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Executive summary
The relevance of flow regimes for both in-stream and out-of-stream values means that national
representations of flow regimes may be used in national environmental reporting of New Zealand’s
Freshwater state. This report describes:
Observed river flow time-series and river width used in this report.
Indices that may be of use in national environmental reporting to represent various
parts of the flow regime.
−

the 1 in 5 year low flow

−

the 7-day mean annual low flow

−

the mean flow

−

the proportion of flow in February

−

the frequency of events exceeding three times the median flow

−

wetted river width at the 7-day mean annual low flow

Methods for calculation of these indices from flow time-series.
Regression models used to relate each index to known catchment characteristics.
Testing and validation of predicted values for each index.
National maps for each index when predicted onto New Zealand’s river network.
The format of data files containing the predicted and observed data (Appendix A).
For wetted width, model performance was quantified by comparing predicted values with an
independent data set. Model performance for ungauged sites was assessed by comparing observed
values with out-of-bag predictions for the remaining hydrological indices. All models showed a good
ability to discriminate between-site patterns.
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1

Introduction

Hydrological regime is a phrase often used to describe the collective properties of a river flow timeseries. It is widely accepted that flow is a “master variable” that controls or influences channel
geomorphology, sediment, habitat size, physical habitat templates, disturbance regime, food
resources and water quality including nutrients, dissolved oxygen and water temperature. Ecological
and evolutionary processes in river ecosystems are therefore highly influenced by historical flow
regimes. Flow regimes are also important because they influence the availability of water resource
for out-of-stream use.
River flow will vary through time because of weather patterns, and will vary in space due to different
climatic, topographic, geological and vegetation conditions. The resulting differences in flow regimes
can be characterised using a suite of hydrological indices. Each of these indices can be designed to
quantify a different aspect of the flow regime. There is no global definition of which indices should be
used to characterise flow regimes that can be applied to all rivers, because there are large
differences between rivers in total flow ranges, in temporal patterns of flow fluctuations, and in the
ecological effects of flow regimes. Flow regimes also interact with landscape setting (slope, valley
confinement, vegetation, sediment supply) to create different hydraulic and habitat templates; the
same flow regime in a different landscape setting may lead to very different looking rivers with
different ecological characteristics.
Hydrological indices are often calculated from mean daily flow time-series, but can also be calculated
from flow time-series with more frequent observations such as 15-minute flow data. Observed flow
time-series are only available where a gauging station with a relationship between stage height and
water discharge is known. Alternatively, hydrological models have been used to calculate estimated
flow time-series or particular hydrological indices at ungauged sites across New Zealand (Booker and
Woods, 2014). For most hydrological indices it is possible to compute a value for each year of record.
Both the central tendency and inter-annual variation of the index can be subsequently calculated. For
example, a value such as the low (minimum daily) flow can be computed for each year of an entire
multi-year time-series. Both the mean of the annual low flows (known as MALF) and the standard
deviation of the annual low flows can therefore be reported because both the long-term mean and
inter-annual variation in low flow are potentially important characteristics of flow regimes. Interannual variation may be of interest because, in a natural situation, it can be used to characterise the
range of natural variation experienced by organisms living in the river. Long-term means may be of
more interest when comparing flow regimes from sites across the landscape or when comparing
scenarios of flow alteration. When extreme conditions are of interest the annual series is used to
calculate the hydrological index. For example, the 1 in 5 year low flow is calculated from an annual
series of low flows.
The length of flow time-series and the degree of hydrological alteration in a catchment must be
carefully considered when calculating hydrological indices. Record length is important because there
may be large between-year differences in calculated annual values, and because the inter-annual
distribution of particular hydrological indices may take skewed rather than normal distributions. For
example, if calculated from a relatively short record, MALF can be strongly affected by the inclusion
of one particularly low flow year. Furthermore, hydrological indices cannot be considered to be
stationary; temporal patterns in climate and/or landcover can cause hydrological indices to be
trended (steady or abrupt change through time) or auto-correlated (cyclical patterns in time).
Evidence has been given for inter-decadal patterns in some, but not all, hydrological indices for
6
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particular regions of New Zealand but not others (e.g., McKerchar and Henderson, 2003; Booker,
2013).
The effect of river size is often removed prior to calculation of hydrological indices. This can be
achieved by dividing the flow time-series by its long-term mean or by catchment area prior to
calculating any hydrological indices. This process is known as “standardisation” or sometimes
(incorrectly) “normalisation”.
Various software is available for calculating sets of hydrological indices. Bespoke programmes or
spreadsheet formulas can also be used to calculate these indices. However, care must be taken when
applying such calculations as subtle decisions about how each index is defined and the algorithms
employed (e.g., how missing data are dealt with or whether “water years” are used instead of
calendar years) can lead to differences in calculated values.
The importance of flow regimes for both in-stream and out-of-stream values means that national
representations of flow regimes may be valuable for national environmental reporting of New
Zealand’s Freshwater state. This report describes:
several hydrological indices that may be of use in national environmental reporting;
the calculation of these indices from flow time-series observed at gauging stations
across New Zealand;
regression models used to relate each hydrological index to known catchment
characteristics; and
national patterns for each hydrological index when predicted onto New Zealand’s river
network.
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2

