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2.1 Overview

Water Quality Analyser (WQA) is an integrated collection of data analysis and assess-
ment tools. The Data Management and Visualisation Module functions as the central
hub of data flow and visualisation, while other modules perform specific scientific anal-
ysis. The overall architectural diagram is shown below, followed by short description of
each module.

» Data management and visualisation

+ Loads Tool

+ Trend Tool

+ Guidelines tool

» Dashboard

» eGuides
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The overall architectural diagram is shown below following by short description of each
module.
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Figure 2.1: WQA Architectural Diagram

2.1.1 Data Management and Visualisation Module

The Data Management and Visualisation Module is a tool designed to import, store, ex-
port and visualise water quality data. It functions as a data store and simplifies the pro-
cess of preparing data for scientific analysis. It consists of a local file-based database,
a visual chart component and several processing tools. Each processing tool provides
feedback about the state of a time series and a set of recommended actions to perform
on the time series.
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Figure 2.2: WQA Data Management and Visualisation Module

2.1.2 Loads Tool

The determination of constituent loads or loading rates from rivers and streams is not a
trivial task. Reducing estimation errors requires the application of special load estima-
tion techniques to compensate for the relative lack of concentration data and large di-
versity of sampling methods. The 30-plus alternative load estimation methods make as-
sumptions about the behaviour of pollutant concentrations in-stream during times when
water quality isn’t sampled. This tool presents nine of the most common methods for
long-term load calculation and four methods for estimating loads from storm events. It
can also calculate event mean concentration (EMC) values for use in catchment mod-

elling exercises.
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Figure 2.3: WQA Loads Tool

2.1.3 Trends Tool

The Trend Analysis tool allows statistical testing of trend, change and uncertainty in
water quality and other time series data. It is a major enhancement of the original trend
tool developed by the CRC for Catchment Hydrology, based on feedback from CRC
partners. The current version presents the following 13 statistical tests:

» Spearman’s Rho (non-parametric test for trend)

+ Linear Regression (parametric test for trend)

« Distribution-Free CUSUM (non-parametric test for step jump in mean)
+ Cumulative Deviation (parametric test for step jump in mean)

» Worsley Likelihood Ratio (parametric test for step jump in mean)

+ Rank-Sum (non-parametric test for difference in median from two data periods)

Student’s t (parametric test for difference in mean from two data periods)
+ Median Crossing (non-parametric test for randomness)
» Turning Points (non-parametric test for randomness)

» Rank Difference (non-parametric test for randomness)

Autocorrelation (parametric test for randomness)

Seasonal Mann-Kendall
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Figure 2.4: WQA Trends Tool

2.1.4 Guidelines Tool

The guidelines tool is a statistical tool developed to: calculate locally relevant guideline
values; store guideline values in a searchable database for later recall; and test new
datasets against guideline values to provide a statistically sound indication of the health
of a site. The procedures used in this tool are based on the methods in ANZECC &
ARMCANZ 2000. Both referential and biological approaches are available for setting
up guidelines, depending on type of available data. The tool can also assist in the
development of water quality targets by providing a method to calculate proportional
improvements in a measured variable. The Guideline Tool has been built with a user-
friendly interface for easy operation and the system comes with comprehensive help
materials for operations as well as technical information for use in deriving local water
quality guideline values.

(Guidelines - ax
Guideline Type Value Indicator Result

Search for Guideline  Remove From List  Create New Guideline ~ Create New Target. Test Guideline  Save Results

Figure 2.5: WQA Guidelines Tool

2.1.5 Dashboard

The Dashboard provides an interactive display area that allows multiple charts to be pre-
sented on a single panel for analysis of statistical data. Users can also easily compare
and contrast different charts at a glance.
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2.1.6 eGuides

eGuides is an electronic document which consists of a number of commonly referred to
water quality guideline documents. The current version of eGuides contains the follow-

ing documents.

Figure 2.6: WQA Dashboard

+ ANZECC/ARMCANZ 2000 Monitoring & Reporting Guidelines

+ ANZECC/ARMCANZ 2000 Water Quality

+ NHMRC 2005 Recreational Water Quality

+ Queensland Water Quality Guidelines
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Figure 2.7: WQA eGuides
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2.2 Features

The Water Quality Analyser has a wide range of end-users including community groups
and volunteers. Therefore, user-friendliness and easy handling of both inputs and out-
puts are important for the success of these utilities. The Water Quality Analyser is
designed with a user-friendly interface and no special computer skills are required to
run the tools. Enhancements in this version include:

+ Visual and interactive data processing component

« Built in quick start help system for beginners

+ Ability to export output as a spreadsheet or image

« Ability to export output as a spreadsheet or image

« Collection of processing tools with visual feedback

+ Ability to work with multiple time series using Chart layers

» Presents multiple charts on a single panel

The electronic documents (eGuides) in standard Microsoft Windows Help format provide
a valuable knowledge base for water quality data analysis and assessment.

2.3 Audience

A wide range of stakeholders were recognised as end-users, and they are summarised
in the following table.
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Use

Primary users

Secondary users

Pollution / regulation

« State regulator
* Local government
* NRM bodies

* Industry clients

* Industry

Technical staff

Consultants

« Commercials

Monitoring design,
assessment and
reporting

+ State agencies
* NRM bodies

* NRM groups

» Councils

Catchment groups

Community groups

Water watch

* Land holders

SOE Reporting / NPI
(National Pollutant

organisations

» Educational
institutes

Inventory) » Federal + State government
Government
+ Local government
Research and Education
» Research » Scientists

« Technical staff

« Students

2.4 References and training

Seehttp://www.ewatercrc.com.au/training forupcoming training courses
or to register an interest in a course. For Technical information and software bugs please

contact following person/s:
Dr Sunil Tennakoon

Principal Scientist

Water Quality & Aquatic Ecosystem Health

Environment and Resource Sciences

Queensland Department of Environment and Resource Management

Block B East Level 1, 41 Boggo Road



http://www.ewatercrc.com.au/training
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Dutton Park, QLD 4102, Australia
Phone: +61 7 3170 5558
Fax: +61 7 3170 5799

Email: sunil.tennakoon@derm.gld.gov.au

2.5 Related documents

The list of user manuals produced for Water Quality Analyser utilities is as follows:

+ User guide for time series data manager
+ User guide for guideline tool

+ User guide for loads tool

+ User guide for trend analysis tool

+ User guide for dashboard

+ Built-in help for eGuides use.

A comprehensive context-sensitive help system has been built into the Water Quality
Analyser to provide technical and user guides to end-users.

2.6 Product components

Water Quality Analyser contains the following modules:

+ Data management and visualisation module
+ Loads tool

+ Trends tool

+ Guidelines tool

» Dashboard

» eGuides

The installation file can be downloaded from the Toolkit website,

http://www.toolkit.net.au.



mailto:sunil.tennakoon@derm.qld.gov.au
http://www.toolkit.net.au.
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2.7 \Version history

Date Author Revision Description of
change
September 2011 2.01 Updates to reflect
latest WQA
+ Sunil

software release
Tennakoon

« Jason Shen

* Yanning
How

* Michael
Emery

October 2010 2.0.0 Updates to reflect
. latest WQA

* Sunil software release

Tennakoon

« Jason Shen

* Michael
Emery
August 2008 1.0.0 Creation of user
] guide
* Sunil
Tennakoon

2.8 Limitations and caution notes for users

» This package is being delivered "as is", and eWater Ltd makes no warranty as to
its use, reliability or performance.

» Users assume all risks associated with the quality, performance, installation and
use of all utilities in Water Quality Analyser including, but not limited to, equip-
ment, loss of data or software programs, or interruption to operations.

» Users are solely responsible for determining whether Water Quality Analyser is
appropriate for their own use or purpose and they assume all risk for any loss
or damage resulting directly or indirectly from their use of or inability to use the
software.

+ Users should be aware of input data requirements.




Chapter 3

Getting Started

Installation and Uninstallation
Navigation

Toolbars

Panels

Data Operations

3.1 Installation and Uninstallation

To install the software, double-click the supplied exe file and follow the wizard. If Microsoft
.NET Framework 4 is not installed on the host system, download and install it.
Once the Water Quality Analyser software installation is complete, a start menu item
appears in the All Programs -> DERM -> WQA submenu. Double-click the WQA shortcut

to launch the software.

Minimum software requirements:
» Windows XP Service Pack 3
* Windows Installer 4.5

* .NET Framework 4.0
» SQL Server Compact 3.5 SP2

40MB free disk space

3.2 Navigation

The Water Quality Analyser interface consists of five main components:


http://www.microsoft.com/downloads/en/details.aspx?displaylang=en&FamilyID=9cfb2d51-5ff4-4491-b0e5-b386f32c0992
http://www.microsoft.com/downloads/en/details.aspx?displaylang=en&FamilyID=9cfb2d51-5ff4-4491-b0e5-b386f32c0992
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+ Toolbars: Contains a collection of tools for data operations and management

* Projects panel: Contains a list of projects, set and time series imported into the
WQA database

* Properties panel: Contains information about the currently selected item
 Chart layers panel: Contains a list of all opened time series

» Chart area: Provides an interactive, visual representation of the opened time
series

3.3 Toolbars

3.3.1 Menu bar

The menu bar consists of seven main menu items: File, Edit, View, Process, Analyse,
Tools and Window. The File menu provides data operations commands for time series
data such as Import, Export and Save. The Edit menu provides options relating to the
currently selected or active item as well as editing operations such as undo, redo and
delete. The View menu contains a list of options dealing with the visibility of panels on
the interface, the appearance of the chart and additional information windows such as
the log menu. The Process menu contains a list of available processing tools relating
to one or more time series. The Analyse menu contains a list of analysis tools such
as a basic statistics menu, the loads tool, trends tool, guidelines tool and eGuides tool.
The Tools menu contains administrative tools for database import and export, addition of
indicators, units and other data types, application theme options and software updates.
The Window menu provides tools to change the window layout.

o =1
File Edit View Process Analyse Tocls Window Help 4"/
EHB 4DHB 2 el z d s | [EHE B (E=E] =

Figure 3.1: Menu Bar

3.3.2 Standard toolbar

The standard toolbar consists of a set of icons below the menu bar. The standard toolbar
icons provide quick shortcuts to tools which would ordinarily be accessed through the
menu bar. Each set of icons is split into groups representing the relevant category.

o =
File Edit View Process Analyse Tools Window Help

EEE 4002 ek o0 i@EEERE

Figure 3.2: Standard Toolbar
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3.4 Panels

3.4.1 Projects panel

The Projects panel displays a list of all projects, sets, time series and historical time series
stored in the local database. It provides options to open, edit or delete time series.
Double-clicking a time series in the projects panel opens it for processing. The items in
the projects panel are displayed in a hierarchical view in the form of Project -> Set ->
Time series -> Historical time series. To expand a hierarchy level, left-click the expansion
arrow to the left of an item name. The expansion arrow points down to indicate that the
hierarchy level is opened. To collapse a hierarchy level, left-click the expansion arrow
again.

Projects - I X
+ Spreadsheet Examples
-1 Example Project

Campaspe

Bl Campaspe [Flow (MLIday)
+ Event
4 Lve

¥ Mary

Figure 3.3: Projects Panel

3.42 Properties panel

The Properties panel displays a list of contextual information about the most recently se-
lected item. When a project, set, time series or sample result is selected, the properties
panel will display a concise list of information pertaining to that item. The information
in the properties panel is for viewing only. In most cases, the properties can be edited
through the Edit -> Properties button.
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Properties -~ 0 X
Mame Campaspe -
Indicator Flow (MLiday)

QA rating F
Historical MNeo

Modified Tes

Regular ime ste Mo

Cutliers process Mo

Figure 3.4: Properties Panel

3.43 Chart Layers Panel

The Chart Layers panel displays a list of all opened time series. Each time series is
associated with a colour-coded layer. Each layer item contains a vertical bar indicating
the colour of the layer, a checkbox to indicate whether the layer is visible, the name
of the layer and a colour swatch button to view or edit the appearance of the layer.
Operations such as selection or deletion of points in the chart only apply to the active
layer. Only one layer can be active at a time. The active layer is indicated by the use of
bold text, and a thicker axis line in the chart.

Chart Layers -~ 0 X

+| Mary [T otal nitrogen (ug/L)] e

I | Mary [Suspended solids (mg/L)] -
Remove

Figure 3.5: Chart Layers Panel

3.44 Panel Layout
3.4.4.1 Unpinning a panel
By default, the Projects panel, Properties panel and Chart layers panel are pinned to the main

interface. To unpin a panel, click the pin button in the top right corner of the panel. A
tab appears with the panel name on the docked edge. Move the mouse away from the
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panel to allow it to slide off the main interface. Left-click or hover over the tab to show
the panel again.

Projects > I X
Spreadsheet Examples
= Example Project

Campaspe
Event
Lye
Mary

Figure 3.6: Panel Pin Button

3.4.4.2 Floating a panel

To float a panel at any position in the main interface, left-click and drag the title bar of a
panel into the centre of the main interface. The panel undocks and floats over the main
interface. The floating panel can be moved using the same procedure.
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| — = 1 S | I [ [y S gy == = [
- 0 X
Spreadsheet Examples ‘
Project= »

Spreadsheet Examples
= Example Project

[+

Campaspe

Event

[+

Lo

+

Mary

Figure 3.7: Panel Title Bar

3.44.3 Docking a floating panel to a dock area

To dock a floating panel to a dock area, left-click and drag the title bar of a panel to an
area over the main interface. The docking indicators appear. Release the mouse button
over a docking indicator to dock to that location.
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i EHE & QI @ & X kL

Properties - 1 X

Selection size 42

Selection start =111993 12:00:0 250.00
Selectioner= | « | 121993 12:00:

Selectiol EJ_E 100
[~
/‘L o

Spreadsheet Examples
=1 Example Project

200.00

Chart Layers
. Ave[Total 5|1lspe|ﬂ

enlidz fmaf )

Figure 3.8: Docking a Panel

3.4.4.4 Hiding or showing a panel

To hide a panel, click the x button in the top right corner of the panel. To show a panel
again, click the panel name in the View menu.

Spreadsheet Examples
= Example Project

Campaspe
Event
Love

F [

Mary

Figure 3.9: Panel Close Button

3.4.45 Resetting the window layout

Resetting the window layout causes the toolbars and panels to be reset to the default
positions. To reset the window layout, click the Window -> Reset Window Layout button.
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3.5 Data Operations

All imported time series are stored in a local database. Two or more users can share
databases by using the database export and import tools. To export a database, click
the Tools -> Export Database... button. The database can be stored on the local machine
or to external media for sharing. To import a database, click the Tools -> Import Database...
button and select a database. Importing a database replaces the current database. To
temporarily view a database without replacing the local database, click the Tools ->
Change Database... button.
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Procedures

Project Management
Time Series Management
Time Series Visualisation
Time Series Processing
Statistical Analysis

Load Estimation

Trend Tool

Dashboard

Guideline Tool

eGuides

4.1 Project Management

The Water Quality Analyser has a four level hierarchy consisting of projects, sets, Time
series and historical time series. Under a Project you can store a number of sets and
under a set a number of Time series can be stored.

411 Creating a new project

To create a new project, click the File -> New Project... button. The New Project form
appears. The name and a brief memo (500 characters or less) can be specified. Click
the Save button to save the empty project. The Project appears in the Projects panel.
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Create a new project

Create a new project to store data

Maming

Mame: Example Project

Memo

This is @ mema.

Save

[ cance

Figure 4.1: New Project Form

412 Creating a new set

To create a new set, first ensure a Project is selected in the Projects panel. Click the
File -> New Set... button. The Create New Time Series form appears. The name, water
system, sample location and a brief memo (500 characters or less) can be specified.
Click the Save button to save the empty set. The set appears in the Projects panel under

the selected project.
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L e .
- S .
25 Create Mey

.....

im
1

'}

T

Create new set

Create a new set

Maming

MName: Example Set

Grouping

Water system: Example Wwater System -
Sample location: Example Sample Location -
Memo

This is & mema.

Save ] ’ Cancel

Figure 4.2: New Set Form

4.1.3 Navigating projects, sets and time series

The Projects panel has a hierarchy of four levels. The top level is the Project level. A
Project is used to hold a group of related sets. Each set is associated with a sample
location. A set can contain one or more Time series from the same sample location. A
Time series can contain zero or more historical time series. The four hierarchy levels
(Project -> Set -> Time series -> Historical time series) can be accessed by left-clicking the
expansion icons in the projects panel.
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Projects -~ 1 X
Spreadshest Examples

=0 Example Project

= Campaspe

= Campaspe [Flow (MLiday)
19082011 13:22:07

Event

[+

Le

[+

Mary

Figure 4.3: Projects Panel Expanded View

4.1.4 Editing Project Properties

To edit the properties of a project, left-click the Project in the Projects panel, then click the
Edit -> Properties button. An Edit Project form appears with fields to edit the name and to
include a brief memo (less than 500 characters) associated with the project. Click the
Save button to save any changes.
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= P P
S COIt Froject

Edit a project
Edit an existing project

Maming

Mame: Example Project

Memo

This is @ mema.

