lake 50 50 0 0 
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Figure 13. Map of estimated lake TN attribute bands for Southland lakes in reference state.  
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4.2.3 Chlorophyll a 

The proportion of lakes in each chlorophyll a attribute band under predicted reference state 

for each of the five lake management classes are shown in Table 18 and Figure 14. The 

majority of lakes (i.e., >50%) were predicted to be in the A band for the Deep lake, Natural 

state and Upland shallow lake management classes. Close to half of lakes in the Brackish and 

Lowland shallow lake classes were predicted to be in the C band.  

Table 18. Estimated proportion of lakes in each chlorophyll a grade in reference state by 
management class. 

Management Class 
Grade 

A B C D 

Brackish Lake 0 50 50 0 

Deep Lake 71 21 7 0 

Lowland Shallow Lake 0 54 46 0 

Natural State 79 21 0 0 

Upland Shallow Lake 50 50 0 0 
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Figure 14. Map of estimated overall chlorophyll a grade for Southland lakes in reference 
state. 
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5 Conclusions 

This report provides estimates of ‘reference water quality state’ in the rivers and lakes of 

Southland for a range of attributes that are relevant to SRC’s Regional Forum process. The 

results are presented in terms of attribute bands (A to E) that could be expected to occur under 

‘reference state’ conditions. The estimated reference conditions provide useful information for 

considering justifiable and achievable freshwater objectives (FWO). 

The results broadly indicate that a range of attribute states could be expected to occur in rivers 

and lakes across Southland under reference conditions. This suggests that the A band is not 

always a technically feasible option for freshwater objectives because a poorer condition is 

predicted even under the reference condition.  

As is the case with all modelling exercises, the assumptions and approach are important when 

the results are being interpreted and used. Additionally, like all model predictions, the 

estimates of reference state water quality are associated with uncertainties. The width of the 

confidence intervals for estimated reference state at individual sites is generally large. For 

example, the estimate of reference state visual clarity in the Cool-wet hill REC class, which is 

prevalent in Southland, is 3.0 meters and the 95% confidence intervals extend from 2.0 to 4.0 

m (Appendix C). The results in this report should therefore be considered indicative. It is 

recommended that the results presented here be combined with other sources of evidence 

about reference state water quality, for example, observations at monitoring stations that are 

regarded to have limited or minimal impact. Conclusions about reference state should be 

made by considering all the evidence that is available.  
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Appendix A Nutrient criteria (total nitrogen and dissolved reactive 
phosphorus) used as periphyton attribute state 
thresholds 

The criteria are shown for each REC Source-of-flow class that occurs in Southland and 

corresponding to the NOF periphyton A, B and C bands. The values in the table represent the 

recalibration of the criteria of Snelder et al. (2019) and the 20% spatial exceedance criteria. 

Values are median concentrations in units of mg m-3. 

River Environment 
Classification Source-
of-flow class 

Total nitrogen Dissolved reactive phosphorus 

A B C A B C 

CX/GM 294 1372 2890 2.2 57.5 161.7 

CX/M 538 2340 3843 8.9 114.8 289.5 

CX/H 550 2385 3664 7.9 108 273.7 

CX/Lk 105 504 1182 0.3 7.1 44 

CX/L 369 1691 3363 2.8 68.1 187.3 

CW/M 141 666 1556 0.4 15.3 69.9 

CW/H 161 781 1764 0.5 16.7 69.7 

CW/L 118 559 1325 0.3 5.8 38.5 

CW/Lk 71 335 798 0.2 2.6 22.6 

CD/H 67 316 758 0.2 1.5 13.5 

CD/L 71 339 811 0.2 1.5 13.4 

CD/Lk 61 287 681 0.2 1.4 12.5 
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Appendix B Turbidity criteria used in the analysis 

The criteria are shown for each suspended sediment class and corresponding turbidity 

attribute A, B and C bands proposed by Government’s Essential Freshwater package released 

for public consultation September 2019. Values are site median turbidity measured as NTU. 