Data

2.1

Flow time-series

A flow time-series database was available that comprised mean daily flows observed at 485 gauging
stations with available records of 5 full years or longer. Available mean daily flow time-series from
the National Institute of Water and Atmospheric Research’s (NIWA) national database were collated
alongside data supplied by particular regional councils (Northland Regional Council, Auckland
Council, Waikato Regional Council, Greater Wellington Regional Council, and Environment
Canterbury). The time-series database contained only sites that were not affected by large
engineering projects such as dams, diversions or substantial abstractions, according to information
given by each data provider. See Snelder et al. (2005), Booker (2013) and Booker and Woods (2014)
for further details on gauging station selection. These gauging stations were located throughout New
Zealand (Figure 2-1) and represented a wide range of hydrological conditions (Table 1).
It is known that hydrological regimes may not be stationary (constant mean and constant variance
through time) due to the presence of trends and temporal autocorrelations. This is because
hydrological regimes may be influenced by a variety of factors including land cover change, interdecadal climatic patterns and longer-term climate shifts. However, the purpose of this study was to
compare the ability of various approaches to characterise differences in flow regimes between sites
across New Zealand given current climatic and land cover conditions rather than to characterise
differences through time. Previous studies have found evidence for inter-decadal patterns in some,
but not all, indices for particular regions of New Zealand (e.g. McKerchar and Henderson, 2003;
Booker, 2013). Despite this, for empirically-based methods it was assumed that between-site
differences in hydrological regimes far exceeded any differences in hydrological regimes due to
differences in observation periods, which were different for each observed time-series (Figure 2-2).
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Figure 2-1:

Site locations (n= 485).
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Table 2-1:
Codes, descriptions and numbers of sites used in the analysis. See Snelder and Biggs (2002)
and Snelder and Hughey (2005) for full descriptions of codes.
Code

Description

Number of sites

Island
N

North Island

289

S

South Island

196

Climate
WD

Warm-dry

18

WW

Warm-wet

152

WX

Warm-extremely wet

4

CD

Cool-dry

75

CW

Cool-wet

154

CX

Cool-extremely wet

82

GM

Glacial mountain

10

H

Hill

167

L

Low elevation

241

Lk

Lake

19

M

Mountain

48

B

Bare

16

EF

Exotic-Forest

22

IF

Indigenous-Forest

105

P

Pastoral

247

S

Scrub

17

T

Tussock

63

U

Urban

15

Topographic source of flow

Land cover
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Figure 2-2:

2.2

Years of records used in the analysis.