Save

[ cance

Figure 4.4: Edit Project Form

4.1.5 Editing set properties

To edit the properties of a set, left-click the set in the Projects panel, then click the Edit ->
Properties button. An Edit Set form appears with fields to edit the name, water system,
sample location and to add a brief memo (less than 500 characters) associated with the

set. Click the Save button to save any changes.
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E¥ Edit Set
Edit existing set
Edit an exasting set
Maming
Name: | |
Grouping
Water system: Example Water System -
Sample location: Example Sample Location - Create Mew..
Memo
Save ] ’ Cancel

Figure 4.5: Edit Set Form

4.1.6 Editing Time series properties

To edit the properties of a time series, left-click the Time series in the Projects panel, then
click the Edit -> Properties button. An Edit Time Series form appears with fields to edit the
name, indicator, Project and set associated with the time series. Click the Save button to

save any changes.
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B L T Cariae
2F Cait lime sernes E]

Edit existing ime senes

Edit an existing time senes

Maming

Mame: Example Time Seres)

Grouping
Indicator: Total Suspended solids (mg/ll) =
Project: Example Project -

Save l ’ Cancel

Figure 4.6: Edit Time series Form

4.1.7 Deleting a project

To delete a project, left-click the Project in the Projects panel, then click the Edit -> Delete
button. A confirmation dialog appears to confirm the deletion. Any sets will be deleted
along with the project.

41.8 Deleting a set

To delete a set, left-click the set in the Projects panel, then click the Edit -> Delete button.
A confirmation dialog appears to confirm the deletion. Any Time series will be deleted
along with the set.

4.1.9 Deleting a time series

To delete a time series, left-click the Time series in the Projects panel, then click the Edit
-> Delete button. A confirmation dialog appears to confirm the deletion. Any historical
Time series will be deleted along with the time series.
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4.1.10 Moving a Time series into another set

To move a Time series into another set, left-click the Time series in the Projects panel, then
click the Edit -> Properties button. The Edit Time Series form appears. The Grouping box
displays options to modify the Project and set associated with the time series. Select a
new set in the Set combo box, then click the Save button. The Time series is moved to the
new set.

4.1.11 Creating or editing indicators and units

To create or edit an indicator, unit, water system, sample location, primary water type or
secondary water type, click the Tools -> Manage Metadata... button. The Edit Indicators and
Units form appears. Clicking a tab shows the data associated with the name of the tab.
To create a new item, click the Create New... button. To edit an existing item, either click
a cell to edit the value or click the Edit... button to view an editing form for the active row.

] Manage Metadata —|= X
findicators: | Units | \iater Systems | Sample Locations | Primary Water Types |  Secondary Wiater Types |
MName Short Mame ls Flow Unit |:|
» I T =
1.1-Dichloroethens 1.1-Dichlorosthene ug/L
1,1-dichloroethens 1.1-dichlorosthene ma/L
1,1,2-trichlaroethane 1.1, 2-trichlaroethane ug/L
1,2-dichlorobenzens 1.2-dichlorcbenzene ug/L
1,2-dichlorobenzene 1.2-dichlorobenzene ma/L
1,2-Dichloroethane 1,2-Dichlorosthane ug/L
1, 2-dichloroethane 1,2-dichloroethane ma/L
1,2-dichlorosthene 1.2-dichloroethene mg/L
1,2, 3richlorobenzens 1.2, HHrichlorobenzens ug/L
1.2 4-trichlorobenzens 1.2 4-trichlorobenzense ugiL
1,3-dichlorabenzens 1,3-dichlorobenzens ug/L
1,2-dichlorobenzens 1.3-dichlorcbenzene ma/'L
1.4-dichlorobenzene 1.4-dichlorobenzene ugiL |T|

Create MNew.. ” Edit... ]

Figure 4.7: Edit Indicators and Units Form

4.2 Time Series Management

4.2.1 Importing a time series

The standard method of accessing data in the Water Quality Analyser is the Time Series
Import Wizard. To import one or more time series, click the File -> Import... button. The
Time series import wizard appears.
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£%¥ Time Series Import Wizard L= E

Time series import source selection

Select a source from which one or more time series will be imported. Connection detailz will be
required in the next step.

@ File
A file data source may be a set of comma-delimited values, a Microsoft

Excel spreadsheet or a WOTF (Water Data Transfer Format) XML
document.

_ 54l Server
A Microsoft SQL Server database.

_ Oracle

An Oracle database.

_ FoxPro
A FoxPro database (dbf or dbe format).

PP H Next > ] [ Cancel

Figure 4.8: Import Source Selection

The Import source selection step provides options to choose a File, SQL Server, Oracle or
FoxPro data source. In most cases the File option is appropriate. Click the Next button
to continue to view the Connection details step.
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€3 Time Series Import Wizard w B

Connection details
Prowvide the details required to connect to the selected time senies import source.

File location
CM\Users'jsmithDeslktop \mary cav

Header options

¥ First row contains headers

CSV formatting

@ Comma delimited
! Tab delimited

) Other:

<PreviousH MNext > JI Cancel

Figure 4.9: Connection Details

The connection details step provides inputs to connect to the specified data source. If
the File option was chosen, a field will be available to specify the location of a spread-
sheet or comma delimited file. If the first row of the data contains labels or headers,
check the First row contains headers checkbox. If a comma delimited File is opened, the
CSV formatting box appears. Specify the type of delimiter, such as comma or tab used
by the file. Click the Next button to continue to the Column configuration step.
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€3 Time Series Import Wizard 2] E

Column conhguration
Preview and classify the data before importing it into a set.

Import destination Import Template

. 8

Column classification
Click a column header to configure that column.
Mary.csv ]
Timestamp Mary [Total Phosphorous (ugi/L)] t|
D I
9/05/1984 12:00:  0.06 y
23/05/1984 12:00 0.06
20/06/1584 12:00 0.08
19071984 12:00 01

80811984 1200:  0.07
§11/1984 1200 0.07 )l
1141984 1700 01 lLI

<previous || Next> | | cancel |

Figure 4.10: Column Configuration

The column configuration step displays a data preview in the Column classification box. If
the import data contains multiple worksheets, they will be displayed as tabs above the
data preview. To select a worksheet, left-click the associated tab. The data preview will
show data from the selected worksheet.

Each column of the import data must be enabled and classified before data can be
imported. To enable and classify a column, left-click the column header. The column
classification popup appears.
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Column Classifier @

Mary [Total Phosphorous (ug/L)]

¥| Enabled

Column type:  Indicator -
Indicatar: Flow (ML/day) |E|
Conversion factor; 1.000000

| Ignare negative values

Import destination
@ Mew time series

Existing time series

Conflicts
Keep newer points
Keep older points

Keep all points

Close

Figure 4.11: Column Classifier

Check the Enabled checkbox to enable the column. Specify the column type (indicator,
time stamp or depth value). An indicator column has additional options allowing you to
specify an indicator name and a conversion factor (optional: for converting data between
units) before data import, as well as an option to ignore negative values. The Import
destination box provides options for importing data into a new Time series or an existing
time series. The Conflicts box provides three options to deal with conflicting sample
results when importing into an existing Time series (keep newer, keep older, and keep
all). If the Keep all option is selected, conflicting sample results can still be processed
using the Conflict processor after the Time series is imported.

When a time stamp column and at least one indicator column is enabled and configured,
click the Next button to continue to the Filter Sample Results step.
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Filter Sample Resuliz

Filter out any unwanted sample results.

Timestamp | Mary [Total Phosphorous (ugfL)] T -
[ 71/02/1984
05/ 0.06

? Custom Filter

28/05/1985 0.1

1®NC00E ni |

Time Series Name: | mary.csv | 01/02/05

| <Previous || Finish | [ Cancel

Figure 4.12: Filter Sample Results

This final step provides tools to filter the data. Click the Filter button at the right of
a column header to view basic filtering options. Click the (Custom) option to view the
Custom Filter form. One or more conditions can be added as a custom filter using the
Add button. Each filter parameter accepts an operator (left combo box) and a value
(right combo box). Click the OK button to apply the filter. The preview window displays
only the sample results which satisfy the filter conditions. The name of the time series
can be changed in Time Series Name textfield. Click the Finish button to import the data.
The imported Time series appears in the Projects panel under the specified Project and set
name.

4.2.2 Importing a Time series with data from several locations

If a time series contains data from several locations, it can be imported by identifying the
location columns during the Column classification step of the Time Series Import Wizard. Left-
click the column header which contains the location name. The column classification
popup appears. Check the Enabled checkbox and set the column type to "location".
When the data is imported, a set will be created for each location and the time series
will be divided into these sets.
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4.2.3 Opening and closing Time series

To view or edit an imported time series, it must be open in the Chart layer panel. To open
a time series, expand the Project and set in the Projects panel. Double-click the Time series
name to open it. The Time series will appear in the chart and the chart layer panel. To
close an opened time series, click the Time series name in the chart layer panel then
click the Remove button.

Chart Layers ~ 1 X

| Mary [Total nitrogen (ug/L)] -

I | Mary [Suspended solids (mg/L]]

Remove

Figure 4.13: Chart Layers Panel

4.2.4 Creating an empty Time series

An empty Time series can be created by clicking the File ->> New -> Time Series... button.
The Create New Time Series form will appear. The Time series name, indicator, Project and
set can be specified. Click the Save button to create the new time series. The new Time
series will be stored in the specified Project and set in the Projects panel.

4.2.5 Editing Time series properties

To edit the properties of a time series, left-click the Time series in the Projects panel, then
click the Edit -> Properties button. The Edit Time Series form will appear. The Time series
name, indicator, Project and set can be modified. The Time series log can be viewed by
clicking the View Log button. The log will not show any unsaved changes.

4.2.6 Deleting a Time series

To delete a time series, left-click the Time series in the Projects panel, then click the Edit
-> Delete button. A prompt will be displayed to confirm the action. Click the Yes button
to confirm and delete the time series. If the Time series is open in the Chart layers panel, it
will be closed.
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4.2.7 Viewing a Time series log

Each Time series contains a log of any processes performed on the time series. To view
the log of an opened time series, click the View -> Log button. The Log Viewer displays
the details of each process performed in descending chronological order.

Time series:  Mary [Suspended solids (ma/L)]

Date Action Details

Cloze

Figure 4.14: Log Viewer

4.2.8 Saving a time series

To save an edited time series, click the File ->> Save button. The active layer will be
saved. To save all opened time series, click the File -> Save All button. When a Time
series is saved, a historical Time series is created which preserves the history of the time
series.

4.2.9 Saving a Time series under a different name

To save an opened Time series under a different name, first activate the layer in the Chart
layers panel. Click the File ->> Save As... button and enter a name for the new Time series
in the Name field. Click Save to save the new Time series using the specified name.

4.2.10 Viewing historical time series

When a Time series is modified and saved, a historical version of the Time series is cre-
ated. A historical Time series contains a copy of the Time series before any changes were
made. To view all historical Time series of a time series, expand the Time series name
in the Projects panel. The historical Time series are displayed and are labelled by the
date they were created. Double-click a historical Time series to view it. The processes
performed in a historical Time series can be viewed by clicking the View -> Log button.
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Figure 4.15: Historical Time series Expanded View

4.2.11 Editing and saving a historical time series

Historical Time series can be edited and saved like a normal time series, but a historical
Time series will be copied and converted to a normal Time series when it is first saved to
preserve the history of the time series.

4.212 Merging two or more time series

To merge two or more Time series into a single time series, irst select the Time series you
wish to merge in the Projects panel by holding the control or shift keys while left-clicking
the Time series names. Click the Edit -> Merge Time Series... button to display the Time
Series Merge Wizard.

The wizard displays a chart with the two Time series displayed as one. Any conflicting
sample results are highlighted in the chart. To step back or forward through each con-
flict, click the Previous conflict or Next conflict button. The active conflict is highlighted with
a red vertical stripe while all other conflicts are displayed with a grey vertical stripe.
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€% Time Series Merge Wizard L2 E

Reszolve Time Senes Conflicts
Chooze the sample results to keep, remove or replace where two or more sample results clash.
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Figure 4.16: Time Series Merge Wizard

To resolve the active conflict, click the Keep point from series, mean or median radio
button. The Keep point from series option provides a combo box to select a Time series
to preserve. Any points from other conflicting Time series are discarded. Click the Resolve
conflict button to resolve the active conflict using the chosen method.

To resolve a group of conflicts, check the Apply to all conflicts in this series checkbox,
then click the Resolve conflict button to resolve the conflicts using the chosen method.

When all conflicts have been resolved, the chart is expanded to provide a preview of the
merged time series. Click the Next button to confirm the action. The Merge destination
box provides an option to overwrite one of the merged Time series while discarding all
other Time series involved in the merge. Choose a Time series to retain and click the Finish
button.
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4213 Copying and pasting sample results to and from external applications

To copy one or more sample results from the chart, select the required sample results
and click the Edit-> Copy button. The sample results are copied in tab-delimited format.
Copied sample results can be pasted directly into an external document or spreadsheet.

To copy a column of data from an external spreadsheet, first ensure a date column is
directly adjacent to a data column. Select the data in both columns and click the Edit ->
Copy button in the spreadsheet software. Return to the Water Quality Analyser and click
the Edit -> Paste button after a Time series has been opened in the Chart layers panel. The
data will be converted to sample results and presented in the chart.

i
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Figure 4.17: Copying From a Spreadsheet

Time series data can be directly pasted into an existing Time series from any source if it is
in comma or tab delimited format.

4.2.14 Exporting a time series

To export a time series, the Time series must first have been opened in the Chart layers
panel. Click the File -> Export... button to export the time series. The Time series will be
saved in Microsoft Excel 2007 format.

4.2.15 Exporting a chart image

To export a chart image, a Time series must first have been opened in the Chart layers
panel. Click the File -> Export Image... button to export an image of the chart. If the chart
is zoomed or panned, the saved image will reflect those changes.
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4.3 Time Series Visualisation

4.3.1 Layers

4.31.1

To open a Time series for viewing in the Data management and visualisation module, import
the Time series into the Projects pane. Expand the Project and click the expansion icon
next to the Project to set name. Double-click the Time series name to open it. The Time

Opening a time series

series will be displayed in the chart and in the Chart layers panel.

4.3.1.2 Overlaying two or more time series

To display multiple Time series overlayed on the chart, open each time series. Each Time
series will be displayed in the chart and in the Chart layers panel. The Y-axis of each Time

series is adjusted to fit equally on the chart.
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4.3.1.3 Activating a Time

To activate a layer when two or more Time series are opened, click the layer name. The
active layer name appears bold while inactive layers appear without emphasis. Any
actions performed in the chart (such as selecting or deleting sample results) only apply

to the active layer.
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Figure 4.18: Overlayed Time Series

series layer
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4.3.1.4 Temporarily hiding a time series

To temporarily show or hide an opened time series, click the checkbox in the Chart layers
panel next to the layer name. The Time series will be removed from the chart.

Chart Layers -~ 0 X
Mary [Total nitrogen
(ug/L)] o

Mary [Flow (ML/day)] -

Remowve

Figure 4.19: Hidden Time Series

4.3.1.5 Removing a time series
To remove a Time series from the Chart layers panel, left-click the layer name, then click

the Remove button. If there are any unsaved changes to the layer, a prompt to save or
discard the changes will be displayed.

4.3.1.6 Customising the appearance of a time series

To customise the colour, opacity and style of an opened time series, click the Colour
swatch button next to the layer name. The Layer Properties form is displayed.




4.3 Time Series Visualisation 4

o e S
ED Loyer Propertics =lalx)

Appearance
Focused thickness: B E
Unfocused thickness: 2 E
Style: Dash Dot Dot] (]
Caolar: -
Cpacity: U

Close

Figure 4.20: Layer Properties

43.2 Chart

4.3.2.1 Zooming with the mouse wheel

To zoom the chart with the mouse wheel, left-click on the chart once to give it focus.
Position the cursor over an area of interest and scroll the mouse wheel forward to zoom

to that area. To zoom out, scroll the mouse wheel in the opposite direction. To reset to
the standard zoom level, click the Edit -> Chart Zoom Reset button.