REC- based suspended 
sediment class 

Suspended sediment 
class 

Threshold 

A/B B/C C/D 

WW_Low_VA 1 2 2.5 3.2 

CW_Low_VA 1 2 2.5 3.2 

WD_Low_Al 2 6.2 7.9 10.5 

CD_Low_HS 3 1.3 1.6 2 

CW_Low_SS 4 3.3 3.9 4.8 

WW_Low_SS 5 7.5 9.8 13.1 

WD_Low_SS 5 7.5 9.8 13.1 

WW_Low_HS 6 4.8 6.3 8.3 

CD_Low_Al 7 2.3 2.8 3.3 

CW_Hill_VA 7 2.3 2.8 3.3 

CD_Low_SS 8 4.3 5.2 6.4 

CW_Hill_HS 9 1.2 1.4 1.6 

CD_Hill_HS 9 1.2 1.4 1.6 

CW_Low_Al 9 1.2 1.4 1.6 

CW_Lake_Al 10 1.1 1.3 1.5 

CW_Lake_HS 10 1.1 1.3 1.5 

CW_Lake_SS 10 1.1 1.3 1.5 

CW_Lake_VA 10 1.1 1.3 1.5 

CW_Low_HS 11 1.1 1.3 1.6 

CW_Mount_HS 12 2.4 2.7 3.1 

CW_Hill_SS 12 2.4 2.7 3.1 
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Appendix C Estimated river reference values and 95% confidence 
intervals derived by this study for modified REC 
classes 

The units for each variable are shown in Table 3 

Modelled 
variable 

Modified 
source of 
flow class 

Predicted 
Reference 

Value 

Lower 95% 
confidence 

interval 

Upper 95% 
confidence 

interval 

CLAR CD/H 4.6 3.7 5.5 

CLAR CD/L 2 0.8 3.2 

CLAR CW/H 3 2 4 

CLAR CW/L 3.6 2.5 4.6 

CLAR CW/Lk 4.4 2.8 5.9 

CLAR CW/M 3.8 2.5 5.1 

CLAR CX/H 5.2 4 6.4 

CLAR CX/L 2.9 1.6 4.2 

CLAR CX/Lk 2.9 0.6 5.2 

CLAR CX/M 2.2 0.2 4.2 

CLAR WD/L 1.8 0.3 3.3 

CLAR WW/H 1.9 -1.4 5.2 

CLAR WW/L 1.9 0.9 3 

CLAR WW/Lk 16.8 -88.2 121.8 

CLAR WX/L 3.6 1 6.2 

DRP CD/H 0.005 0.004 0.008 

DRP CD/L 0.014 0.009 0.024 

DRP CW/H 0.009 0.006 0.014 

DRP CW/L 0.011 0.007 0.017 

DRP CW/Lk 0.002 0.001 0.004 

DRP CW/M 0.004 0.002 0.009 

DRP CX/H 0.005 0.003 0.01 

DRP CX/L 0.006 0.003 0.012 

DRP CX/Lk 0.001 0 0.004 

DRP CX/M 0.005 0.002 0.013 

DRP WD/L 0.017 0.01 0.028 

DRP WW/H 0.018 0.006 0.058 

DRP WW/L 0.013 0.008 0.02 

DRP WW/Lk 0.683 0.012 39.02 

DRP WX/L 0.008 0.002 0.033 

ECOLI CD/H 32 21 50 

ECOLI CD/L 338 194 591 

ECOLI CW/H 42 26 70 

ECOLI CW/L 118 69 201 

ECOLI CW/Lk 6 3 14 

ECOLI CW/M 7 3 14 

ECOLI CX/H 31 16 60 
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Modelled 
variable 