Wetted width

The National Hydrometric Reference Network of New Zealand includes many sites where river
discharge has been routinely gauged (Pearson, 1998). Each time a gauging is conducted a summary
of field measurements is recorded that includes the observed width, discharge and method used to
measure velocity (e.g. rod mounted Gurley current meter). Where it is safe to do so, observations are
generally made by wading across the river and deploying a current meter on a wading rod. Wetted
width is measured using a tape measure. At higher flows, and in deep rivers, a current meter may be
suspended from a winch and cable. Boats may be used for this purpose but for the gauging sites
Hydrological indices for national environmental reporting
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investigated in this study this is more commonly achieved through use of a permanent overhead
cable suspended across the river. Historically, suspended cables have been often installed at crosssections that are specifically chosen for being narrower, and therefore deeper, than elsewhere in the
river. For this reason only data collected whilst gauging with a wading rod were used in the analysis
shown here (Figure 1). Only sites where three or more gaugings had been made using wading rod
methods were selected. Approximately 25,000 pairs of observed width and discharge from 328 sites
across New Zealand with various discharge ranges were therefore analysed. Where possible an
assessment of the range of gauged flows in comparison to the flow regime was made. Of the 328
gauging sites, 275 had readily available time-series of flow data. Of these, 70% had maximum gauged
flows that were greater than Q10 (the flow exceeded 10% of the time). Only 4% had maximum
gauged flows that were less than the median flow. See Booker (2010) for further details.
Paired data on width and discharge were available for independent testing of model predictions.
These data were collected during physical habitat studies (e.g. Jowett, 1998) from various reaches
throughout New Zealand (Figure 2-3). For each physical habitat study several cross-sections were
surveyed including observations of wetted width and discharge. Within each study the cross-section
locations were chosen to capture the range of physical habitat types available in the study reach. The
observed wetted width and discharge values were averaged across cross-sections to obtain an
average for the reach. See Booker (2010) for further details.

12
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Figure 2-3: Gauged locations where width has been observed for at least three different flows as part of
rod mounted gaugings (filled circles, n = 328) and locations of physical habitat studies used to test the width
predictions (open circles, n = 197).
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3

Methods

3.1

Hydrological indices

Several hydrological indices were calculated for each observed flow time-series (Table 3-1). These
indices were chosen because they represent a range of hydrological conditions, can be used to
estimate water resource availability, and are used in environmental flow setting procedures. Mean
flow represents total potential water availability, is used for scaling of dimensionless metrics such as
standardised flow duration curves (e.g. Booker and Snelder, 2012) and may be used when comparing
sites for ecological studies (e.g. Leathwick et al., 2005). The proportion of flow in each month may be
of interest when investigating seasonality of flow. The proportion of flow in February (Feb) was
chosen as an example because the summer month of February represents a generally dry month in
which both irrigation demand (the largest consumptive water use in New Zealand) and ecological
stress are likely to be high. The 7-day mean annual low flow, (MALF) and 1 in 5 year 7-day low flow
(Q5) are often used as indicators of low flow in ecological studies (e.g. Suren and Jowett, 2006) and
to represent one component of the flow regime in environmental flow assessments. Since limits to
water resource use may be expressed as proportions of MALF or Q5, this index is of particular
interest in New Zealand (MFE, 2008). FRE3 represents the frequency of events that exceed three
times the median flow. FRE3 has previously been used as an index of flow-driven disturbance in
ecological studies of in-stream values such as periphyton (e.g. Biggs, 2000), invertebrates (e.g.
Boulton et al., 1992), macrophytes (e.g. Riis and Biggs, 2001) and fish (e.g. Crow et al., 2012). All of
these hydrological indices may also be used for data driven environmental classifications (e.g.
Snelder and Booker, 2012). Many further hydrological indices could have been compared, but it was
desirable to provide an expedient analysis and there is known to be a high degree of covariance
within sets of these indices (Olden and Poff, 2003).
Table 3-1:
Index

Descriptions of hydrological indices.
Description

Calculation

Standardisation

Q5

one-in-five-year 7-day low
flow (m3 s-1)

20th percentile of annual low flows
assuming a normal distribution of
minimum flow for each water year
after having applied a running 7-day
mean to the daily flows

