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Trends are used to
determine change
Analysis of trends using statistical tests and models

can provide accurate and reliable information about

how much a tributary’s nutrient water quality is

changing over time. Trends are regularly used as a

measure of degradation or improvement in surface

water quality. Increases over time in nutrient
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Ellen Brook monitoring site, September 1999

concentration, for example, have been linked to

eutrophication of receiving waters, while decreases

over time in nutrient concentration relate to the

effectiveness of management intervention.

Environmental agencies are particularly interested

in trends in water quality as an environmental

performance indicator and are especially interested

in trends that can be linked to changes in land use or

management initiatives.
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The delivery of nutrients to the Swan and
Canning rivers has changed over time
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Trends are due to natural
variation or change in nutrient
source
The intensity or scale of change in the catchment

will affect the magnitude of trend in nutrient con-

centration of a receiving waterbody. Management

agencies are generally most interested in trends

caused by a change in the supply of nutrients from

catchments.

Trends in nutrients may also be introduced by fac-

tors other than by changes in the supply and transport

of nutrients to waterways. Chance may introduce a

trend component to a long data time series. All data

series generally have some evidence of an increase

or a decrease. The element of chance is accounted

for by using statistical inference, which ascribes a

probability of the trend in the data reflecting a real

trend in the monitored waterway.

Natural variation in hydrologic factors may also

influence the mobilisation of nutrients and their

concentration in waterways. Concentration of

nutrients in waterways sometimes increases during

storm events due to the influx of nutrient rich

material. Wetter years, with a higher frequency or

intensity of storm events, will produce flows with

increased nutrient concentrations compared to those

observed in flows from drier years. The influence of

hydrologic variation on in-stream nutrient

concentrations must be accounted for and adjusted

prior to trend analysis.

A change in sampling regimes (i.e. opportunistic,

fixed interval, stratified, etc.) over the monitoring

period will also create an illusion of trend. Statisti-

cal methods cannot account for this uncertainty.

Changes in analytical procedures or sampling meth-

odologies will also influence variation in data series.

Quality assurance and control (QA/QC) systems

and laboratory auditing are essential to establish

consistency in sample collection, sample handling,

storage and analytical chemistry. Changes in QA/QC

result in a uniform change for all monitored sites

and represent a sudden shift in the distribution and

spread of the collected data. Care is taken to record

all changes in the operation of the monitoring pro-

gram so any trends due to changes in methodology

can be appropriately interpreted.
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TN samples were collected over the 1987-98 monitoring period at South Belmont
Main Drain (A). When statistical trend tests were performed on the data series a
decreasing trend of magnitude -0.07 mg/L per year was apparent (B).

Mills Street Main Drain monitoring site, June 2000.

Trends in nutrient levels in the Swan-Canning catchment
The following map displays the 15 monitoring sites

in the Swan-Canning catchment and identifies those

sites where trends were detected in either total
nitrogen or total phosphorus. No monitored sites

showed an increasing trend; most sites showed no

trend and some sites showed evidence of a decrease
in nutrient concentrations over the 1987 to 1998

monitoring period. Whether this is the result of

changes in the monitoring program, land use,
hydrology, climatic cycles or a result of management

initiatives has yet been determined and further

research will be necessary to determine the cause of
the trends.
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South Belmont Main Drain
Nutrients decreased markedly over the 1987 to
1998 monitoring period. Total nitrogen fell at a
rate of -0.07 mg/L per year and total phosphorus
fell at a rate of -0.01 mg/L per year. The improve-
ment may be due to a series of step changes,
possibly the result of improvements in waste-
water discharge practices over time. Gradual
improvements in wastewater disposal practices
by many companies over the duration of moni-
toring (such as EPA licences regulating an
industry’s wastewater discharges) will produce
step changes in nutrient water quality. Ground-
water discharge of nutrients will also play an
important role in affecting the drain’s water qual-
ity given that it is unlined and the predominant
soil type in the catchment is leachable sand.