Modified 
source of 
flow class 

Predicted 
Reference 

Value 

Lower 95% 
confidence 

interval 

Upper 95% 
confidence 

interval 

ECOLI CX/L 85 39 182 

ECOLI CX/Lk 10 3 38 

ECOLI CX/M 20 6 62 

ECOLI WD/L 478 261 877 

ECOLI WW/H 127 25 634 

ECOLI WW/L 231 139 384 

ECOLI WW/Lk 17 0 1675 

ECOLI WX/L 131 27 630 

ECOLI_G260 CD/H 0.07 0.04 0.1 

ECOLI_G260 CD/L 0.38 0.25 0.53 

ECOLI_G260 CW/H 0.07 0.04 0.12 

ECOLI_G260 CW/L 0.18 0.11 0.28 

ECOLI_G260 CW/Lk 0.02 0.01 0.06 

ECOLI_G260 CW/M 0.04 0.02 0.08 

ECOLI_G260 CX/H 0.06 0.03 0.12 

ECOLI_G260 CX/L 0.12 0.06 0.24 

ECOLI_G260 CX/Lk 0.04 0.01 0.16 

ECOLI_G260 CX/M 0.06 0.02 0.19 

ECOLI_G260 WD/L 0.53 0.36 0.68 

ECOLI_G260 WW/H 0.19 0.04 0.57 

ECOLI_G260 WW/L 0.3 0.2 0.43 

ECOLI_G260 WW/Lk 0.03 0 0.82 

ECOLI_G260 WX/L 0.19 0.04 0.57 

ECOLI_G540 CD/H 0.04 0.03 0.06 

ECOLI_G540 CD/L 0.2 0.14 0.3 

ECOLI_G540 CW/H 0.05 0.03 0.07 

ECOLI_G540 CW/L 0.11 0.07 0.16 

ECOLI_G540 CW/Lk 0.02 0.01 0.05 

ECOLI_G540 CW/M 0.03 0.02 0.06 

ECOLI_G540 CX/H 0.05 0.03 0.08 

ECOLI_G540 CX/L 0.08 0.04 0.14 

ECOLI_G540 CX/Lk 0.02 0.01 0.07 

ECOLI_G540 CX/M 0.04 0.02 0.11 

ECOLI_G540 WD/L 0.31 0.21 0.44 

ECOLI_G540 WW/H 0.09 0.02 0.3 

ECOLI_G540 WW/L 0.16 0.11 0.23 

ECOLI_G540 WW/Lk 0.01 0 0.32 

ECOLI_G540 WX/L 0.1 0.03 0.3 

ECOLI_Q95 CD/H 443.97 273.64 720.34 

ECOLI_Q95 CD/L 3268.14 1757.2 6078.28 

ECOLI_Q95 CW/H 581.25 331.67 1018.62 

ECOLI_Q95 CW/L 2154.82 1193.6 3890.13 



 

 Page 47 of 49 

Modelled 
variable 

Modified 
source of 
flow class 

Predicted 
Reference 

Value 

Lower 95% 
confidence 

interval 

Upper 95% 
confidence 

interval 

ECOLI_Q95 CW/Lk 100.49 38.82 260.13 

ECOLI_Q95 CW/M 137.88 58.66 324.13 

ECOLI_Q95 CX/H 415.52 197.93 872.31 

ECOLI_Q95 CX/L 1166.41 497.56 2734.4 

ECOLI_Q95 CX/Lk 121.19 26.81 547.76 

ECOLI_Q95 CX/M 393.18 110.94 1393.46 

ECOLI_Q95 WD/L 7230.28 3680.14 14205.16 

ECOLI_Q95 WW/H 1875.95 313.39 11229.33 

ECOLI_Q95 WW/L 3513.6 1999.4 6174.57 

ECOLI_Q95 WW/Lk 107.13 0.64 17864.49 

ECOLI_Q95 WX/L 1956.39 341.52 11207.23 

MCI CD/H 106 101 111 

MCI CD/L 99 94 105 

MCI CW/H 115 109 120 

MCI CW/L 112 107 117 

MCI CW/Lk 100 88 112 

MCI CW/M 116 108 125 

MCI CX/H 128 120 136 

MCI CX/L 116 110 123 

MCI CX/Lk 119 106 132 

MCI CX/M 111 95 127 

MCI WD/L 93 87 100 

MCI WW/H 138 111 164 

MCI WW/L 108 102 113 

MCI WW/Lk 114 101 128 

MCI WX/L 105 104 105 

NH4N CD/H 0.006 0.004 0.009 

NH4N CD/L 0.021 0.012 0.037 

NH4N CW/H 0.006 0.004 0.01 

NH4N CW/L 0.005 0.003 0.009 

NH4N CW/Lk 0.004 0.002 0.009 

NH4N CW/M 0.008 0.004 0.018 

NH4N CX/H 0.004 0.002 0.008 

NH4N CX/L 0.013 0.006 0.027 

NH4N CX/Lk 0.003 0.001 0.015 

NH4N CX/M 0.005 0.002 0.015 

NH4N WD/L 0.015 0.008 0.028 

NH4N WW/H 0.012 0.003 0.042 

NH4N WW/L 0.012 0.007 0.019 

NH4N WW/Lk 0.418 0.004 41.117 

NH4N WX/L 0.005 0.001 0.022 

NH4N_adj CD/H 0.003 0.002 0.005 
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NH4N_adj CD/L 0.013 0.007 0.023 