Divide by catchment
area to get specific
Q5 (m3 s-1 km-2)

Square root

MALF

7-day mean annual low
flow (m3 s-1)

Mean of minimum flow for each
water year after having applied a
running 7-day mean to the daily
flows

Divide by catchment
area to get specific
QMALF (m3 s-1 km-2)

Square root

MeanFlow

Mean flow calculated from
mean daily flows (m3 s-1)

Mean of all daily flows

Divide by catchment
area to get specific
mean flow (m3 s-1
km-2)

Log base 10

Feb

Proportion of flow in
February

Mean of all daily flows for calendar
month of February after having
divided by the overall mean flow

Divide by mean flow
over entire record
to get proportion of
flow in February
(unitless)

None
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Index

Description

FRE3NoWindow

Predicted frequency of
events exceeding three
times the long-term
median with “no
windows” calculated from
mean daily flows (n per
year). “no windows”
means that there was no
application of a minimum
period between events for
them to be considered as
separate events.

Calculation

Standardisation

Counts of events exceeding three
time the median flow calculated
from mean daily flow time-series.
See Booker (2013) for much
discussion.

None

Transformation
None

In order to minimise the likelihood of low flow periods crossing years, each day in each observed
time-series was assigned to a water year starting on the 1st of October. Water years with more than
30 days of missing data were excluded from the analysis. Calculations of MALF and Q5 were based on
water years. MALF and Q5 were both calculated after having calculated the 7-day running average
annual low flow in each water year.
Many hydrological indices are scale-dependent; bigger catchments have larger values of MALF, Q5
and mean flow than smaller catchments. The values for these indices were therefore standardised by
dividing by catchment area. Further transformations were then applied in order to more closely
approximate normal distributions (Table 3-1). These transformations were applied because normal
distributions are desirable when applying regression methods and when assessing model
performance (e.g. Di Prinzio et al., 2011). Further details and discussion relating to these hydrological
indices can be found in the literature (Table 3-2).
Table 3-2:

References for hydrological indices.

Index

References

Q5

Booker, D.J., Woods, R.A. (2012) Hydrological estimates for the Waikato region NIWA Client report
prepared for Waikato Regional Council, June 2012, pp47.

MALF

Booker, D.J.; Woods, R.A. (2014) Comparing and combining physically-based and empirically-based
approaches for estimating the hydrology of ungauged catchments. Journal of Hydrology DOI:
10.1016/j.jhydrol.2013.11.007.

MeanFlow

Booker, D.J.; Woods, R.A. (2014) Comparing and combining physically-based and empirically-based
approaches for estimating the hydrology of ungauged catchments. Journal of Hydrology DOI:
10.1016/j.jhydrol.2013.11.007.

Feb

Booker, D.J.; Woods, R.A. (2014) Comparing and combining physically-based and empirically-based
approaches for estimating the hydrology of ungauged catchments. Journal of Hydrology DOI:
10.1016/j.jhydrol.2013.11.007.

FRE3NoWindow

Booker, D.J. (2013) Spatial and temporal patterns in the frequency of events exceeding three times the
median flow (FRE3) across New Zealand. Journal of Hydrology (NZ), 52, 15-40.

WetWidth

Booker, D.J., Hicks, D.M. (2013) Estimating wetted width and fish habitat areas across New Zealand's
rivers. Report to Department of Conservation, CHC2013-075, 33pp.
Booker, D.J. (2010) Predicting width in any river at any discharge. Earth Surface Processes and
Landforms. 35, 828-841.
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3.2