4,3.2.2 Zooming with click and drag

To zoom using click and drag, right-click and drag over an area of interest in the chart.
Release the mouse button to zoom to the area of interest.
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Figure 4.21: Zooming With Click and Drag

4.3.2.3 Zooming to an existing selection

To zoom to an existing selection, first ensure that two or more points are selected in
the chart. Click the View -> Zoom to Selection button. The chart zooms to the window of
selected points.

4.3.2.4 Resetting the zoom level

To reset the chart to the standard zoom level, click the View -> Chart Zoom Reset button.
The chart resets to the default zoom level or the values specified in the View -> Axis
Options menu.

4.3.2.5 Panning through a zoomed time series

To pan through a zoomed chart, hold the spacebar then left-click and drag the chart. The
chart pans in the direction of the mouse. Release the left mouse button or spacebar to
stop panning.

4.3.2.6 Setting the default range for an axis

Click the View -> Axis Options button to view the default minimum and maximum values
for the X and Y axes. If the checkbox of a value is unchecked, the value is automatically
calculated based on the range of the opened time series.

If an axis minimum and maximum is specified, the chart can still be zoomed. The
specified values will be used when the chart zoom level is reset.
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Figure 4.22: Axis Options

4.3.3 Interaction
4.3.3.1 Displaying a Time series in XY plot mode

By default, flow Time series are shown in line plot mode and all other Time series are
shown in XY plot mode. To toggle the display mode, click the View -> XY Plot button.

4.3.3.2 Displaying scale breaks

Scale breaks collapse blank areas of the chart to preserve space. To enable or disable
scale breaks, right-click the chart and click the Scale break (non-interactive) button. Scale
breaks only appear if a vertical range of 10% or more can be collapsed. When scale
breaks are enabled, the chart is not interactive (the chart cannot be zoomed or panned).
To re-enable chart interactivity, disable scale breaks.

4.3.3.3 Displaying the chart legend

To show or hide the chart legend, right-click the chart and click the Toggle legends button.
The legend appears at the top right of the chart. If a chart image is exported, the legend
is included in the exported image.
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Figure 4.23: Chart Legend

4.3.3.4 Selecting sample results on the chart
To select a single sample result, click the sample result in the chart. To select multiple
sample results, left-click and drag on the chart. Any points within the selection box are

selected when the mouse button is released.
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Figure 4.24: Selecting Sample Results on the Chart

4.3.3.5 Selecting sample results using the grid

To select a sample result using the grid, click on any cell in a row. To select multiple
sample results, click a row selector (the leftmost column) then hold the shift key and
click another row selector. All intermediate rows will be selected. To select rows on an
individual basis, hold the control key and click one or more row selectors.
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4.3.3.6 Inverting a selection

To invert an existing selection, press the Select -> Invert Selection button.

4.3.3.7 Cancelling a selection

To cancel a selection, press the escape key or click in an empty area of the chart.

4.3.3.8 Adding to an existing selection

To add one or more sample results to an existing selection, hold the shift key, then
left-click and drag the sample results to be selected.

4.3.3.9 Subtracting from an existing selection

To subtract one or more sample results from an existing selection, hold the alt key, then
left-click and drag the sample results to be deselected.

4.3.3.10 Adding or subtracting a single sample result from an existing selection

To add or subtract a single sample result from an existing selection, hold the shift key
and left-click the sample result.

4.3.3.11 Selecting baseflow

To select the baseflow of a flow time series, click the Edit -> Select Baseflow button. To
select quickflow, first select baseflow then click the Edit -> Invert Selection button. The
Baseflow level is calculated using a three pass Lyne-Hollick filter.

4.3.3.12 Viewing properties of a selection

To view the properties of a selection of sample results, select two or more sample results
in the chart or grid. The Properties panel will display the properties of the selection. The
properties include the total number of sample results in the selection, the start and end
dates of the selection and the total range of the selection.

4.3.3.13 Viewing properties of a sample result

To view the properties of a sample result, click the sample result in the chart or grid.
The Properties panel will display the properties of the sample result.
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4.3.3.14 Switching to fullscreen mode

To view the Water Quality Analyser in fullscreen mode, click the View -> Fullscreen but-
ton.

4.4 Time Series Processing

4.41 Editing the properties of a sample result

To edit the properties of a sample result, click the sample result in the chart or grid, then
click the Edit -> Properties button. The sample date, result, depth, QA rating, data type
and sub data type can be updated.

£% Edit Sample Result E]
Edit existing sample result

Edit an existing sample result

Properties
Indicator: Total Suspended solids (mgiL)
Sample date: IE'
Result: 122.8 meg/L
Depth: 0.0
QA rating: 10
Data type
Diata type: Mormal -
Sub data type: Mormal -

Save ] ’ Cancel

Figure 4.25: Edit Sample Result Form
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4.42 Deleting a sample result

To delete a sample result, click the sample result in the chart or grid, then click the Edit
-> Delete button.

4.4.3 Deleting a group of sample results

To delete a group of sample results, select two or more sample results in the chart or
grid, then click the Edit -> Delete button. All selected points will be deleted.

4.44 Trimming a time series

To trim a Time series to a specific event or area of interest, select all points to be kept.
Then invert the selection (Edit -> Invert Selection) and press Delete. The unwanted areas
of the Time series will be deleted. Alternatively, a range of results can be selected in the
grid by left-clicking the row selector then shift + left-clicking another row. All intermediate
rows will be selected.

4.45 Infilling gaps in a time series

A Time series may contain missing data or "gaps" in an otherwise regular time series.
To infill any gaps in a time series, use the infill processor (Process -> Infill). The infill
processor detects the sample frequency of a Time series and finds any areas where
sample results are missing.

The infill processor presents a summary of the action to be performed in the Gap filling
method box. If the Time series contains gaps, the Gap filling method shows the size of the
smallest gap. Gaps are also highlighted in the chart. If the Time series does not have a
fixed time step, the greatest common divisor will be used and the summary information
will indicate "(GCD)" rather than "(recommended)".

The Curve fitting method box provides a choice of three infilling methods (linear, cosine,
mean).
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Figure 4.26: Infill Processor

4.4.6 Resampling a time series

The resample processor can resample a Time series to a new sample frequency. If the
Time series has several apparent sample frequencies, they will be presented in the Re-
sample using an existing gap box. A custom frequency can be selected by clicking the
Resample using a custom gap radio button and entering a time span in the time span ed-
itor. The Curve fitting method box provides a choice of three infilling methods (linear,
cosine, mean).
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Figure 4.27: Resample Processor

4.4.7 Aggregating a time series

The aggregate processor can aggregate a Time series using one of several aggregation
modes (sum, mean, median, random). The random option takes a random sample
result of each group and discards any other results. The time span selector can be
used to specify the aggregated sample frequency.
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Figure 4.28: Aggregate Processor

4.4.8 Aligning a Time series to another Time series or a fixed time step

The align processor is used to correct small errors in the sample dates of a time series.
The processor can align the sample results to a specific time interval or to the time
interval of another time series. This can be used when two Time series (such as Flow
and TP or TN) are related but their sampling dates are slightly mismatched.

To align a Time series to another time series, ensure both Time series are in the same
set, then click the Align to existing time series radio button. The align processor provides
a threshold option (the maximum distance a sample result can be shifted) and a combo
box to specify the Time series to be used as a reference.

To align a Time series to a fixed time step, click the Align to fixed time step radio button.
The time span selector can be used to specify the time interval for alignment. If the Left
alignment or Right alignment radio buttons are clicked, sample results will only be shifted
to the nearest time interval on the left or right.
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Figure 4.29: Align Processor

4.4.9 Shifting the dates of a time series

The shift processor can shift the Time series back or forward in time by a fixed time span.

To shift using a relative offset, click the Relative radio button and enter

a time span in the

time span selector. To shift using an absolute offset, click the Absolute radio button and
enter a date into the date selector. The first sample result will be shifted to this date and

all other points updated accordingly.
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Figure 4.30: Shift Processor

4410 Transforming a time series

The transform processor can apply an expression to all sample results in a time series.
To apply an expression, enter it into the Expression box. Click the Quick reference button
for more information about the supported syntax. x represents the sample result value.

Sample results can be deleted by creating an expression that returns false. For example,
if(x >= 0.05, true, false) would delete all sample results whose values are less than
0.05.

] Tramefnrn |
gy | ranstormn L= B

Expression

x*1000]

Quick reference

OK ] ’ Cancel

Figure 4.31: Transform Processor
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4.411 Processing outliers

If a Time series contains outliers, they can be detected and removed with the outliers
processor which is suitable for non-normally distributed data sets. The processor will
indicate if any outliers were detected using the Walsh method. The number and type of
outliers found will be shown in the Outlier test result box. If any outliers are found, it is
possible to delete them using the All, Larger, or Smaller radio buttons.

A Outliers 4 El
Clutlier test result (\Walsh test)
Total Points: n=158 Significance Level: alpha=0.1
Mo potential small outliers identified.

4 |argest points are potential outliers.

Delete outliers
@ Al

Larger

Smaller

OK | | Cancel

Figure 4.32: Outlier Processor

4.412 Processing detection limits

If a Time series contains data with detection limits, they can be processed with the de-
tection limits processor. The processor will indicate if any detection limits were found.
Detection limits are identified by the presence of a less-than or greater-than symbol in
the imported data (e.g. "< 0.05" is a lower detection limit).

The Replacement method box provides several options for processing the detection limits.
Changes detection limits may alter actual statistics and consulting statistician is recom-
mended before making changes. The Replace option replaces all detection limits with
the specified value. The Percent option multiplies all detection limits by the specified
percentage. The Keep same (DL) option does not modify the detection limits. The Halve
(DL/2) divides each detection limit in half.

Once the detection limits are processed they will be treated as normal data.
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Figure 4.33: Detection Limit Processor

4.4.13 Processing conflicting sample results

If a Time series contains conflicting sample results (results with an identical sample date),
they can be processed with the conflict processor. The processor will indicate if any
conflicting sample results were found. The sample results can be processed using one
of several modes (sum, mean, median, random). The random option takes a random
sample result of each conflicting group and discards any other results.
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Figure 4.34: Conflict Processor

4.5 Statistical Analysis

The tool calculates basic statistica for the active time series. These statistics include
mean, median, standard deviation, min, max and gaps.

4.5.1 Viewing basic statistics

To view basic statistics about a Time series such as mean, median and standard devia-
tion, click the Analyse -> Basic Statistics... button. The Summary statistics form provides a
numeric value for the Max, Min, Mean, Median, Standard deviation, Max gap and Min
gap information. To display a value on the chart, check the associated checkbox.
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Figure 4.35: Summary Statistics Form

A LOWESS model or moving average line can also be displayed on the chart. The
window of the moving average can be adjusted with the time span selector.

Box plots can also be displayed by checking the Show box plots checkbox. An overall
box plot is displayed as well as box plots for the grouping period specified in the time
span selector. The box percentile, whisker percentile and the grouping period can be
adjusted.

4.5.2 Viewing a histogram or frequency plot

To view a histogram or frequency plot of a time series, click the Analyse -> Histogram
button. The number of bins can be adjusted using the Intervals numerical editor. The
data can also be presented in Frequency plot or Cumulative frequency plot mode by
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Figure 4.36: Histogram Form

4.6 Load Estimation

4.6.1 Introduction

The Loads tool has been designed and developed to estimate loads of constituents,
using Time series of flow data and concentration data. he current version of the soft-
ware contains nine different methods for making long-term load estimates, and four for
achieving event-based assessments. The software comprises a comprehensive help
system, including guidance in appropriate method selection. A user-friendly user in-
terface simplifies operation and allows visualization of output estimates. The current
version allows calculation of estimated load uncertainties for some selected methods.

4.6.2 Overview

The determination of constituent loads in streams is an essential element in environ-
mental and ecological management. The constituent load is the mass or weight of
a constituent which passes a cross-section of the stream during a specific amount of
time. Load is expressed as mass per unit time (often tonnes per year). The load is de-
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termined from constituent concentration and discharge. Discharge has units of volume,
usually cubic metres or megalitres.

Flow rate is usually measured on a routine basis by using flow meters, or measuring
water height and applying a previously established rating curve to convert height into
flow. Generally flow measurements are relatively inexpensive to make and are available
on an almost continuous basis. Measurement of flow is a well-established science, and
many techniques are available for different type of water flows.

In contrast to flow measurements, constituent concentration measurements are expen-
sive: they can range in cost from a few dollars to more than a thousand dollars per sam-
ple, depending on the parameter or parameters being measured. Obtaining concentra-
tion measurements usually involves taking water samples to a laboratory for chemical
analysis. Stringent quality control and quality assurance are required to obtain reliable
concentration values. Because concentration measurements are much more expen-
sive than flow measurements, it is almost always true that chemical observations are
available less frequently than flow observations.

There are many methods of sampling concentrations and for determining the rela-
tionship between flow and concentrations. As a consequence there are many load-
calculation techniques to account for the range of sampling methods, flow versus con-
centration relationships and the catchment types. Due to the relatively sparse and vari-
able sampling frequencies of concentration data, a number of special load estimation
techniques have been developed to minimise estimation errors. These techniques have
been developed based on some assumptions about the behaviour of in-stream pollutant
concentrations during the times when water quality was not sampled. Four main types
of estimation techniques are available:

+ Averaging techniques
+ Ratio method
» Regression

+ Catchment models.There are many methods of sampling concentrations and for
determining the relationship between flow and concentrations.

1. Averaging techniques: Assumptions are made about how concentrations vary in the
time between samples. Averaging approaches use some form of average in the
calculation of the loads. The simplest approach involves multiplying the average
concentration for a period of time by the mean daily flow for each day in the time
period, to obtain a succession of estimated daily (unit) loads. Commonly, concen-
tration values for un-sampled dates are derived by interpolation of concentration
data. Typical interpolation techniques merely linearly interpolate between con-
centrations. These techniques require an assumption that concentrations from
individual samples represent the average daily concentration for the sampled day.
The average daily concentration on un-sampled days is subsequently determined
through linear interpolation between sampled concentrations.

2. Ratio Techniques: Statistics derived from the available concentration samples and
flow time-series are used to estimate loads over longer time spans. In this method,
the daily load is calculated as the product of concentration and flow on days on
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which samples are taken, and the mean of these loads is calculated. The mean
daily load is then adjusted by multiplying it by a flow ratio, which is derived by
dividing the average flow for the whole year by the average flow for the days on
which chemical samples were taken. The adjusted mean daily load is multiplied
by 365 to obtain the annual load. A bias correction factor can be included in the
calculation, to compensate for the effects of correlation between discharge and
load. Several different ratio techniques are available.

. Regression or Rating Curve Techniques: A relationship is assumed to exist between
flow and concentration for a particular time period, say daily, and the concentra-
tions during unsampled periods are inferred from the flow data. These techniques
can be extended to include relationships with other variables such as lagged con-
centrations, lagged flows, seasons of a year and long-term trend. These tech-
niques can only be used where a relationship between variables is established
and that relationship can reasonably be expected to hold in unsampled periods.

. Catchment Models: Complex mathematical formulas are used to estimate flow
rates as well as constituent concentrations. A number of mathematical models
are available and the accuracy of estimates is heavily dependent on the type of
model, input data, and the parameters the models use. Some of the models
use EMC (Event Mean Concentration) and DWC (Dry Weather Concentration)
for estimating annual loads. Generally complex mathematical models are used to
estimate loads from urban and intensive agricultural areas.

There are a large number of loads estimation techniques available under the above-
mentioned categories. This version of the Loads software contains the following meth-

ods

for long-term loads calculations.

Averaging techniques

+ Flow x Concentration

» Average Load

+ Flow weighted concentration

+ Linear interpolation of concentration

* Flow stratified sampling.

Ratio method

» Beale ratio

Regression

» Concentration power curve

+ USGS seven parameter method

Formulas and the descriptions of each of these methods are available in the Help sys-

tem.
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The Loads tools software has been designed to estimate loads on a long-term basis or
for an event.

Event loads estimation

Especially for particulate pollutants of non-point origin, the flux varies drastically over
time, with fluxes during storm runoff events often several orders of magnitude greater
than those during low flow periods. It is common for 80 to 90% or more of the annual
load to be delivered during events that in total last only 10% of the year. Clearly it is
critical to sample during these periods, if an accurate load estimate is to be obtained.

4.6.3 Selecting a flow and concentration Time series for load analysis

To select a flow and concentration Time series for load analysis, first upload data to the
WQA. Please refer to the data import section in the data module for instructions on how
to do this.