NH4N_adj CW/H 0.004 0.002 0.006 

NH4N_adj CW/L 0.003 0.002 0.005 

NH4N_adj CW/Lk 0.003 0.001 0.009 

NH4N_adj CW/M 0.005 0.002 0.013 

NH4N_adj CX/H 0.003 0.001 0.007 

NH4N_adj CX/L 0.004 0.002 0.01 

NH4N_adj CX/Lk 0.002 0 0.012 

NH4N_adj CX/M 0.004 0.001 0.024 

NH4N_adj WD/L 0.011 0.006 0.02 

NH4N_adj WW/H 0.009 0.002 0.035 

NH4N_adj WW/L 0.006 0.004 0.011 

NH4N_adj WW/Lk 0.105 0.001 11.082 

NH4N_adj WX/L 0.011 0.001 0.12 

NO3N CD/H 0.04 0.02 0.06 

NO3N CD/L 0.79 0.41 1.54 

NO3N CW/H 0.17 0.1 0.32 

NO3N CW/L 0.36 0.19 0.68 

NO3N CW/Lk 0.01 0 0.04 

NO3N CW/M 0.04 0.02 0.1 

NO3N CX/H 0.08 0.04 0.18 

NO3N CX/L 0.13 0.05 0.33 

NO3N CX/Lk 0.02 0 0.09 

NO3N CX/M 0.07 0.02 0.29 

NO3N WD/L 0.8 0.38 1.7 

NO3N WW/H 0.07 0 1.02 

NO3N WW/L 0.18 0.1 0.33 

NO3N WW/Lk 29.39 0.12 7201.65 

NO3N WX/L 0.02 0 0.17 

TN CD/H 0.13 0.1 0.18 

TN CD/L 0.65 0.43 0.99 

TN CW/H 0.19 0.13 0.27 

TN CW/L 0.4 0.26 0.62 

TN CW/Lk 0.09 0.05 0.17 

TN CW/M 0.08 0.04 0.13 

TN CX/H 0.13 0.08 0.21 

TN CX/L 0.24 0.14 0.43 

TN CX/Lk 0.05 0.02 0.15 

TN CX/M 0.08 0.04 0.17 

TN WD/L 0.7 0.44 1.12 

TN WW/H 0.16 0.03 0.8 

TN WW/L 0.3 0.21 0.44 
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TN WW/Lk 0.33 0.01 8.21 

TN WX/L 0.12 0.03 0.46 

TP CD/H 0.01 0.01 0.02 

TP CD/L 0.02 0.02 0.04 

TP CW/H 0.01 0.01 0.02 

TP CW/L 0.02 0.01 0.03 

TP CW/Lk 0.01 0 0.01 

TP CW/M 0.01 0 0.02 

TP CX/H 0.01 0 0.02 

TP CX/L 0.01 0 0.07 

TP CX/Lk 0 0 0.01 

TP CX/M 0.02 0.01 0.04 

TP WD/L 0.04 0.02 0.07 

TP WW/H 0.02 0 0.12 

TP WW/L 0.03 0.02 0.04 

TP WW/Lk 0.03 0 1.31 

TP WX/L 0.01 0 0.03 

TURB CD/H 1.5 1.1 2.2 

TURB CD/L 3.3 2 5.2 

TURB CW/H 2.3 1.5 3.5 

TURB CW/L 1.8 1.1 2.8 

TURB CW/Lk 1.1 0.6 2.3 

TURB CW/M 2.7 1.4 5.1 

TURB CX/H 1.5 0.9 2.5 

TURB CX/L 1.6 0.8 3.1 

TURB CX/Lk 1.2 0.3 3.9 

TURB CX/M 5.8 2.3 15 

TURB WD/L 5.7 3.4 9.4 

TURB WW/H 2.1 0.7 6.1 

TURB WW/L 4.9 3.2 7.5 

TURB WW/Lk 0 0 1.5 

TURB WX/L 1.3 0.3 4.6 

 