Wetted width

The method described by Booker and Hicks (2013) which itself followed that of Booker (2010) for
predicting width in any river at any discharge was followed to allow estimates of width at any
discharge for all locations in the REC network. This procedure applied a mixed-effects model to
calculate parameters describing the estimated at-a-station hydraulic geometry for width for each of
326 cross-sections located across New Zealand (Figure 2-3) using 25,000 pairs of observed width and
discharge.
In Booker (2010) a three parameter hydraulic geometry model was fitted. In Booker and Hicks (2013)
a simpler two parameter model was fitted. The advantage of the two parameter model over the
three parameter model is that the two parameter model will always predict increasing width with
increasing flows. This is not the case for the three parameter model, which can predict decreasing
width with increasing flows at very high flows due to curvature in the log-log relationship.
In Booker (2010) a standard stepwise multiple-linear regression was used to identify the minimally
adequate (i.e., most parsimonious) model for each parameter as a function of the appropriate set of
independent variables and their two-way interactions. However, when testing against independent
data this stepwise minimally adequate model only performed slightly better than a linear model
containing just catchment area and climate category from the River Environment Classification (REC).
Therefore this simpler model was fitted to predict the two required parameters independently.

3.3

National predictions

A regression technique called Random Forests was used to apply a regression of each observed
hydrological index as a function of available catchment characteristics (Table 3-3 and Table 3-4). This
method uses machine-learning by combining many regression trees into an ensemble to produce
more accurate regressions by drawing several bootstrap samples from the original training data and
fitting a tree to each sample (Breiman, 2001; Cutler et al., 2007; Hastie et al., 2009). All catchment
characteristics were available for all locations on the New Zealand river network (REC) and were
included in the Freshwater Environments of New Zealand (FWENZ) database. See Snelder and Biggs
(2002), Snelder et al., (2005) and Leathwick et al., (2011) for further details.
A Random Forest model comprises an ensemble of regression trees (a forest) from which a final
prediction is based on the predictions averaged over all trees (Breiman, 2001; Cutler, et al., 2007). A
random forest model is created by drawing several bootstrap samples (Efron, 1982) from the original
training data and fitting a single classification tree to each sample. Independent predictions (i.e.
independent of the model fitting procedure) are made for each tree from the observations that were
excluded from the bootstrap sample. These excluded samples are known as the out-of-bag (OOB)
samples. These predictions are aggregated over all trees (the OOB predictions) and provide an
estimate of the predictive performance of the model for new cases (Breiman, 2001). Each random
forest was developed by growing 500 trees. As the number of trees (k) increases the generalisation
error always converges and it was assumed that 500 was sufficiently high to ensure convergence.
Random forest models fitted using catchment characteristics have previously been shown to be able
to explain variation in hydrological patterns such as parameters describing FDCs (Booker and Snelder,
2012), the number of events per year that exceed three times the median flow (Booker, 2013) and
various other hydrological indices (Snelder and Booker, 2012).
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Table 3-3:
Codes and descriptions of independent variables used to fit regression models of Q5, MALF,
mean flow and Feb. See Leathwick et al., (2011) for full descriptions.

Variable name

Description

usPET_Q

Annual potential evapotranspiration of catchment (mm)

usRainDays10_Q

Catchment rain days, greater than 10 mm/month (days/year)

usAnRainVar_Q

Coefficient of variation of annual catchment rainfall (m)

usSteep_Q

% annual runoff volume from area of catchment with slope > 30° (%)

usCatElev

Average elevation in the upstream catchment (m)

usParticleSize_Q

Catchment average of particle size (ordinal scale)

Table 3-4:
Codes and descriptions of independent variables used to fit regression model of FRE3. See
Leathwick et al., (2011) for full descriptions.

Variable name

Description

Runoff_mm_yr

Runoff at the site (mm/year)

usRainDays10_Q

Catchment rain days, greater than 10 mm/month (days/year)

usDaysRainGT25

Annual catchment rain days greater than 25 (days/year)

segAveElev

Elevation of the site (m)

usAnRainVar_Q

Coefficient of variation of annual catchment rainfall (m)

usCatElev

Average elevation in the upstream catchment (m)

usArea

Catchment area (m2)

usParticleSize_Q

Catchment average of particle size (ordinal scale)

usAveSlope_Q

Catchment average of slope (m/m)