In the projects area, select and click on the Time series of flow data. Data will then be
visualized in the plot panel, for data processing if required. Please remember to save
the data when data processing is complete. The corrected data will be saved in a new
time series.

Then select the concentration data series. This will also be displayed in the chart for
processing if required.

Names of these two data sets are displayed in the left bottom panel (Layers). Data layers
can be added or removed here, and the appearance of the chart can be modified. You
can also change the appearance of the chart using the button next to the name of the
data series.

Once happy with the data click Analyse -> Loads... button to open the Loads tool.
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Figure 4.37: Loads Tool

4.6.4 Selecting an analysis period

Constituent loads can be estimated for different time scales depending on requirements.
The time steps include annual, monthly, weekly, daily or total load for the entire time
duration between start and end date. Select the required time steps using the Time Step
option available under Load model options.
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Figure 4.38: Load Time Step

Estimate loads for a specific time period by selecting the time period on the plot and use
the mouse to click and drag. Click on the Load button to open the load module.
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Figure 4.39: Load Analysis Range

4.6.5 Manually selecting load methods

Nine different load estimation techniques are available in this version of the software
for long-term basis load-estimations. You can select of all these methods, a few or one

preferred method/s for estimating loads.

Click on the tick box for the methods that you want to select. When the selection is
completed click on the Run selected models button to perform calculations.
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Figure 4.40: Load Results

If you have selected the Flow Stratified Sampling method, it is necessary to select a flow
separation method to separate high flow from the base flow. There are three different
methods available in the Low Flow panel.

Q10: Use up to 10th percentile of the flow rates as the base flow.

MD base flow: Use the mean daily base flow to separate the high flow and base flow. The
base flow is calculated using the Lyn-Hollick digital filter as described in River Analysis
Package (www.ewatercrc.com.au/toolkit/RAP).

Value: In this option, you can select a flow rate manually to separate high flow and base
flow.

Selecting a better load estimation method for a given dataset is not a trivial exercise.
Neither the input data variability nor the uncertainty measures, provide a reliable means
of choosing between methods. Consequently, evaluation of load estimation methods
must rely on comparative studies in which several methods are used to calculate loads
from the same data, with results compared to the "true" load, which is independently
known.

The best method can often be a matter of choice, since different methods incorporate
different types of errors in estimations.

4.6.6 Using the decision helper to select load methods

The Decision Helper can assist with selection of a load estimation methodology.

Number of samples, type of flows, and constituent characteristics such as strength, type,
and consistency of the flow and concentration relationship can all play an important role
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in estimator performances.

WQA uses a decision tree to assist with selection of appropriate load-estimation tech-
niques (Appendix 2) based on past experience and reported results from many studies.
The decision tree drives a decision helper which can guide selection of load-estimation
methods for a particular location and dataset. Suitability of a choice is not guaranteed.

Click on the Decision helper button to activate this process. You need to have a fair idea
of the input data; click on appropriate box/s in the Decision helper to describe the input
dataset.
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Figure 4.41: Decision Helper
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The system will select an appropriate method and you have the option to add more
methods or change the method.

4.6.7 Viewing load estimates

Estimated loads can be viewed using the tabs in the loads analysis panel. There are
three major tabs in this panel. The left-hand tab shows you the histograms of calculated
loads.

4.6.8 Viewing calculated numbers

The next tab presents the calculated loads in a table. Loads have been estimated for
the "USGS seven parameter method" and "Power Curve" methods for the entire period.
In this approach, missing concentration values have been derived from the flow and
concentration relationship obtained using the existing data.

For time steps that do not have at least three data points, the load cannot be calculated
and blanks will appear in the output table.

Some methods of estimating loads have the additional desirable feature of providing a
measure of the uncertainty of the load estimate. However, the uncertainty estimates
for different load calculation methods cannot be directly compared, because they reflect
different kinds of "error". It would be logical to confine the notion of error to the difference
between estimated loads and the actual (but unknown) loads - a difference which is
due only to sampling and analytical error. For these reasons, sometimes uncertainty
measures do not provide a reliable way of choosing between methods.

This version of the Loads tool calculates uncertainty for only two methods: the simple in-
tegrated method of Flow x Concentration; and the flow-weighted concentration method.
More details of the uncertainty calculation are given in Appendix 4.

The estimated uncertainty values are given in the column next to the estimated loads.
Save outputs

Click on "Save" on the menu bar to export the estimated loads output table to a spread-
sheet file.

The contents of the summary table can be copied and pasted to MS word or other
software, to save the results or to get a printout.

4.6.9 Viewing additional information

The third tab contains information relating to the estimates. Scroll the bar vertically and
horizontally if necessary to view all records. Information on data used and regression
parameters is available here. Where regression methods have been used, the estimated
R-squared provides a sense of estimation accuracy.
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4.6.10 Saving load estimates

Especially for particulate pollutants of non-point origin, the flux varies drastically over
time, with fluxes during storm runoff events often several orders of magnitude greater
than those during low flow periods. It is common for 80 to 90% or more of the annual
load to be delivered during events that in total last only 10% of the year. Clearly it is
critical to sample during these periods, if an accurate load estimate is to be obtained.

Load estimation for event-based data relies on a subset of the load-calculation tech-
niques used for long-term estimates. Event Mean Concentration (EMC) values are also
estimated. Details of these estimation methods are available in Appendix 3.

The techniques used for event load calculations are as follows:

1. Simple integration methods (Flow x Concentration)
2. Linear interpolation of concentration data
3. Concentration power curve

4. The Beale ratio estimator

4.6.11 Input data preparation for events

Generally, an event will begin when water flow exceeds the base flow, and the event will
come to an end when the flow rate is reduced to the base flow level. To calculate the
load for the entire event, consider the event’s exact time duration. It is typically difficult
to sample concentrations at the precise times an event starts and finishes, and at the
time of peak concentration for the storm runoff event. Therefore some assumptions
and pre-data preparation are required to estimate loads using the linear interpolation
method. You must include concentration values for the beginning and end of the event
to avoid problems.

In regards to your event data, there are three options available in the drop down menu.
These options are: Do not change, Apply, and Remove.

Do not change: Do not change concentration Time series data. Concentration Time series
represent true values and should not be changed. If there are no concentration values
before the "start" or the after the "end", then some methods will underestimate loads.

Apply: A concentration value is added at the "start" and "end" of the event to constrain
or tie down the event load.

Tie down at the start of the event = 0.5 x minimum observed concentration in the
dataset.

Tie down at the end of the event = minimum observed concentration in the dataset.

Remove: Use this option where you have manually added tie-down values to the input
concentration time series. Remove these values if you are using the Beale Ratio or
Power Curve methods, but keep them when applying other methods.
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4.6.12 Method selection for events

Select "Event" as the time step in the load output panel.
Alternatively you can use the Decision helper to select an event-load estimation method.
Four basic event-load estimation methods are available in this version of the Loads tool.

You can select or deselect the method using the tick box available next to the name of
the method. Please refer to "Help" for details of these methods.

Select appropriate tie down option. (refer to "Input data preparation” section above).
Event Mean Concentration (EMC) values

A summary of event load estimates is presented in the additional information tab. It
shows the start and end date of the Time series flow data, location of input files, units of
loads, and the total flow volume.

Result chart

Total flow

Start date

End date

Time span

Project

Set

Sample location

Flow series

Caoncentration series
Power curve fitting (a)
Power curve fitting (b)
Power curve fitting (r"2)
EMC Beale Ratio

EMC Caoncentration Power Curve Fitting
EMC Flow * Concentration

EMC Linear Interpolation

3514813012 8 m"3
23/01/2005 1:00:00 AM
£/02/2005 2:00:00 AM
14 days and 1 hour
Example Project
Event

Example Sample Location

Event [Flow (m"3/s)] Version 1

Event [Suspended solids (mg/L)] Version 1
18.028

0.27

1

74.54 mgiL

169.939 mgiL

6.531 mgiL

£39.35 mg/L

Figure 4.42: Event Mean Concentration Values

Event mean concentration (EMC) values are calculated using the following equation:

EMC = Total Load / Total volume.
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4.6.13 Creating a new unit for load estimate output

Any S| mass units not raised to a power are automatically included in the load output
unit options. To add a new mass unit, click the Tools -> Edit Indicators... button. The Edit
Indicators and Units form appears. Click the Units tab, then click the Create New... button.
Enter the short name of the unit, for example kg. The Name textbox is automatically
filled when the short name is recognised. The mass unit will be available when the loads
tool is opened.

4.7 Trend Tool

4,71 Introduction

The detection and estimation of temporal or spatial trends is important for many environ-
mental studies or monitoring programs. The identification of trends in water quality can
also be used to either confirm the effectiveness of management actions or to establish a
need for management intervention. Many water-quality monitoring networks have been
set up with the primary objective of detecting temporal trends in water quality (ANZECC,
2000). However detection of trends in water quality is not a trivial process as water qual-
ity can vary spatially and temporally for many quite natural reasons. Natural variation
must be taken into account in the design of any water-quality monitoring program if the
data are to be useful for trend detection or any other purposes.

Trend assessment of water quality involves a number of steps such as data checking,
data processing, visualisation, Exploratory Data Analysis (EDA), mathematical mod-
elling and explaining. This process can take a significant amount of time and effort. A
lack of knowledge or experience, or misuse of data, can generate inaccurate results.
Trend tool has been designed to assist in these processes including data checking,
data preparation, visualisation, exploratory data analysis and statistical analysis. This is
based on an existing trend tool developed in the CRC for Catchment Hydrology (Chiew
and Siriwardena, 2005) which contains robust statistical techniques for testing trends,
change and randomness of Time series data. The tool contains 13 statistical tests. Sta-
tistical techniques have been extracted from the WMO/UNESCO Expert Workshop on
Trend/Change Detection and on the CRC for Catchment Hydrology publication Hydro-
logical Recipes. This version consists of options for pre-processing of data and ex-
ploratory analysis of water-quality trends. Details of water quality trend assessment
process are given in Appendix 7.
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‘ Data access I

‘ Data processing |
Visualisation |

Statistical tests

‘ Explanations |

Figure 4.43: Basic logical structure of the trend tool

4,7.2 Overview

TREND tool has following 13 statistical tests that can be used to test for trend, change
and randomness in hydrological and other Time series data:
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4.7.3

474

Mann-Kendall (non-parametric test for trend)

Spearman’s Rho (non-parametric test for trend)

Linear Regression (parametric test for trend)

Distribution-Free CUSUM (non-parametric test for step jump in mean)
Cumulative Deviation (parametric test for step jump in mean)

Worsley Likelihood Ratio (parametric test for step jump in mean)
Rank-Sum (non-parametric test for difference in median from two data periods)
Student’s t (parametric test for difference in mean from two data periods)
Median Crossing (non-parametric test for randomness)

Turning Points (non-parametric test for randomness)

Rank Difference (non-parametric test for randomness)

Autocorrelation (parametric test for randomness)

Seasonal Kendall (non-parametric test for trend)

Features

Data access, processing and visualisations

Supports various Time series data input formats

Exploratory data analysis

Allows easy statistical testing using different tests

Provides simple statement of test result

Displays test statistic and critical values for various statistical significance levels
Performs re-sampling analysis to determine critical test statistic values

Allows easy retrieval of test results

Audience

Trend tool is designed for water managers, hydrologists, environmental scientists, con-
sultants and researchers to facilitate statistical testing for trend, change and random-
ness in Time series data.
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4.7.5 Limitations and cautionary notes for users

The statistical tests in this tool are only valid if the Time series data is not serially corre-
lated. Most (but not all) time-series data with time steps shorter than the annual time
step are serially correlated. The Autocorrelation test (one of the tests in TREND) can be
used to test if the Time series data is serially correlated. Users are strongly encouraged
to carry out an exploratory data analysis (EDA) before performing statistical analysis.
The data can be explored using the visualisation and data smoothing features avail-
able in the data management module. EDA allows much greater appreciation of the
features in the data than summary statistics or statistical significance level. Outliers,
detection limits and obvious errors in the data can also be detected through EDA. A
well-conducted EDA may eliminate the need for a formal statistical analysis. At the very
least, the user should view a Time series plot of the data (with a trend line fitted to the
data) before stepping into statistical analysis.

Users should have a good understanding of the statistical tests and assumptions. Users
should also note that a statistical test provides evidence, not proof (if a trend/change is
detected, the reason for the trend/change must be investigated). Statistical significance
is not the same as importance (e.g., a change may be detected, but the size of the
change may be so small that it is of little importance). Complex modelling process
which requires explaining the detected trend is not supported in this tool.

4.7.6 Data requirements

Trend tool requires a continuous Time series as input data. Please refer to the Appendix
7 for specific data requirements for water quality trend assessment. Data processing
and appropriate aggregation is required before performing the statistical tests.

Using the trends tool
Getting started

To run TREND, open the WQA and upload a Time series data set. To select a Time series
for trend analysis, locate the Time series in the Projects panel then double-click to open
it.

Data Input

A continuous Time series data is required to run TREND. Please refer o data manage-
ment module for importing a dataset. Further details for the process of data collection
and processing are given in Appendix 7.

Before performing statistical test, data processing, aggregation and exploratory data
analysis should to be carried out (refer to data processing section).

4.7.7 Exploratory analysis

A visual assessment can be performed using some data smoothening techniques such
as LOWESS or moving average techniques. Click on Summary statistics under Analysis
menu. Then click on LOWESS and choose appropriate smoothing factor to generate data
smoothing curve.
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Figure 4.44: Data smoothing using LOWESS

You also you can select Moving average option to generate moving average curves.
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Figure 4.45: Moving averages

4.7.8 Selecting an analysis period

To select an analysis period before launching the trends tool, open the Time series then
Left-click and drag to select a range of points. Click the Analyse -> Trends... button. A
dialog appears with options to Use Selected Points, Use All Points or Cancel.

Click the Use Selected Points button to perform the trend analysis on the selected points
only.

Click the Analyse -> Trends... button to launch the trends tool.
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Figure 4.46: Open trend module

4.7.9 Trend Tests selection

The trends tool provides trend tests categorised into four groups:

» Trend tests

 Step change tests

Difference tests

* Randomness tests

To enable or disable a trend test, click the checkbox next to the trend test name.
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Figure 4.47: Available statistical tests

4.7.10 Running the tests

Before running a trend analysis, ensure at least one trend test is enable. Click the Run
selected tests button. The Result chart and Result table appears. When available, the result
chart displays visual trend information provided by the selected trend tests.

4.7.11 Results screen

Test graph display panel

The result from each statistical test is presented separately. Choose the "Result chart"
to see the graph display.
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Figure 4.48: Graphical display

Summary statistics panel

Click on Results table to view the statistical result of the analysis.
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Figure 4.49: Result statistics

Description of statistical tests

This section provides a succinct description of the basic concepts in statistical testing
that are relevant to TREND. The reader can to refer to Kundzewicz and Robson (2000)
for a more detailed description of statistical testing for trend/change, and to standard
text books on statistics for more detailed information.

Basic concepts




4.7 Trend Tool 78

Hypothesis: The starting point of a statistical test is to define a null hypothesis ( Hp)
and an alternative hypothesis ( H;). For example, to test for trend in a time series, H
would be that there is no trend in the data, and H; would be that there is an increasing
or decreasing trend.

Test statistic: The test statistic is a means of comparing Hy and H;. It is a numerical
value calculated from the data series that is being tested. Significance level The signifi-
cance level is a means of measuring whether the test statistic is very different from the
(critical) values that would typically occur under Hy.

Power and errors: There are two possible types of errors. Type | error is when Hj is
incorrectly rejected. Type Il error is when Hy is accepted when H is true. A test with
low Type Il error is said to be powerful.

Significance level

The significance level ( o) is a means of measuring whether the test statistic is very
different from values that would typically occur under Hy. Specifically, the significance
level is the probability of a test statistic value as extreme as, or more extreme than the
observed value assuming no trend/change ( Hp).

For example, for o = 0.05, the critical test statistic value is the value that would be
exceeded by 5% of test statistic values obtained from randomly generated data. If the
test statistic value is greater than the critical test statistic value, Hy is rejected.

The significance level is therefore the probability that a test detects a trend/change
(reject Hy when none is present (Type | error).