Ellen Brook
A decreasing trend in total phosphorus of -0.04
mg/L per year was detected in Ellen Brook from
1994 to 1998. The decrease in total phosphorus
concentration is environmentally significant given
that Ellen Brook contributes the second largest
phosphorus load to the Swan River. The decreas-
ing trend in phosphorus has not yet been linked
with a known change in catchment condition,
although this is entirely possible given the level
of community education and management atten-
tion directed to the region during the 1990s.
Further analysis of land use change and farming
practices over the monitoring period is required
to establish whether the trend is due to effective
catchment management; for example, improved
fertilising practices by farmers, reduced stock
access to drains, bank stabilisation or removal of
point sources.

Bennett Brook
A decreasing trend in total nitrogen was detected
of -0.07 mg/L per year over the 1987 to 1998
monitoring period. The catchment is currently
undergoing rapid changes in land use, with agri-
cultural areas being rapidly converted to
residential areas; for example, a change from
market gardens to residential areas is known to
reduce nutrient input. The changes are gradual
and possibly linked to changes in diffuse ground-
water contributions of nitrogen.

Mills Street Main Drain
Nitrogen concentrations increased and then fell
over the 12-year period suggesting a nitrogen-rich
source entering and then leaving the drain during
the period of monitoring. Most of the catchment is
situated on leachable sand soils that are conducive
for the transport of nutrients via groundwater.
Although the drain is a relatively minor delivery
source of water to the Canning estuarine system
(~8%), it is an important source given it dis-
charges high nutrient concentrations to a
hydrologic system that is not well flushed. Thus
nutrient input from the drain is believed to be a
primary trigger for phytoplankton blooms in the
lower Canning River and estuarine system.

Between 1987 and 1990, a large increasing
trend of +0.44 mg/L per year in total nitrogen was
observed. This was followed by several years of
elevated total nitrogen concentrations in the drain.
Between 1994 and 1998, a decreasing trend of
-0.30 mg/L per year was apparent which resulted
in total nitrogen concentrations returning to 1987
levels. The sequence of events in the total nitrogen
data for Mills Street Main Drain suggests that a
groundwater plume of nitrogen was introduced to
the soil-lined drain which persisted for a period of
time before being exhausted.

Southern River
Southern River contributes the greatest volume
of water (~30%) to the Canning estuarine system
and showed evidence of a large decreasing trend
in total phosphorus of -0.04 mg/L per year be-
tween 1987 and 1990. A gradual decrease in
phosphorus concentrations in the baseflow sam-
ples over the four-year period suggests the source
was probably due to diffuse groundwater contri-
butions. Further analysis of catchment land use
and practices in Southern River is required to
confirm the cause of the trend. After 1990 there
was no evidence of change in total phosphorus
concentrations in Southern River.

Bayswater Main Drain
Phosphorus concentrations decrease markedly
between 1987 and 1990 falling at a rate of -0.15
mg/L per year. The improvement may be linked
to a reduction in point source emissions or a
decrease from a diffuse source of phosphorus.
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Trends are due to natural
variation or change in nutrient
source
The intensity or scale of change in the catchment

will affect the magnitude of trend in nutrient con-

centration of a receiving waterbody. Management

agencies are generally most interested in trends

caused by a change in the supply of nutrients from

catchments.
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fixed interval, stratified, etc.) over the monitoring

period will also create an illusion of trend. Statistical

methods cannot account for this uncertainty.

Changes in analytical procedures or sampling

methodologies will also influence variation in data

series. Quality assurance and control (QA/QC)

systems and laboratory auditing are essential to

establish consistency in sample collection, sample

handling, storage and analytical chemistry. Changes

in QA/QC result in a uniform change for all

monitored sites and represent a sudden shift in the

distribution and spread of the collected data. Care is

taken to record all changes in the operation of the

monitoring program so any trends due to changes in

methodology can be appropriately interpreted.