Since various transformations were applied to the observed hydrological indices (Table 3-1), any
potential bias in back-transformation should be removed (Duan, 1983). Any potential bias due to
back-transformation was removed by applying the appropriate smearing factors for log base 10 as
described by Costello et al. (2014) and square root transformations as described by Jones (2011).
At-a-station hydraulic geometry for width equations describe the at-a-station power-law
relationships between discharge and width. Hydraulic geometry for width parameters for all reaches
that comprise the New Zealand river network (NZreaches) allowed estimation of wetted width for
any river at any flow. Estimates of 7-day mean annual low flow (MALF) were used to provide
estimates of wetted width for all NZreaches at this reference flow.
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3.4

Model testing

Scatterplots of observed values on the y-axis versus predicted values after having standardised and
transformed each hydrological index (Table 3-1) were plotted (Piñeiro et al., 2008). Following the
suggestion of Moriasi et al. (2007), three model performance metrics were calculated for each set of
observed versus predicted values: Nash-Sutcliffe efficiency (NSE); percent bias (pbias); and ratio of
the root mean square error to the standard deviation of observed data (RSR). NSE is a dimensionless
metric that determines the relative magnitude of the residual variance (“noise”) compared to the
observed data variance (“information”) (Nash and Sutcliffe, 1970). pbias measures the average
tendency of the simulated data to be larger (negative pbias) or smaller (positive pbias) than their
observed counterparts (Gupta et al., 1999). RSR standardises RMSE using the observations’ standard
deviation, and it combines both an error index and the additional information recommended by
Legates and McCabe (1999). See Moriasi et al. (2007) and references therein for full details of these
performance evaluation metrics.
Further details of testing and validation are given in Booker (2013) for FRE3, Booker and Woods
(2013) for Q5 and Booker and Woods (2014) for the remaining hydrological indices. Previous model
testing included the application of jack-knife and out-of-bag procedures for ensuring independence
between fitted and predicted values when expressing goodness of model fit.
Full details of testing and validation of wetted width predictions are given in Booker and Hicks (2013)
and Booker (2010). Width models were tested against data that were independent of the model
fitting process.

18
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4

Results

4.1

Model Testing

Both visual inspection (Figure 4-1) and model performance metrics (Table 4-1) indicated that all
models had good explanatory power as indicated by comparison between out-of-bag predictions and
observed values. Positive values of NSE and low values of RMSD compared to observed values (Figure
4-1) indicated a good ability to discriminate between-site patterns in the observed values. pbias
values indicated that (when tested in standardised transformed space) the models had only very low
biases.
Models of Feb and FRE3 did show a slight tendency to under-predict low values and over-predict high
values. The models also showed a tendency to under-predict the number of sites with zero values for
MALF, Q5 and FRE3.
Table 4-1:

Various metrics quantifying correspondence between observed and predicted values.
Index

NSE

RMSD

pbias

RSR

Q5_norm_standardised_Root

0.72

0.025

0.255

0.53

MALF_standardised_Root

0.746

0.025

0.175

0.504

MeanFlow_standardised_Log

0.802

0.159

-0.31

0.445

Feb

0.438

0.184

0.226

0.75

FRE3NoWindow

0.625

4.412

0.229

0.612
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FRE3NoWindow

0.0

0

10

0.5

20

1.0

30

1.5

40

2.0

Feb

0.0

0.5

1.0

1.5

2.0

0

20

30

40

-1.0
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Figure 4-1: Scatterplots of observed vs out-of-bag (independent) predictions. Solid line shows 1:1, dashed
line shows linear regression.

The two parameter hydraulic geometry model for width performed well (Figure 4-2). The root-meansquare-error (in log-log space) was 0.203. This was higher, but comparable to the RMSE for the
20
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equivalent three parameter model, which was 0.153 (Booker 2010). Overall these results indicate
that the two parameter hydraulic geometry for width model was unbiased, but also had some
associated uncertainty (quantified as being 0.203 in log-log space on average).
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Figure 4-2: Observed wetted width at 197 RHYHABSIM sites against predicted values. Solid line shows 1:1,
dashed line shows linear regression. RMSE is root mean squared error in log–log space.