A possible interpretation of the significance level might be:
a > 0.1 little evidence against Hy

0.05 < a < 0.1 possible evidence against H

0.01 < a < 0.05 strong evidence against Hy

o < 0.01 very strong evidence against H

0.05 < & < 0.1 possible evidence against Hy

0.01 < & < 0.05 strong evidence against Hy

& < 0.01 very strong evidence against H

For most traditional statistical methods, critical test statistic values for various signifi-
cance levels can be looked up in statistical tables or calculated from simple formulas,
provided that the test assumptions are satisfied. Where test assumptions are violated,
re-sampling methods can be used to estimate the significance level of a test statistic.
For detecting trend/change of any direction, the critical test statistic value at o/2 is used
(two sided tail). For detecting trend/change in a pre-specified direction (e.g., an increas-
ing trend), the critical test statistic value at ¢ is used (one-sided tail). TREND gives
results for a two-sided tail test.

Re-sampling analysis to estimate significance level

Re-sampling analysis is a robust method for estimating the significance level of a test
statistic. It is particularly useful when the test assumptions are violated. In re-sampling
analysis, the original Time series (input data) is re-sampled to provide many replicates
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of Time series data of equal length as the original data. The Time series data for each
replicate is obtained by randomly selecting data value from any year in the original Time
series continuously until a Time series of equal length as the original data is constructed.
In TREND, the data are re-sampled with replacement (bootstrapping method), i.e., a
replicate series may contain more than one of some values in the original series and
none of other values. The test statistic value of the original Time series data can then be
compared with the test statistic values of the generated data (replicates) to estimate the
significance level.

For example, if the test statistic value of the original data is greater than the 950th
highest test statistic value from 1000 replicates, Hj is rejected at o = 0.05 (i.e., a
trend/change is detected, with a 5% probability that this trend/change is incorrectly de-
tected). Therefore, the critical test statistic values for significance levels of ¢ = 0.1, ¢
= 0.05 and & = 0.01, are the 90th, 95th and 99th percentile values respectively of test
statistic values from the generated (re-sampled) time series.

Parametric and non-parametric tests

Parametric tests assume that the Time series data and the errors (deviations from the
trend) follow a particular distribution (usually normal distribution). Parametric tests are
useful as they also quantify the change in the data (e.g., magnitude of change in the
mean or gradient of the trend). Parametric tests are generally more powerful that non-
parametric tests. Where the assumption of normally distributed data is violated, re-
sampling analysis can be used to estimate the significance level or critical test statistic
values for various significance levels. Non-parametric tests are generally distribution-
free. They detect trend/change, but do not quantify the size of the trend/change. They
are very useful because most hydrologic Time series data are not normally distributed.

4.7.12 Description of statistical tests in TREND

TREND has 13 statistical tests that can be used to test for trend, change and random-
ness in hydrological and other Time series data:

+ Mann-Kendall (non-parametric test for trend)

» Spearman’s Rho (non-parametric test for trend)

+ Linear Regression (parametric test for trend)

« Distribution-Free CUSUM (non-parametric test for step jump in mean)

+ Cumulative Deviation (parametric test for step jump in mean)

» Worsley Likelihood Ratio (parametric test for step jump in mean)

» Rank-Sum (non-parametric test for difference in median from two data periods)

+ Student’s t (parametric test for difference in mean from two data periods)

» Median Crossing (non-parametric test for randomness)

+ Turning Points (non-parametric test for randomness)

+ Rank Difference (non-parametric test for randomness)
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« Autocorrelation (parametric test for randomness)

» Seasonal Kendall (non-parametric test for trend)

The null hypothesis Hy for the tests for trend is that there is no trend in the data. The
null hypothesis Hy for the tests for step jump in mean/median is that there is no step
jump in the mean/median.

The null hypothesis Hy for the test for difference in means/medians is that there is no
difference in the means/medians between two data periods.

The null hypothesis H for the tests for randomness is that the data come from a random
process. TREND provides results for a two-sided tail test, therefore, where critical test
statistic values are given in the following descriptions, they are for a two-tailed test. Note
the statistical tests in TREND are relatively easy to understand and the user can gain a
good appreciation of the tests by following the descriptions below.

Mann-Kendall Test

This method tests whether there is a trend in the Time series data. It is a non-parametric
test. Then Time series values ( X1, X3, X3, ..., X;;) are replaced by their relative ranks (
R1, Ry, R3, .., Ry) (starting at 1 for the lowest up to n). The test statistic S is:

n—1 n
S= Z [ Z sgn(Rj—R;)
i=1

j=it1

where
sgn(x)=1forx>0

sgn(x) =0forx=0
sgn(x) =—1forx<0
If the null Hypothesis Hy is true, then S is approximately normally distributed with:
u=0
o=n(n—1)(2n+5)/18

The z-statistic is therefore (critical test statistic values for various significance level can
be obtained from normal probability tables):

=|S—1]/6% ifS>0

z=0 ifS=0

2= |S+1]/6% itS<0

A positive value of S indicates that there is an increasing trend and vice versa.

Spearman’s Rho Test

This is a rank-based test that determines whether the correlation between two variables
is significant. In trend analysis, one variable is taken as the time itself (years) and the
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other as the corresponding Time series data. Like the Mann-Kendall Test, the n Time series
values are replaced by their ranks. The test statistic p; is the correlation coefficient,
which is obtained in the same way as the usual sample correlation coefficient, but using
ranks:

ps = Sxy/(vaSy)O'S

where

S, (x; —%)*

Il
™=

I
—_

(vi —)7)2

b
|
™=

Sxy: (xi—f)(yi_)_})

ngE

and x;(time), y;(variable of interest), xand y refer to the ranks ( x, y, S, and S, have the
same value in a trend analysis).

For large samples, the quantity psv/n—1 is approximately normally distributed with
mean of 0 and variance of 1 (critical test statistic values for various significance levels
can be obtained from normal probability tables).

Linear Regression Test

This is a parametric test that assumes that the data are normally distributed. It tests
whether there is a linear trend by examining the relationship between time (x) and the
variable of interest (y). The regression gradient is estimated by:

_ X (=0 (=)

Y (i—%)°
and the intercept is estimated as:

a=y.bx
The test statistic S is

S=b/c

where

oo 2L 0i—a—bx)?
n(n—2)(n2—1)
The test statistic S follows a Student-t distribution with n-2 degrees of freedom under
the null hypothesis (critical test statistic values for various significance levels can be
obtained from Student’s t statistic tables).

The linear regression test assumes that the data are normally distributed and that the
errors (deviations from the trend) are independent and follows the same normal distri-
bution with zero mean.
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Distribution Free CUSUM Test

This method tests whether the means in two parts of a record are different (for an
unknown time of change). It is a non-parametric test (distribution free). Given a Time
series data ( x1, x2, x3, ..., X,), the test statistic is defined as:

k
Vi = ZSgn(xifxmedian) k=1,23,..,n
i=1

where

sgn(x) =1forx>0
sgn(x)=0forx=0

sgn(x) =—1forx <0

The distribution of V;, follows the Kolmogorov-Smirnov two-sample statistic (K'S = (2/n)max|Vy|)
with the critical values of max| V| given by:

a=0.10 1.22vn
=005 1.36\n

=001 1.63yn

A negative value of V; indicates that the latter part of the record has a higher mean than
the earlier part and vice versa.

E(x)=p i=1273,...,m

Ex)=u+A i=m+1lm+2,..n

where u is the mean prior to the change and A is the change in the mean. The cumu-
lative deviations from themeans are calculated as:

k
So=0  S=Y(-% k=123,..n
i=1

and the rescaled adjusted partial sums are obtained by dividing the S; values by the
standard deviation:
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Sy = S,/D,

)2

D? = i (xi — %)
x=1

n

The test statistic Q is
0 = max|S;|

and is calculated for each year, with the highest value indicating the change point. Criti-
cal values of O+/n are given in the table below. A negative value of Sy indicates that the
latter part of the record has a higher mean than the earlier part and vice versa.

M Q/Vn at significance level
a=0.10 a = 0.05 a = 0.01

10 1.05 1.14 1.29
20 1.10 1.22 1.42
30 1.12 1.24 1.46
40 1.13 1.26 1.50
50 1.14 1.27 1.52
100 1.17 1.29 1.55
o 1.22 1.36 1.63

Figure 4.50: Critical values

Worsley Likelihood Ratio Test

This method tests whether the means in two parts of a record are different (for an
unknown time of change). The test assumes that the data are normally distributed. It
is similar to the Cumulative Deviation Test but weights the values of S; * depending on
their position in the time series.

Zy = [k(n— k)] 38k

’” /

The test statistic W is:
(n—2)03v

W=
(1—V2)05
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where V = max|Z|

Critical values of W are given in the table below. A negative value of W indicates that
the latter part of the record has a higher mean than the earlier part and vice versa.

I Woat significance level
o =0.10 o =003 o =001
10 3.14 3.66 493
15 297 3.36 432
20 2.90 3.28 413
23 2.89 3.23 3.94
30 2.86 3.19 386
33 2.88 3.21 3.87
40 2.88 3.7 3.77
43 2.86 3.18 3.79
50 2.87 3.16 3.7¢9

Figure 4.51: Critical values of W

Rank-Sum Test

This method tests whether the medians in two different periods are different. It is a
nonparametric test. To compute the rank-sum test statistic: Rank all the data, from 1
(smallest) to N (largest). In the case of ties (equal data values), use the average of
ranks;

Compute a statistic S as the sum of ranks of the observations in the smaller group
(the number of observations in the smaller group is denoted as n, and the number of
observations in the larger group is denoted as m); and Compute the theoretical mean
and standard deviation of Sunder Hyfor the entire sample

u=nN+1)/2

6 = [nm(N+1)/12]%3
The standardised form of the test statistic Z, is computed as:

Zy=(S—-05—u)/c ifS>u

Zs=0 ifS=p
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Zy=(S+05—u)/oc ifS<u
Z,s is approximately normally distributed, and the critical test statistic values for various
significance levels can be obtained from normal probability tables.
Student’s t Test

This method tests whether the means in two different periods are different. The test
assumes that the data are normally distributed. The Student’s t test statistic ¢ is (criti-
cal test statistic values for various significance levels can be obtained from Student’s t
statistic tables):

where x and y are the means of the first and second periods respectively, and m and n
are the number of observations in the first and second periods respectively, and S is the
sample standard deviation (of the entire m and n observations).

Median Crossing Test

The n Time series values are replaced by 0 if x; < Xyeqian @nd by 1 if x;j > Xpeqian- If the
Time series data come from a random process, then m (the number of times 0 is followed
by 1 or 1 is followed by 0) is approximately normally distributed with:

p=(n-1)/2

c=(n—1)/4

The z-statistic is therefore (critical test statistic values for various significance levels can
be obtained from normal probability tables):

z=|(m—p)|/o”

Turning Points Test

The n Time series values are assigned 1 if x;—; < x; > x;41 or x;j—1 > x; < Xj+1, otherwise
they are assigned as 0.

The number of times 1 appears ( m*) is approximately normally distributed with:

w=2(n-2)/3

o = (16n—29)/90

The z-statistic is therefore (critical test statistic values for various significance levels can
be obtained from normal probability tables):
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2= (" — )| /0

Rank Difference Test

The n Time series values are replaced by their relative ranks starting at 1 for the lowest
up to n. The statistic U is the sum of the absolute rank differences between successive
ranks:

n
U=Y |Ri—Rii|
i=2

for large n, U is normally distributed with:

= (nt1)(n—1)/3

c=(n—-2)(n+1)(4n—7)/90

The z-statistic is therefore (critical test statistic values for various significance levels can
be obtained from normal probability tables):

e= (U -p)l/c"?

Autocorrelation Test

The lag-one autocorrelation coefficient is calculated as:

7;11 (xX; — %) (xi1 — %)

i (i —%)?

If the Time series data come from a random process, then the expected value and vari-
ance of ry are:

E(r)=—1/n

Var(ry) = (n3 —3n? —1—4)/[112(n2 —1)]

The z-statistic is therefore (critical test statistic values for various significance levels can
be obtained from normal probability tables):

z=1n fE(r1)|/Var(r1)0'5

Seasonal Kendall methods
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In the Seasonal Kendall test only data pairs from the same season are compared. This
has the advantage that the background assumption can now be significantly relaxed
because the random variable need only be identically distributed in like seasons (Hirsch
et al., 1982). Season can be defined by the investigator, but is usually individual months
when monthly Time series data are used. The effects of serial correlation are minimised
in the Seasonal Kendall test.

Although generally a very robust test, if the trends in the data set are not monotonic (i.e.
they change direction) or there are opposing trends in different seasons then the power
of the test will be greatly weakened because such opposing trends will cancel out in the
testing procedure.

n—1 n
S= Z Z sgn(x;j — x)

k=1 j=k+1
where
1 if @ >0
sgn(@)=4¢ 0 if @ =0
-1 if6 <0
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4.8 Dashboard

4.8.1

Introduction

The Dashboard provides an interactive display area that allows multiple charts to be pre-
sented on a single panel for analysis of statistical data. Users can also easily compare
and contrast different charts at a glance.

% Dashboard™
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4.8.2

Features

Figure 4.52: WQA Dashboard

View multiple charts generated from the tests at one glance

Customise the view of the Dashboard

Displayed charts can be saved as a collection of charts to a single file and can
also be loaded back onto the Dashboard

Able to save each individual chart as an image file

Open an individual chart from an image file

Allows the user to copy the charts from another source (e.g. Internet) and paste
it onto the Dashboard and vice versa.

Displayed charts on the Dashboard can be easily re-arranged and enlarged.
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4.8.3 Using dashboard

The test results are presented in charts. Dashboard provides an interactive viewing area
for analysing multiple charts on one panel and arranged the charts in a grid fashion.

To launch the Dashboard, simply just click on the Dashboard icon which is found on the
toolbar of the WQA.

i File Edit View Process Analyse Tocls Window Help

CER DD el i EE @S ECDRE]

Figure 4.53: Toolbar of WQA: Dashboard Icon

4.8.4 Adding a chart to Dashboard

The Dashboard is initially empty when it is first launched. Charts can be added onto the
Dashboard through a number of ways and will be described in detail below:

(i) Adding an empty tile (without a chart image) to Dashboard

To create an empty chart, click the File -> Add Tile on the menu bar. Enter a name for
the tile and click the OK button. An empty tile will be added to the Dashboard.

Alternatively, you can right-click on any empty area on the Dashboard and select Add
Tile to add an empty tile.

An empty tile does not have a chart as it just creates an area for a chart to be displayed.
A chart can be displayed on the empty tile by importing the chart from an image file, or
by pasting the image onto it.

(ii) Adding charts from Chart Layers Panel to Dashboard
The chart on the Chart layers panel can be added to the Dashboard.

Right-click on the chart on the Chart layers panel and select Send to Dashboard.

Scale break {non-interactive)

Toggle legends
Send ko Dashboard
1989 1992

Figure 4.54: Chart layers panel: Right-click on the chart
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Right-click on the chart on the Chart layers panel and select Send to Dashboard. The ap-
plication will prompt you to enter a name for the chart. Enter a name and click the OK
button. The chart will appear in the Dashboard with the specified name displayed at the
top of the chart.

The chart can be saved as an image file.
(iii) Pasting a chart image from other sources to Dashboard

You can copy an image of a chart from a document or from an image editor and paste it
onto the Dashboard for your analysis.

Copy the desired image of the chart. Focus on Dashboard and hold both control and V
key to paste the image. The application will prompt you to enter a name for the new tile.
Enter a name and click the OK button. A new tile with the chart image will be added to
the Dashboard.

Alternatively, you can right-click on Dashboard and select Paste Chart. Enter a name and
click the OK button. Similarly, a new tile with the copied chart image will be added to the
Dashboard.

You can also paste the image onto an empty tile by right-clicking on the empty tile that
you choose to paste the image in and select Paste Image. The copied image will be
displayed in the tile.

4.8.5 Removing the Chart from Dashboard

To remove any tile with/without a chart from the Dashboard, click X on the tile that you
choose to remove.

If you would like to remove a chart from a tile, right-click on the chart and select Delete
Chart. The chart will be removed from the tile and the tile will be emptied. This does not
remove the tile from the Dashboard.

4.8.6 Renaming a chart

Each chart has a name which appears at the top of the chart. The name of the chart
can be changed. To rename the chart, right-click on the chart and select Change Chart
Name. Enter a new name for the chart and click the OK button. The new name will be
reflected at the top of the chart.

4.8.7 Copying the chart and pasting onto a document

Right-clicking on a specific chart on the Dashboard will bring up a list of options that you
can select. Click Copy Chart to copy the chart and you can paste it as an image onto any
other document files or even in an image editor.
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4.8.8 Copying a chart image and pasting onto Dashboard

You can copy an image from the web or other documents and paste it into the tile on the
Dashboard. Right-click on the tile and select Paste Chart to paste the chart as an image.

Note that by holding both control and V keys paste the image onto a new tile.