Mills Street Main Drain monitoring site, June 2000.
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TN samples were collected over the 1987-98 monitoring period at South Belmont
Main Drain (A). When statistical trend tests were performed on the data series a
decreasing trend of magnitude -0.07 mg/L per year was apparent (B).
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Trend type is related to
nutrient source
Trends in nutrients may be due to the interaction of

a variety of factors such as land use, farming

practices, geology, vegetation and the many

hydrological pathways from the catchment to the

waterway. Because of lags in transport time through

the catchment, linking a trend in nutrient

concentrations to a change in catchment condition

is often difficult. However, because the transport

processes are so different for point and diffuse

sources of nutrients, each is likely to result in a

characteristic trend.

Trends in nutrient water quality due to point sources

are likely to be characterised by a ‘step change’

(large and sudden) and may be attributed to either a

change in the relative number of point sources or a

change in emission levels (e.g. regulatory licensing

of industrial effluent). These sudden localised

changes in nutrient levels are relatively easy to

detect. In contrast, trends from diffuse sources of

nutrients in catchments are likely to be characterised

by a steady slow change in nutrient levels over a

much longer period. These trends are much harder

to detect and to quantify. There have been few

attempts in Western Australia to characterise the

types of trends that can be expected due to changes

in land management at the catchment scale.

Statistical methods are used
to detect trends
Changes brought about by human activity are of

most interest to management and will usually be

superimposed on natural sources of variation. So

how are we able to distinguish trends in water

quality data due to anthropogenic factors from

nature’s influences? As a starting point, the influence

of flow and seasonal variation in the nutrient data

series must be examined prior to analysis for trending

periods.

The Mann Kendall test is normally used to deter-

mine the statistical significance of trending periods

in a data series. It is a non-parametric test and is

only used when seasonal cycles in the data series

are absent. When seasonal cycles are evident in a

data series the Seasonal Kendall test is used to test

for trend. Seasonal cycles in nutrient concentration

are common in waterways and can be introduced by
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Seasonal Sen
slope estimator

An example of how the Seasonal Sen slope estimator represents the slope of the
trend line in a seasonal nutrient data series. The Seasonal Kendall test found the
trend to be significant (Z = 6.48; p < 0.001) and possessed the required number of
independent samples. The Seasonal Sen slope estimator showed that total nitrogen
concentration increased by an estimated + 0.20 mg/L every year between 1992 and
1997.

natural cycles in rainfall, runoff, tributary hydrol-

ogy and seasonal variation in groundwater. Usually,

modelling of the flow versus nutrient concentration

relationship is needed to remove the hydrological

influences and sometimes helps in the removal of

seasonal cycles.

The resulting ‘flow-adjusted’ data provides

management with an improved perception of trends

occurring in the waterway that are not linked to

changes in hydrology or climate. The magnitude or

slope of the trend was determined using the Sen

slope estimator. The Sen estimate is the median

slope of all possible slopes calculated using all

inter-annual pairs of samples. In the presence of

seasonal cycles the Seasonal-Kendall slope estimator

was used, which is the median slope of all possible

slopes calculated using pairs of samples collected at

the same time each year.

A trend is found to be statistically significant when

the overall change is large relative to the variation

of the data around the trend line. Unfortunately,

when analysing long periods with large numbers of

samples any trend, no matter how small, will be

statistically significant. Statistical significance alone

is therefore insufficient to conclude the presence of

trend. A second criterion, an analysis of sample

size, is required to determine whether a sufficient

number of independent samples have been collected

to detect a trend. This was done by comparing the

number of independent samples actually collected

with the number of ‘independent’ samples required

to detect a trend over the monitoring period. When
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both criteria are met (statistical significance and a

sufficient independent sample size), then a trend is

considered to be detected. The direction of a detected

trend either increases (representing a deterioration

of water quality) or decreases (representing an

improvement in water quality).
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