4.2

National maps

Q5, MALF and Mean Flow can be expressed as flow rates (Figure 4-3, Figure 4-4, Figure 4-5). Here
flow rates are expressed as cubic metres per second. Essentially, these maps show that river
segments with bigger catchment areas are expected to have larger flows. This is true for both low
flows and mean flow. The same indices can also be expressed after having divided by catchment area
to give a specific flow (Figure 4-6, Figure 4-7, Figure 4-8). Here specific flows are expressed as cubic
metres per second per square kilometre. These maps show strong regional patterns in hydrology
across New Zealand. Lower specific low flows (Q5 and MALF) are present across the each coast of the
North Island and the north of the North Island. Lower specific low flows are also present across the
east coast of the South Island with the exception of the larger rivers that flow from the Southern
Alps. Higher specific low flows are present in the central North Island and the west coast of the
South Island. A similar pattern is shown for specific mean flows, except that differences between the
east and west of the South Island are more extreme, and differences across the North Island are less
extreme in comparison with specific low flows.
The majority of river segments have mean flows in February that are lower than their long-term
mean flow, as indicated by the red and orange colours in Figure 4-9. Together Figure 4-8 and Figure
Hydrological indices for national environmental reporting
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4-9 indicate that, not only are flows generally lower for east coast and northern locations, but that
these locations also have less of their flows delivered in the summer months. River segments with
values greater than one indicate higher summer flows that are most likely sustained by snow melt.
The frequency of events exceeding three time the median flow (FRE3) represents flow flashiness.
FRE3 reflects the magnitude of the median flow and also the frequency of mid-range flow events.
Figure 4-10 indicates that the more steady flow regimes are located across the east coast of the
South Island and in the central North Island.
Figure 4-11 shows predicted values of wetted river width at MALF. In general river segments with
larger catchments are wider.
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Figure 4-3:

National map of Q5 (1 in 5 year low flow). River segments of Strahler order 3 and above.
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Figure 4-4:
above.
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National map of 7-day MALF (mean annual low flow). River segments of Strahler order 3 and
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Figure 4-5:

National map of mean flow. River segments of Strahler order 3 and above.
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Figure 4-6:
above.
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National map of specific Q5 (1 in 5 year low flow). River segments of Strahler order 3 and
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Figure 4-7:
and above.

National map of specific 7-day MALF (mean annual low flow). River segments of Strahler order 3
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Figure 4-8:

28

National map of specific mean flow. River segments of Strahler order 3 and above.
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Figure 4-9: National map of Feb (mean flow in February divided by mean flow). River segments of Strahler
order 3 and above.
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Figure 4-10: National map of FRE3 (the frequency of events exceeding three time the median flow,
calculated from mean daily flows, with no windows). River segments of Strahler order 4 and above.
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Figure 4-11: National map of wetted width at 7-day MALF (mean annual low flow). River segments of
Strahler order 3 and above.

Hydrological indices for national environmental reporting

31

5

Discussion

Models of hydrological indices were fitted to data from sites that were not affected by large
engineering projects such as dams, diversions or substantial abstractions. Predictions therefore
represent conditions that are considered to be reasonably natural. These predictions are not
intended to represent observed flow regimes for river reaches downstream of large engineering
schemes such as those found on some of New Zealand’s larger rivers (e.g. the Waikato, Rangitata,
Waitaki, Clutha and Waiau rivers). Observed flow data should be available for these large rivers with
significant upstream controls.
Models were fitted to data from multiple years of data from multiple gauging stations. Predicted
hydrological indices therefore represent conditions across all time, rather than for particular years or
time periods.
Flow time-series from a relatively large number of gauging stations were used to fit models of
hydrological indices. However, because flow time-series are held by various organisations across New
Zealand (including NIWA, regional councils and power companies), and because various permissions
must be sought prior to obtaining some flow time-series, not all available flow time-series were used
in this analysis. For the purposes of consistency, the flow time-series analysed were those also used
in Booker (2013) and Booker and Woods (2014). No flow records were therefore included from
beyond 2012.
Mean flow values given in Figure 4-5 and Appendix A were predicted from the random forest
methods described in Section 3.3. These values differ from predicted values of mean flow from
Woods et al., (2006), which are included in the FWENZ database. It should be noted that Booker and
Woods (2014) showed that the predictions of the already published method of Woods et al., (2006)
performed slightly better than the random forest method for mean flow.
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Conclusions