4.8.9 Saving the chart image

The chart in the tile can be saved and stored onto the computer as an image file. Right-
click on the chart and select Save Chart As Image. A Save As dialog box will appear and
will prompt you to specify a location that you wish to save your chart. Enter a name
for the image file and click the OK button. The image will be saved on your specified
location with the specified image file format.

4.8.10 Saving the Dashboard

The Dashboard together with the existing collection of charts can be saved as a binary
file. The binary file also stores the view of the Dashboard. To save the Dashboard in
a new binary file, click File ->> Save As on the menu bar and a Save As dialog box will
appear. Enter a name for the Dashboard in the Name field and specify a location that
you wish to save your dashboard. Click Save to save the Dashboard.

To save the Dashboard to the current existing binary file, either click the File -> Save on
the menu bar or hold both control and S keys.

When the Dashboard is saved, a "Dashboard Saved" message box appears. Click OK
to proceed.

When any changes are made to the Dashboard, for instance adding of new charts to
Dashboard, changing the name of the chart, re-arranging the charts etc., the title bar of
the Dashboard will be appended with an asterisk "x". An asterisk indicates that changes
have been made to the Dashboard. When the Dashboard is saved, the asterisk will be

removed to show that the current Dashboard is updated.

3 =

File View

Figure 4.55: Tile bar of the Dashboard: An asterisk indicates that changes have been
made to the Dashboard

4.8.11 Open previously saved binary file/Dashboard
To open a Dashboard that was previously saved in a binary file, click the File ->> Open
on the menu bar.

If there are charts that are currently displayed on the Dashboard, a "Do you like to save?"
message box appears to prompt you to save the current Dashboard before loading
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another binary file. Click Yes if you wish to save the current Dashboard and No if you
wish to open another binary file without saving the current Dashboard.

An Open File dialog box will appear for you to select the binary file that you wish to load.
Navigate to the saved location of the binary file, select the file and click Open. The
Dashboard will load up with the set of charts that was saved in the binary file.

4.8.12 Opening a new Dashboard

To open a new Dashboard, click File -> New on the menu bar. The application will
prompt you to save the current Dashboard if the changes made to the dashboard have
not been saved. Click Yes if you wish to save the current Dashboard and No if you wish
to open a new Dashboard without saving the current Dashboard.

4.8.13 Clearing the Dashboard

A shortest way of removing all the tiles on the Dashboard is by clicking File -> Clear Tiles
on the menu bar.

4.8.14 Re-arranging the tiles on the Dashboard

The tiles on the Dashboard are positioned in a grid fashion. The tiles on the Dashboard
can be arranged by dragging and dropping the charts to the desired location on the
Dashboard. All tiles must be in a normal state. If any of the charts are enlarged, the
repositioning of charts is disenabled.

4.8.15 Configuring the view of the Dashboard

The view of the Dashboard can be configured to your preference. You are able to set
the maximum number of large tiles can be viewed and to define the displaying position
of the large tiles on the Dashboard.

The view settings of the Dashboard are found in View on the menu bar. Click View on
the menu bar to change the position of the large tiles and to set the maximum number
of large tiles allowed on the Dashboard.

The following diagram on the right shows that a maximum of 2 tiles are allowed to be
enlarged and the large tiles are displayed on the left. The diagram on the right shows
that the Dashboard has only 1 large tile and the large tile is positioned on the top of the
normal-sized tiles.
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Figure 4.56: Configuring the View of Dashboard

4.8.16 Closing the Dashboard

To close the Dashboard, click File -> Close on the menu bar. If there are changes
made to the current Dashboard or the current Dashboard has not been saved, the
application will prompt you to save before closing. Click Yes if you wish to save the
current Dashboard and No if you wish to close the Dashboard without saving the current
Dashboard.

If you have clicked Yes, a Save As dialog box will appear. Enter a name for the Dashboard
in the Name field and specify a location that you wish to save your dashboard. Click Save
to save the Dashboard. A "Dashboard Saved" message will appear to indicate that
the Dashboard has successfully saved. Click the OK button to proceed to closing the
Dashboard.

4.9 Guideline Tool

4.9.1 Introduction

The Guidelines Tool is software for the calculation, management and application of wa-
ter quality guidelines using the procedures specified in ANZECC & ARMCANZ 2000
and the Queensland Water Quality Guidelines (QWQG 2006). This software includes
a database containing default guideline values contained from the ANZECC & ARM-
CANZ guidelines, and some state-specific values. Users can search the database for
guidelines and results can be used for testing against time-series data collected from a
water body. The tool can calculate locally relevant water quality guidelines using both
biological effects data and reference data, as recommended by ANZECC & ARMCANZ
2000. The software can also be used to set water quality targets using a proportional
improvement approach. The user interface was developed for easy operation and to let
users visualise input data and estimated outputs.

4.9.2 Overview

Water quality guidelines
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A water quality guideline is a recommended numerical concentration level or a narra-
tive statement (e.g. visual appearance of a water body) that will support and maintain
the designated use (environmental values) of a particular water body. Water quality
guidelines are provided for chemical and physical parameters of water and sediment,
as well as biological indicators. Nationally agreed processes of setting and applying
water quality guidelines have been developed jointly by the Australian and New Zealand
Environment and Conservation Council and the Agriculture and Resource Management
Council of Australia and New Zealand (ANZECC & ARMCANZ 2000).

The Guidelines tool

The Water Quality Guidelines software tool accommodates the process described in
ANZECC & ARMCANZ 2000 to assist various stakeholders involved in water quality
testing and assessments. The statistical procedure used in this tool is based on the
ANZECC & ARMCANZ 2000 method and is recommended by the Queensland Envi-
ronmental Protection Agency. The current version of Water Quality Guidelines Tool
contains following components:

» Water quality guideline database

» Database search facility

+ Applying water quality guideline

« Derive guideline using biological effects data

« Derive guideline using reference site data

» Water quality target setting using proportional improvements

+ Managing and updating database.

The software has been designed with a user-friendly interface so that minimum com-
puter skills and training are required to use the tool.

4.9.3 Water quality guideline database

A database has been designed to provide a sensible and flexible basis for storing,
searching and editing guideline values, water quality objectives and their relevant in-
formation. The database structure has been developed to provide maximum flexibility
for entering, storing and editing data records.

The integrated database to this tool contains the water quality guideline values available
in ANZECC & ARMCANZ 2000, and some State-specific values. You can update this
default database by adding your locally specific values, or refine existing values.

4.9.4 Applying water quality guidelines

The Guidelines software tool can be used to test data from a water body against se-
lected national or state-specific guideline values, or a user-specified guideline value.
The test is performed by comparing the guideline against an appropriate-size confi-
dence interval around the median of the test data. The size of the confidence interval is
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approximately 95% when testing against a single upper or lower value, and 90% when
testing against a guideline comprising an upper and lower value. These interval sizes
have been chosen to keep the Type | error rate to 0.05.

Procedure for deriving water quality guideline values

In situations where available guideline values are not relevant or appropriate for a par-
ticular location or the issue, locally relevant values need to be derived. Procedures for
deriving these guideline values have been explained in the ANZECC & ARMCANZ 2000
documents and several methods are available depending on the type of obtainable data
and the assessment process. The preferred approaches for selecting these methods
are listed in ANZECC & ARMCANZ 2000, in order of preference, as follows:

1. Use biological effects (toxicity) data
2. Use local reference data
3. Use regional reference data

4. Use available generic effect-based guideline.

Use of biological effects data

The Guidelines software tool is designed to estimate the protecting concentrations of
chemicals (toxicants) such that a given percentage of species will survive. The pre-
ferred input data are those derived concentration values (preferably NOEC (No Observ-
able Effect Concentrations)) from environmentally realistic and well conducted multiple
species toxicity tests. Estimates of protecting concentrations are computed by fitting a
certain distribution to the input data. A distribution called the Burr type Ill is used in this
software as recommended by ANZECC & ARMCANZ 2000. The Burr Ill distribution is a
very flexible 3-parameter distribution, which can provide good approximations to many
commonly used distributions such as the log-normal, log-triangular and Weibull (see
Appendix 1). The software computes the concentration value corresponding to a cer-
tain level of percentile of the species to be protected if the concentration of the chemical
is less than the estimated concentration.

Use of reference data (local or regional)

Often toxicity data are unavailable, and there are a number of practical difficulties with
the biological effects data approach. In such cases, water quality data collected from
reference sites can be used to derive guideline values. A reference site is a site whose
condition is considered to be a suitable baseline or benchmark for assessment and
management of sites in similar water bodies (Queensland Water Quality Guidelines,
2006). The criteria for selecting a reference site and the required number of samples for
deriving guidelines are available in ANZECC & ARMCANZ 2000. Generally, guideline
values are derived for physical and chemical parameters for ecosystems protection in
terms of the 80th and/or 20th percentile values estimated from the data collected from
an appropriate reference site. This choice is arbitrary and some state or locally specific
percentile values may be used. The reliability of the derived guideline value will depend
on the quality and quantity of collected data and, like most statisical measures, errors
in percentile estimates will reduce with increasing sample size. Based on these anal-
yses, results presented in QWQG 2006 recommended that estimates of 20th or 80th
percentiles at a reference site should be based on a minimum of 18 samples collected
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over at least 12 months. For 50th percentiles a smaller minimum number of samples
(~ 10-12) would be adequate but in most situations it would be necessary to collect
sufficient data for the 20th and 80th percentiles.

Setting water quality targets

Generally water quality targets are defined using a specific time scale considering the
current condition of a water body and the desired water quality objectives. Defining wa-
ter quality objectives for a water body is a lengthy and complex process which requires
identification of environmental values and derivation of corresponding guideline values.
There is also a serious economic and social concern in setting water quality targets in
many places. Due to complexity in this process, water quality targets for an impaired
water body can be set using a certain level of proportional improvements compared to
the current condition. An example of a target would be: a 50% reduction in total sus-
pended solids at the river mouth over 10 years. These targets could be any level of
percentages agreed by the stakeholders. The Setting Water Quality Targets tool helps
you to set targets using the proportional improvement method. You must input data
from the selected site, and then the software estimates the current median and rele-
vant confidence values. You can then enter the required percentage or the expected
improvement to estimate the target value and its confidence intervals.

49.5 Features
The Guidelines tool currently has the following features:

» A searchable database of guideline values from ANZECC & ARMCANZ 2000 and
some State specific water quality guidelines and water quality objectives.

+ A function for calculating guidelines using biological effects data.

« A function for calculating percentile based guidelines in accordance with proce-
dures and associated confidence intervals from ANZECC & ARMCANZ 2000.

A function for testing waters against guidelines and targets.

» The capacity to store regionally specific guidelines and targets (and associated
metadata) as calculated by the Guidelines tool or developed elsewhere.

» The capacity to set water quality targets using proportional improvements.

49.6 Audience
The Guidelines tool is intended for technical and operational staff of regional bodies,

government agencies, environmental and engineering consultants and water managers
involved in the setting and testing of water quality.

4.9.7 Related documents

+ ANZECC & ARMCANZ 2000 Monitoring & Reporting Guidelines
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+ ANZECC & ARMCANZ 2000 Water Quality Guidelines
+ NHMRC 2005 Recreational Water Quality Guidelines

* Queensland Water Quality Guidelines

4,9.8 Data requirements

Input Data

The Guidelines tool accepts Time series data. It should have two or more columns,
the first being the date and the subsequent columns the value of the measurements.
Measurements with an exact common time step (e.g. daily, monthly, quarterly, etc.) will
provide the best visualisations within Guidelines.

To derive biological effects guidelines or trigger values, toxicological data derived from
laboratory experiments are required (refer to Appendix 1). According to ANZECC 2000,
a minimum of two years of contiguous monthly data at the reference site is required to
establish a valid guideline value.

4.9.9 Product components
The current version of the Guideline tool has the following components:

» Water quality guideline/objectives database

» Database search facility

» Applying water quality guideline

+ Derive guideline using biological effects data

+ Derive guideline using reference site data

» Water Quality target setting using proportional improvements

+ Managing and updating database.

4.9.10 Limitations and caution notes for users

The Guidelines tool will calculate and test data against guideline values regardless of
the amount and quality of the information that you enter. It’'s important to note that there
are some recommended minimum data requirements for the calculation of a guideline
value and for testing against a guideline (see ANZECC & ARMCANZ 2000 and QWQG
2006). Whilst every care has been taken in developing this tool, there may be circum-
stances that have not been adequately catered for. We urge you to explore the tool for
your own use and report any bugs or desired enhancements to the development team
as you encounter them.
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4.9.11 Using Water Quality Guideline Tool

Open the program from the Start menu; point the cursor to Programs > Water Quality Tools
> Water Quality Analyser, or click on the following icon to open the Water Quality Analyser
software:

tit;

Ly
Syl

Figure 4.57: Water Quality Analyser software icon

4.9.12 Running the software

Once you upload (import) a data set using the options available in the data management
module, the Guidelines tool can be navigated using the options available in the guideline
module.

4.9.13 Search guideline library (database)

The database in the Guidelines tool allows you to search for records that relate to a
number of criteria. The following steps will get you started.

To search a guideline click the Analysis -> Guidelines button The guideline search panel
appears. The guideline search form appears and provides options to filter a search
based on indicators, protection type, water types, and source or guideline type as well
as using the keyword search.
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Figure 4.58: Guideline Search

Check a checkbox next to a filter value or enter a keyword to narrow down the search
results. A list of relevant guidelines is shown in the Search Results box. If you need to
test a data set which is already opened, check the Selected checkbox of one or more
guidelines, and then click the Open Selected Guidelines button to open the guidelines for
testing. The guidelines appear in the guidelines panel and in the chart. The result
value in the guidelines panel indicates whether the active Time series passes or fails the
guideline.
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Figure 4.59: Narrow down Guideline Search result

4.9.14 Testing (apply) water quality guidelines or targets

The water quality of a site can be assessed against a guideline or target. This can
be achieved by comparing the median value of the water quality variable at a site over
a period of time against the guideline or target. The following instructions provide the
basics of how this can be achieved with the Guidelines tool.

Open the input data File using the data management module and make as active Time
series

You need to select the type of guideline to be tested from the following options.

If you had selected values to test against from a search of the library, the result will be
shown in the Results box and the screen should resemble the one below, with the data
and the test value shown in the graph.

If you haven'’t already selected values to test against, you may now do so by either
clicking Search library (which will take you to the Search library screen).

Select the guideline value you want for the test. Also you need to select the guideline
type by pressing the Edit button on the search screen. You can select Upper, Lower or
Both based on your requirements.
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€3 Edit Guideline Target B

Edit a guideline target
Edit an existing guideline targset

. General | Locations | Guidelines,

C.l: 0.00 Start Date:  Z2/06/2007 -
Sample Size: 0 End Date: 22062007 -
Testing Type: Upper -

Percentile Estimate LowerC.| UpperC.

Upper Guideline: a0 10 0 0
Median: 0 0 0
Lower Guideline: 20 ( ( 0

Save l [ Cancel

Figure 4.60: Edit Guideline Target: Guideline tab

4.9.15 Using a user defined value for testing

If you want to test the data set with your own guideline value, click on Test Guideline
option in the menu. The following panel will appear
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£3 New Guideline Target E]

Create a new guideline target
Create a new guideline target

. General | Locations | Guidelines

MName: |Te:stguide|ine |
Source: User-defined -
Indicator: Tatal Phosphorous {ug/L)| El
Protection type: Aguatic ecosystems -
Type: Departurs from reference -

Save l [ Cancel

Figure 4.61: Test with users own guideline values

You need to give a name for the guideline and select the indicator from the list. The
completion of other fields in this panel is optional. The click on the Guideline tab.
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£3 New Guideline Target E]

Create a new guideline target
Create a new guideline target

. General | Locations” Guidelines

C.l: 000 Start Date: 08092011 -

Sample Size: 0 End Date: (081052011 -

-

Testing Type: Upper

Percentile Estimate LowerC.| UpperC.

Upper Guideline: 0 ooq 0 0

Median: 0 0 0

Lower Guideline: ( ( ( 0
Save l [ Cancel

Figure 4.62: Test with users own guideline values

Select the test type upper or lower and enter the number in the Estimate box and click
on Save button. The result will appear in the data panel. The test result will appear in
the lower right-hand side of the window.
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Figure 4.63: Test results

4.9.16 Deriving water quality guidelines

This tool can derive both biological effects guidelines (trigger values) as well as guide-
lines from reference site data. Please refer to Appendix 1 for the details of deriving
biological effect values and Appendix 2 for deriving guidelines from reference site data.
If you have local guidelines values already derived, you can add those values into the
built-in guideline database in this tool.