Hydrological indices that may be of use in national environmental reporting were described. These
indices are used to represent the 1 in 5 year 7-day low flow, the 7-day mean annual low flow, the
mean flow, the ratio of February mean flow to the long-term mean flow and the frequency of events
exceeding three times the median flow. Together these hydrological indices represent various parts
of the flow regime that can be related to various in-stream and out-of-stream values. The calculation
of these indices from flow time-series observed at gauging stations across New Zealand was
described. Regression models used to relate each hydrological index to known catchment
characteristics were then described. These regression models were then used to predict national
patterns for each hydrological index for the entire New Zealand river network. For wetted width,
model performance was quantified by comparing predicted values with an independent data set.
Model performance for ungauged sites was assessed by comparing observed values with out-of-bag
predictions for the remaining hydrological indices. All models showed a good ability to discriminate
between-site patterns. Maps representing the predicted values were given and the details of the
predicted and observed data files are given in Appendix A.
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Appendix A
Table A-1:

Appended files

Reports and papers appended to this report.

File name

Reference

CHC2012_095.pdf

Booker, D.J., Woods, R.A. (2012) Hydrological estimates for the Waikato
region NIWA Client report prepared for Waikato Regional Council, June
2012, pp47.

Booker_ESPL_wetted
width.pdf

Booker, D.J. (2010) Predicting width in any river at any discharge. Earth
Surface Processes and Landforms. 35, 828-841.

Booker_FRE3_JoHNZ.pdf

Booker, D.J. (2013) Spatial and temporal patterns in the frequency of
events exceeding three times the median flow (FRE3) across New
Zealand. Journal of Hydrology (NZ), 52, 15-40.

BookerWoods_Comparing
hydrological
estimates_JoH_2013.pdf

Booker, D.J.; Woods, R.A. 2014: Comparing and combining physicallybased and empirically-based approaches for estimating the hydrology of
ungauged catchments. Journal of Hydrology DOI:
10.1016/j.jhydrol.2013.11.007.

CHC2013_075.pdf

Booker, D.J., Hicks, D.M. (2013) Estimating wetted width and fish habitat
areas across New Zealand's rivers. Report to Department of Conservation,
CHC2013-075, 33pp.

Table A-2:

Data files appended to this report.
File name

MFE14505NationalPredictions
.csv

Description
For all NZreaches of the REC v1:
NZReach = reach identifier for REC v1.
segXcentroid = grid co-ordinate
segYcentroid = grid co-ordinate
ORDER = Strahler stream order
Q5_normCumecs = 1 in 5 year 7-day low flow prediction (m3s-1)
MALFCumecs = 7-day mean annual low flow prediction (m3s-1)
MeanFlowCumecs = mean flow prediction (m3s-1)
Feb = mean flow in February divided by mean flow prediction
(unitless)
FRE3NoWindowCount = number of events exceeding three times the
median flow prediction (n per year)
WidthAtQ5_normCumecs = river wetted width at 1 in 5 year 7-day low
flow (m)
WidthAtMALFCumecs = river wetted width at 7-day MALF (m)
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File name
ObsHydrolFrame.csv

Description
For each observed flow time-series:
nYearsTotal = the number of full hydrological years that were used in
the calculations
nGapsTotal = the number of days with missing data across all years
used in the calculations
MeanFlow = mean flow (m3s-1)
MALF = 7-day mean annual low flow (m3s-1)
Q5_norm = 1 in 5 year low flow (m3s-1)
Feb = mean flow in February divided by mean flow (unitless)
FRE3 = number of events exceeding three times the median flow (n
per year)
GaugeNumber = gauging station reference number
Sitename = site name as given by data provider
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