4.9.17 Calculating guidelines using biological effects data

This software is designed to estimate the protecting concentrations of chemicals (toxi-
cants) such that a given percentage of species will survive. The preferred data are those
derived concentration (preferably NOEC (No Observable Effect Concentration)) values
from environmentally realistic and well conducted multiple species toxicity tests. NOEC
is defined as the highest concentration of toxicant at which no statistically significant
effect is observable compared to the controls (the statistical significance is measured at
the 95% confidence level). At least three NOEC values are required from a field test.

To create a guideline from biological effects data, click the File -> New -> Guideline ->
From Biological Effects Data... button. The Biological Effects Guideline Creator form appears.
Select a toxicant data File by clicking the Open... button in the Toxicant file box. The
toxicant data File should contain one numerical value per line. When the File is opened,
the values appear in the chart. The Model fitting result box shows the name of the
model and coefficients of the fitting result. The fitted line is also displayed in the chart.
Adjust the Percentile or Concentration values in the Protecting percentile vs concentration box,
then click the arrow to apply the change. Click the Save... button in the Guideline result
box. The New Guideline Target form appears with pre-filled values for the upper guideline
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percentile and estimate. Assign a name and location to the guideline then click the Save
button to save the new guideline into the local database.

¥} Biclogical Effects Guideline Creato @ =[x

100.00,

. ¢
H : '
£ 8000 =
s .
%‘ 60.00 p—
.
F] .
£ 40.00 -
.
z ’
b= )
£ 0 o
E
3
000 298 398 1498 1998 2498
Concentration of Toxicant
Toxicant file Medel fiting result Protecting percentile vs concentration Guideline result
20 observations are fitted to: To protect 95% of the species.
Burrlll Distribution = (= ] concentration should not exceed 7 446
b=2034.693944 Percentile: 95.00000= | w
«©=4522305 = o
k=0. Concentration: 7A4B63 =5 | A

118071
log-likelihood = 151.678287

Add to Database

Figure 4.64: Biological Effects Guideline Creator

The estimations of the protecting concentrations are computed by fitting a certain dis-
tribution to the input data. The distribution used in this software is called the Burr lll
distribution, and it is that recommended by ANZECC & ARMCANZ 2000. Once the pa-
rameters are estimated they can be used to compute the cumulative distribution func-
tion of the appropriate distribution (Burr Ill or one of the limiting distributions), which is
plotted with the input dataset in the results window. The software computes the concen-
tration value corresponding to a certain level of percentile of the species to be protected
if the concentration of the chemical is less than the estimated concentration. Further
details on the distributions that are fitted and the estimation techniques used are given
in Appendix 1.

Protected percentile and concentration values

There is a data entry box in the results window where a protecting percentile or concen-
tration can be typed in. When the return/enter button is hit the percentile corresponding
to the entered concentration is computed, or vice versa. The concentration can only be
between 0 and the highest concentration shown on the plot.

Please note that the Y- axis is the cumulative frequency of mortality and the survival
percentage should be 100 minus the percentage of mortality.

The bottom left-hand corner of the window contains the details of the model fitting (more
details in Appendix 1).
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Maodel fitting result

20 observations are fitted to:
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b = 2034 693544
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k=0.118071
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Figure 4.65: Details of Biological Model Fitting

4.9.18 Calculating guidelines using reference data

The calculation of percentile-based guidelines can be achieved by estimating the re-
quired percentiles from a reference dataset. The following instructions provide the ba-
sics on calculating guidelines using reference data with the Guidelines tool.

The details of statistics used in deriving these guidelines are given in Appendix 2.

To create a guideline using reference data, first ensure a Time series is open in the Chart
layer view. Click the File -> New -> Guideline -> From Reference Data... button. The
Reference Data Guideline Creator form appears. The active Time series is displayed in the
chart along with the default upper and lower guideline values. Select a guideline testing
type (Upper limit, Lower limit or Both) in the Guideline Type box. Specify an upper and/or
lower percentile value for the guideline in the Set Guideline Limits box. The position of
the guideline limits in the chart update to reflect the new values. The Guideline result box
shows the estimated value and confidence interval for the upper and/or lower guideline.

&3 Reference Data Guideline Creator 8 (- [=]x
25000.00,
20000.00;
15000.00
Upper Guidelina: 12185.80
10000.00
5000.00°
RLD 1/01/1950 1/01/1960 1/01/1970 1/01/1980
Guideline Type Set Guideline Limits Guideline result
@ Upper limit Upper percentile: BD_DDDDDE Upper guideline: 12185.80 C.I: 11629.00, 13742.00

i e Lower percentile

5]

%) Both

Add to Database

Figure 4.66: Reference Data Guideline Creator

Click the Add to Database button. The New Guideline Target form appears with pre-filled
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values for the guideline percentile and estimate. Assign a name and location to the
guideline then click the Save button to save the new guideline into the local database.

%5 Edit Guideline Target

Edit a guideline target
Edit an existing guideline target

. General | Locations Guidelines

~

)

Cl: 0.00 Start Date: 220672007
Sample Size: 40 End Date:  22/08/2007
Testing Type:  Upper -

=]

Median: B0

ower Guideline:

Percentile Estimate LowerC.l  Upper C.

Upper Guideline: a0 12 12 14.000000

Save l [ Cancel

Figure 4.67: Guideline pre-filled reference data

Before committing these calculated values and statistics into the database, you need
add additional information for these calculated guideline values. Please follow the in-

structions given in the next section to input required information.

Adding other required information

Click on the General tab and enter following information, or select items from the drop-

down list available next to the text box.
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£} Edit Guideline Target E]

Edit a guideline target
Edit an existing guideline targset

. TGl Losations | Guideines

b

Name: Q_SEQ_MarDC_S55

Source: QW Guidelines -
Indicator: Suspended solids (mgi/l) -
Protection type: Aguatic ecosystems -
Type: Departurs from reference -

Save l [ Cancel

Figure 4.68: New Guideline Target : General tab

Name: Type name to identify the guideline value

Source: Type the source of the guideline value (e.g. User defined).

Indicator: Enter indicator name or select one from drop down list
Environmental value: Enter the environmental value for this guideline value
Guideline type: Indicate whether it is upper or lower

Note that the Name, Parameter and Protection fields are <u>compulsory</u>.

After completing this section click the Location tab to enter location details and water
types.
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£} Edit Guideline Target E]

Edit a guideline target
Edit an existing guideline targset

Locations:

&[] General
|:| NSW
&=-ElQLD
w1 TAS

Frimary water type: Marine -

Secondary water type:  Upen Costal -

Figure 4.69: New Guideline Target : Location tab

Note that, Primary and Secondary water type fields are compulsory.
Click on the Guideline tab and view already populated values.

Once you complete all the fields, click Save to commit information into the database

4.9.19 Add user defined values to the database

To add a user-defined guideline, click the File ->New -> Guideline - > User Defined... button.
The New Guideline Target form appears. The form is split into three sections: General,
Locations and Guidelines. The general section contains fields for the guideline name,
source, indicator, protection type and guideline type. The locations section contains a
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tree view of locations as well as fields to enter the primary and secondary water type.
To associate the guideline with one or more locations, check the checkbox next to the
location name. A guideline can be associated with one or more states, divisions, basins
or specific locations. The guidelines section contains fields to enter the guideline values.
For an upper guideline, set the Testing Type field to Upper. For a lower guideline, set the
Testing Type to Lower. For a guideline with both upper and lower lifmits, set the testing
type to both. Once the testing type is specified, fill in the percentile, estimate, lower C.I
and upper C.| for the guideline values. Click the Save button to save the new guideline
into the local database.

Create a new guideline target

Create a new guideline target

i

LY F. — o - Py - T =
# Mew Guideline Tar

General | Locatons | Guidelines

Mame: Example Guideling|

Source: User-defined -
Indicator: Total nitrogen (ug/L) -
Protection type: Aguatic ecosystems -
Type: Guideline -

Save | | Cancel

Figure 4.70: User defined Guideline: General tab

Editing the guideline library (database)

To edit an existing guideline, click the Analyse -> Guidelines... button. The Guidelines




4.9 Guideline Tool 111

tool appears. Click the Search for Guideline button on the guidelines tool. Search for the
guideline of interest, then left-click the guideline in the Search Results list. Click the Edit
button to open the Edit Guideline Target form. Click the Save button to save any changes.

4.9.20 Set water quality targets using proportional improvement

The Guidelines tool can be used to set water quality targets using a proportional-
improvements approach. These targets could be any level of percentages agreed by
the stakeholders. This tool assists users to set targets using the proportional improve-
ment method. Users must input data from the selected site and then the software esti-
mates the current median and relevant confidence values. The user can then enter the
required percentage or the expected improvement, to estimate the target value and its
confidence intervals.

To create a target using the proportional improvement method, first ensure a Time series
is open in the Chart layer view. Click the File -> New -> Guideline->> From Proportional
Improvement... button. The Proportional Improvement Target Creator forma ppears. The
active Time series is displayed in the chart along with the median value. Set the desired
median change by entering a percentage value in the Median change (%) field. The target
median in the chart updates to reflect the new value. The target is also displayed in the
Guideline result box, and the confidence intervals in the Confidence Intervals box.

£} Proportional Improvement Target Creato 9 | -

Target Madian: 0.25

1/01/1988 1/01/1992 1/01/1996 1/01/2000

Input Data Info Set Target Target result Cenfidence Intervals

Median: 05 Median change (%): _50, E Target 0.25 Current:  0.46 0.533

Sample size: 159

Target: 023 0.2665

Figure 4.71: Set Targets
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410 eGuides

4.10.1 procedures-eguides-introductionintroduction

This is an electronic document which consists of a number of documents commonly
referred to for water-quality monitoring, modeling, assessment and guidelines for pro-
tecting environmental values and aquatic eco-systems. You can manually browse, or
select the 'search’ tab to search individual or all documents using key words, and you
can view the searched items or copy them to another document or print them out for later
reference. This provides efficient and quick access to water-quality-related information
and knowledge.

4.10.2 Overview

eGuide is an electronic document which consists of a number of water-quality guideline
documents that are commonly referred to. The current version of eGuides contains the
following documents.

+ ANZECC/ARMCANZ 2000 Monitoring & Reporting Guidelines
+ ANZECC/ARMCANZ 2000 Water Quality Guidelines

+ NHMRC 2005 Recreational Water Quality Guidelines
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* Queensland Water Quality Guidelines

These documents have been compiled into a standard "HTML" version of Windows help
systems. You can select the document that you would like to manually browse, or select
the ’search’ tab to search all the guides for some key words. The searched items can
be viewed, copied to another document or printed out for later reference.

4.10.3 Features

You can open and search individual document or the entire set of documents together,
depending on your requirement.

With its standard MS Windows help format, the set of documents will provide a valuable
knowledge base for water-quality data analysis and assessment.

4.10.4 Audience

eGuides is useful for anyone who is involved in water-quality monitoring, data anaysis,
assessments, water-quality management or regulation activities.

4.10.5 Limitations and caution notes for users

This version of eGuides contains national level documents relevant nationwide, and
some that are specific to Queensland. Water-quality guidelines and other related docu-
ments for states other than Queensland will be included in a later version.

Using eGuides
Getting started

To open the eGuides tool, click the Analyse -> eGuides... button.
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Figure 4.72: Opening eGuide

The eGuides tool appears. Click the name of an eGuides document to expand the
cover view of that document. The document can be opened singly or as a subsection
in the entire library of eGuides documents. To open the document as a subsection,
click the Open entire library and navigate to selected document radio button. To open
the document as a single file, click the Open selected document only button. Click the
document cover image or the Open this document button to open the document. The
document appears in a Microsoft Windows Help window.
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Figure 4.73: eGuides
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Open document/s:

Click on the Open selected document only option and select a document that you want to
open.
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Figure 4.74: eGuides
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The user help document is a standard "HTML" help document and you can search or
navigate through the contents page to find required information.

This software can be navigated using the menu structure in the left hand side of the
screen. The user help available with the software also provides assistance to users
running the software.

Select Help on eGuide option for more information on using this document.

If you have opened all the documents, you will see the following screen.

2 iy =13
I o« & & &
Hide  Back Home  Print  Options
HOME | ¢
2 </
[5] welcome
@ ANZECC/ARMCANZ 2000 Manitoring & Reporting Guidelines
@] : | The three volumes of the ANZECC/ARMCANZ Australian and New Zealand Guidelines for
@ NHMRC 2005 Fiecreational W ater Guidslnes Fresh and Marine Water Quality (2000} are availabls in fully-searchable form.

& Quesnsland Water Qualty Guidsines 2006

@ Coastal CAC 2004 Users Guids to Indicators To open the guidelines to the desired location click on a link below:

Introductory page for Velumes 1-3
Volumes 1-3

Figure 4.75: eGuides: Content or Search Options

You can navigate the system using either Contents or Search options.

4.10.6 The Contents Tab

The Contents tab located on the far left of the help system contains the table of contents
tree, which is a hierarchical system showing the structure of the document. You can click
on a topic in the table of contents and jump straight to that topic at any time. You will
always know where you are, because the topic you are on is highlighted.
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Figure 4.76: eGuides Content

4.10.7 The Breadcrumb Trail

At the top of each topic you will see a list of topics followed by a >. Each topic name is
an active link enabling you to jump to higher levels in the hierarchy of the current topic.
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You also can click here to open a topic

Figure 4.77: Breadcrumb
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4.10.8 The Navigation Toolbar

The Navigation toolbar to the right of the header text allows you to navigate between
topics in the table of contents.

AEs

ssues been dealt with,

prepared ready for data FHOME € &

Quality Monitoring and Reporting - Summary = 6. Data
hecklist and Framewaork for Data Analysis » Have preliminary
data been prepared ready for data analysis?

“an s exercise should be tg increase the
e skere e shold b g s

You can use these arrows to move
forward and backword

Figure 4.78: Navigation

Clicking Home will take you to the first topic in the section.

Clicking the Previous and Next buttons will move you to the previous and next topic,
respectively. It follows the order the topics appear in the table of contents tree, but
operation is limited to within each help file.

4109 The HTML Help Toolbar

You can navigate using the HTML Toolbar (standard Windows buttons along the top of
the Help system) to a limited extent only.

Clicking Back will display the last topic you visited

Clicking Forward will take you forward to the next page. (This only works if you have
clicked the back button and want to move forward again.)

Clicking Options will display a popup menu listing the options available in the viewer.
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Figure 4.79: Help tool bar

The Options button available in the menu bar also offers options similar to those de-

scribed earlier. You also can turn on and off the search highlight feature using the
options available here.
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3. Study Design

1 ww V-

Use this option to highlight the
search item

Figure 4.80: Help tool bar: Options

4.10.10 Print a Help topic

1. Find and display the Help topic you want.
2. In the Help window, click Print.

3. Select the printing options you want.
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Figure 4.81: Printing a topic

Use search option to find information

Click on the Search tab to select a search option.
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Figure 4.82: Search

You can type the search words in the text box and hit the List Topic button to perform the
search. Note: If you type words within " " it will search for the entire phrase; otherwise it
will search for all available words among those you typed in the box.
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Figure 4.83: Search resutls

You can also use AND, OR, NEAR, NOT operators to refine your search.
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Figure 4.84: Search options

4.10.11 Sort searched items

The search results can be sorted by documents using the Location as show below.




4.10 eGuides

124

Eﬁ) Eode

‘whater Quality M anagement Framewark.
Tailoring Guidelines For Local Conditions

ey tables in the Water Quality Guidelines
Case study: Applying the Guidelines to a Lowl...
Fhilozophical Basiz of the Guidelines
Sustainable Use

Site-specific Guidelines

.

@ o &
Hide  Back Home  Prnt  Options
Contents | Search
Type in the word(z] to search for:
[+
[ List Topics ] [ Display ]
Select lopic: Found: 265
Title Lacation Rark Q

Guidel or Protecting Aguacullure Species  An Iptroduction to Fresh and Marine. ..
,_..._jsj“ -M-—q....ﬂ\ \Ja . ST TP

An Introduction bo
An Introduction to Fre:
An Introduction to Fresh
An Introduction to Fresh an
An Introduction to Fresh and Mal
An Introduction to Fresh and Marine
An Introduction to Fresh and Marine. ..

Clcik on the "Location” to sort
the search items by Documnets

Figure 4.85: Sorting search items

4.10.12 Find definitions for technical terms

Some definitions of technical terms can be found by clicking on the highlighted terms in

the search results
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Figure 4.86: Find definitions

You also can use some hyperlinks in the search results to find required information.

4.10.13 Copy and paste selected information into a document

You can copy the searched information into a document by simply selecting the infor-
mation you want to copy. Use the mouse to select the required information and right

click and choose the copy option.
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2.1.3 Environmental values

Australian & New Zealand Guidelines for Fresh and Marine Water Quality > Volume 1: The Guidelines >

for applying the guidel = 2.1 Water quality management framework > 2 1 3 Environmental values

Chapter 2: A framework i
»

Environmental values are particular values or uses of the environment that are important for a healthy )
ecosystem or for public benefit, welfare, safety or health and which require protection from the effects of
pollution, waste discharges and deposits. They were often called ‘beneficial uses’ in the water quality
literature but this term has lost favour because of its exploitative connotations. For this reason, the term
‘environmental value’ has been adopted by the NWQMS.

“ The following environmental values are recognised in these guidelines.

“ recreation and aesthetics, )

* industrial water (no water quality guidelines are provided for this environmental value), and

cultural and spiritual values (no JIEEA ‘elines are provided for this environmental value —
lsee Box 2.2 ). Copy

. Paste
All water resources should be subjectto o

mare than one could be expectedto app  pyy...

pewe environmental values, and i

Figure 4.87: Copy and paste

You also can use Ctrl + C and Crtl + V key strokes for copy and paste

4.10.14 Exit eGuides

To close the e

Guides click on the cross at the top right-hand corner of the window.
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Chapter 5

Troubleshooting

5.1 Loads tool shows zero total load

Check whether the flow and concentration time series are aligned (have matching sam-
ple dates). Use the Align processor to prepare the time series if necessary.

5.2 Application does not start

Ensure the Microsoft .NET Framework 4 is installed by checking the Add or Remove
Programs list in the Control Panel.

The installer can be downloaded at

http://www.microsoft.com/downloads/en/details.aspx?FamilyID=9cfb2d51-5ff4-4491-


http://www.microsoft.com/downloads/en/details.aspx?FamilyID=9cfb2d51-5ff4-4491-b0e5-b386f32c0992.

Chapter 6

Appendices

Appendix 1 - Biological approach of guideline setting

Appendix 2 - Procedures for deriving guidelines using reference data (local or regional)
Appendix 3 - Pollutant loads estimation in rivers or streams

Appendix 4 - Decision tree with preferred load estimation methods

Appendix 5 - Events load estimation

Appendix 6 - Protocols for the optimal measurement and estimation of nutrient loads

Appendix 7 - Assessment of Water Quality Data For Temporal Trends

6.1 Appendix 1 - Biological approach of guideline setting

For deriving toxicity guidelines, aquatic toxicity data obtained from laboratory studies
with single or multiple species in a controlled environment, are the most preferred type of
data. The Guidelines software tool is designed to estimate the protecting concentrations
of chemicals (toxicants) such that a given percentage of species will survive; and for it,
too, the preferred input data are those derived concentration values (preferably NOEC)
from environmentally realistic and well conducted multiple-species toxicity tests. NOEC
is defined as the highest concentration of toxicant at which no statistically significant
effect (at the 95% confidence level) is observable compared to the controls (ANZECC
& ARMCANZ 2000). The local taxa list with existing sources of tolerance data can be
matched with available national or international ecotoxicology data. This information is
available at the USEPA ecotox database (http://cfpub.epa.gov/ecotox) or
at the Australian society for ecotoxicology database.

A number of non linear models can be used, but, as recommended by ANZECC & ARM-
CANZ 2000, in this version of the Guidelines software the estimates of the protecting
concentrations are computed by fitting a Burr type Il distribution to the input data.

Statistical methodology

The Burr Il distribution is the distribution that is required by the (Queensland) Environ-
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mental Protection Agency. There are other distributions fitted to the data: for example,
the normal distribution and the log-logistic distribution, which are distributions that the
users of this software may be familiar with. However, these latter two distributions are
provided only as a reference guide and are not used for the estimation of the protecting
concentrations.

Fitting the distributions
Burr Il fitting

The Burr Il distribution is a very flexible 3-parameter distribution, which can provide
good approximations to many commonly used distributions such as the log-normal,
log-triangular and Weibull. The cumulative distribution function (CDF) for the Burr llI
distribution is

Fyrrin (x) =

where x is concentrations
b, ¢ and k are model parameters.

The 3 parameters of the Burr Il distribution, b, ¢, and k, are estimated by maximising
the log-likelihood function (which is based on the probability distribution function). This
maximisation is performed using the Nelder-Mead simplex algorithm (Lagarias et al.
1998), an optimisation technique that is not reliant on derivative information.

A complication of the Burr Il distribution is that at limits of some of the parameters the
Burr 1l distribution tends to a limiting distribution. As k ? ? the Burr Il distribution
tends to the reciprocal Weibull distribution. As ¢ ? ? the Burr Il distribution tends to the
reciprocal Pareto distribution. In practical terms, if the Burr Ill distribution is fitted and k
is estimated to be greater than 100, the estimation procedure is carried out again with
a reciprocal Weibull distribution fitted. Similarly for the reciprocal Pareto distribution, if ¢
is greater than 80.

Once the parameters are estimated they can be used to compute the CDF of the appro-
priate distribution (Burr Il or one of the limiting distributions), which is plotted with the
input dataset in the results window.

After the Burr Il distribution has been fitted to the data, the protecting concentration (for
preserving, for example, 90% of the species) is estimated using the estimated distribu-
tion parameters to compute the concentration such that the probability of there being a
greater concentration (according to the fitted distribution) is 90%.

Estimating the protecting concentration

The protecting concentration is only calculated from the Burr Il distribution (or an as-
sociated limiting distribution) fitted to the data. The software user must compute the
concentration corresponding to the statement that ‘q% of the species should be pro-
tected if the concentration of the chemical is less than the estimated concentration’.
The value of g should be between 0 and 100 and, for the expected use of the software,
will be somewhere close to 100, such as 80, 85, 90 or 95.

For a given value for g, the protecting concentration is estimated from the Burr 1ll distri-
bution as:
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b
[(1/(1=g))t/k = 1)1/

PC(q) =

If the limiting distribution of reciprocal Weibull is used then the protecting concentration
is estimated as:

PC(q) = (—a/In(1—q))"/P

where a and f3 are the two parameters of the reciprocal Weibull distribution that were
estimated in the fitting step. Similarly, if the reciprocal Pareto distribution has been
necessarily fitted, the protecting concentration is estimated as:

PC(g) = xo(1—¢)"/®

where xg and 6 are the two parameters of the reciprocal Pareto distribution that were
estimated in the fitting step.
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6.2 Appendix 2 - Procedures for deriving guidelines using refer-
ence data (local or regional)

The statistical basis of the software
The software uses a non-parametric procedure to calculate percentile-based trigger
values. This is a three-step procedure as follows:

1. The sample data are put into ascending order: Y1,Y5,....Y,.

2. The rank (r) of the required percentile is calculated using the formula 1 + p(n—1),
where p is the proportion corresponding to the required percentile and n is the
sample size.

3. The percentile, X,,, is calculated from the linear interpolation formula (1 —rfrac)Yyin +

rfracYrini+1, Where frac and int represent the fractional and integer parts of r.
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The software defaults to the 20th and 80th percentiles as per ANZECC (2000).

In order to ensure consistent rigour into the calculation of the target values, diagnostics
are calculated. These diagnostics represent a confidence interval that is approximately
80% wide. This interval has been chosen to keep the Type | error rate to 0.05 when
testing the equality of two parameters with approximately equal standard errors (Payton,
Greenstone & Schenker 2003). It is calculated using the binomial distribution as follows:

1. The sample data are put into ascending order: Y1,Y;,....Y,.

2. Calculate the rank (rlow) of the lower value of the interval by determining the %
quartile of a binomial distribution with size n and proportion corresponding to the
required percentile.

3. The lower value of the interval is Y, ;.-

4. Calculate the rank (rupp) of the upper value of the interval by determining the
1— % quartile of the binomial distribution described in 2 above.

5. The upper value of the interval is Y,,,,.

Testing against guidelines

The software allows you to test data against a selected or specified guideline value. This
is achieved by comparing the guideline against an appropriate-size confidence interval
about the median of the test data. The size of the interval is approximately 95% when
testing against a single upper or lower value and 90% when testing against a guideline
comprising an upper and lower value. These interval sizes have been chosen to main-
tain the Type | error rate at 0.05. The median and confidence interval are calculated in
the same manner as detailed above.
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6.3 Appendix 3 - Pollutant loads estimation in rivers or streams

Measures of the mass of materials (e.g. suspended sediment, total nitrogen, total phos-
phorus) carried by rivers and tributaries to receiving waters such as wetlands, estu-
aries and oceans are now an important performance benchmark in natural resources
management initiatives and environmental management plans being implemented in
Queensland and throughout Australia. The primary intention of these measurements
has been to provide reliable information, which can be used for catchment and estuar-
ine management.
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While there is broad guidance on the various calculations of load that can be used, it is
commonly acknowledged that for any one catchment the most appropriate method will
depend on:

+ The hydrological features of the catchment,

» The accuracy in load estimation required, and

+ Data (flow and concentration) availability.
This software tool is designed to capture all the commonly used load calculation meth-
ods, and offer guidance on how they should be applied.
Background information

The pollutant load is the mass or weight of a pollutant of interest that passes a particular
point of the river within a specified time (estimated using the loading rate and the time
concerned).

The loading rate, or flux, is the instantaneous rate at which the load passes a point of
reference on a river (e.g. a sampling station); it has units such as grams/second or ton-
nes/day. This is the product of pollutant concentration (usually in mg/L) and discharge
rate.

The discharge rate, or flow, is the instantaneous rate at which water is passing the
reference point, and it has units of volume/time such as cubic metres/second.

If we could directly and continuously measure the flux of a pollutant in a typical river
or stream, we would see that the flux changes continuously with time. A hypothetical
example is shown in Figure 1. The load for the period of time in the graph would be
equal to the area shaded under the curve.
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Figure 6.1: Load Flux Time

Mathematically, the load is the integral over time of the flux:
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Load = /flux(t)dt

There are several problems with the practical application of this concept of the load. The
first is that we cannot measure flux directly. Instead, we measure flux as the product
of concentration and flow. The second problem is that, while concentration and flow
are both continuous functions of time, we cannot measure them continuously. Thus the
integral which is the load must be estimated by summing the products of a sequence of
discrete measurements of concentration and flow:

n
Load =k Z ciqit;

i=1

where ¢; is the ith observation of concentration, qgi is the corresponding observation of

flow, and ti is the time interval represented by the ith sample.

For constituents derived from storm events, the flux varies drastically over time, with
fluxes during wet season or storm runoff events often several orders of magnitude
greater than those during low flow periods. It is possible that 80 to 90% or more of
the annual load is delivered during 10% or less of the time. Therefore, it is critical to
sample during these periods of high concentration or flow, if an accurate load estimate
is to be obtained.

Water-flow data are generally recorded at a regular time steps through automated gauge
height reading instruments. Concentration data are more difficult to automate and as
a consequence the data are generally less frequent and less regular than flow data.
There are three basic approaches for overcoming this discrepancy in the flow and con-
centration data.

1. Ignore most of the flow data and calculate the load using the concentration data
and the flows, which were observed at the same time the samples were taken.

2. Find a way to estimate "missing" concentrations: i.e. estimate concentrations
during the flows when concentration samples were not taken.

3. Do something in between - find a way to use the more detailed knowledge of flow
to adjust the load estimated from matched pairs of concentration and flow.

Based on the above approach there are three major categories of load estimation:

+ Simple numeric integration method,
+ Regression method,
+ Ratio method.
The accuracy of the load estimate will depend on the proper application of the most

appropriate method. Little can be done to compensate for data sets which contain an
insufficient number of observations collected using an inappropriate sampling design.
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Many load estimation programs choose monthly or quarterly sampling with no better
rationale than that it's convenient. To avoid this, the sampling, which will be needed for
load estimation, must be established in the initial planning process, based on quantita-
tive statements of the precision required for the load estimate. If load estimates are to
be made, determine the precision needed, based on the uses to which they will be put.
For example, "l want the load estimates to be within 5% of the true loads in 90% of the
years for which calculations will be made". The resources necessary to carry out the
sampling program must be known, and budgeted for, from the beginning.

Methods of load estimation
Numeric integration

The simplest approach to estimate loads is direct numeric integration, where:

n
Load = Z ciqit;
i=1

=

where

h

c¢; is concentration in the it sample

gi is corresponding flow

h

t; is the time interval represented by the it sample

Numeric integration is only satisfactory if the sampling frequency is high - often on the
order of 100 samples per year or more, and sufficiently frequent that all major runoff
events are well sampled. This method, and particularly the sampling strategy, assumes
that flows are highly variable and that concentrations increase with flow. The sampling
strategy is based on the assumption that most of the load occurs in a short period of
time during storm runoff events, and that accurate loads can be obtained by sampling
primarily during that period of time. If a pattern can be identified which will allow sam-
pling to be allocated more efficiently by concentrating sampling at certain times, the
schedule can be adjusted.

Period-weighted method:

For the period-weighted approach, measured concentrations are linearly interpolated
between sample times.

Numeric-integration method:

As a numeric integration method, "averaging approaches" use some form of average
in the calculation of the loads. The simplest approach involves multiplying the average
concentration for a period of time by the mean daily flow for each day in the time period
to obtain a succession of estimated daily (unit) loads. Generally, averaging approaches
tend to be biased if concentration is correlated with flow (the calculated load is too low
if the correlation is positive and too high if the correlation is negative).

The flow interval technique is a semi-graphical technique, which begins with a plot of
the year’s observed instantaneous fluxes as a function of instantaneous flows at the
time the samples were taken. The plot is divided into several intervals of uniform size
covering the range of mean daily flows for all days of the year. For each interval, the
average flux is calculated and the number of days with mean daily flows in the interval
is determined. The interval load is calculated as the product of the average flux, the
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number of days in the interval, and the appropriate units conversion factor. The annual
load is calculated by summing the interval loads.

In this method, the daily load is calculated as the product of concentration and flow
on days on which samples are taken, and the mean of these loads is calculated. The
mean daily load is then adjusted by multiplying it by a flow ratio, which is derived by
dividing the average flow for the year as a whole by the average flow for the days on
which chemical samples were taken. The adjusted mean daily load is multiplied by 365
to obtain the annual load. A bias correction factor can be included in the calculation, to
compensate for the effects of correlation between discharge and load.

The basis of the ratio method is the assumption that the ratio of load to flow for the
entire year should be the same as the ratio of load to flow on the days concentration
was measured. Thus

La/Qa = Lo/Qo

where

L, is Average daily load for the year
Q, is Average daily flow for the year,
L, is Observed daily load

Q, is Observed daily flow
L, :L+0'Qa/Qo

Annual Load = L, - 365

Ratio estimators assume that there is a positive linear relationship between concentra-
tion and flow. In most applications of ratio estimators to pollutant load estimation, the
calculations and sometimes the sampling program have been stratified, usually by flow
and/or season.

Regression method

Regression approaches develop a relationship between concentration and flow, based
on the samples taken. These data are used to establish a regression relationship of the
form

c=mg+Db

where

¢ is concentration

m is slope of the linear relationship
q is flow

b is intercept.

Then we use the relationship to estimate a representative concentration for days not
sampled, usually using the mean daily flow as input to the regression equation. This
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relationship may involve simple or multiple regression, and concentration or flux may be
used as the dependent variable. In many applications, both concentration (or flux) and
flow are log-transformed to create a dataset that is better suited for regression analysis.
Regression relationships between log-transformed concentration or flux and flow are
often called rating curves.

Finally, the annual load is calculated as the sum of the daily fluxes based on the esti-
mated daily loads and mean daily flows

3
Load = Z 656iq,’
i=1

14

Regression approaches assume only that there is a linear relationship between a de-
pendent variable (concentration or flux) and one or more independent variables (typi-
cally flow but sometimes also higher powers of flow, time, seasonality, and other vari-
ables).

The aim of sampling is to thoroughly characterise the relationship between flow and
concentration (or flux). The sampling of concentration and flow should be distributed
over the flow regime.

Performance of the methods

Some methods of estimating loads provide a measure of the uncertainty of the load
estimate. Unfortunately, the uncertainty estimates of different load calculation meth-
ods cannot be directly compared, because they reflect different kinds of "error", and the
estimated "error" may be different from the error we are interested in (sampling and ana-
lytical error). Generally evaluation of load estimation methods must rely on comparative
studies in which several methods are used to calculated loads from the same data, and
the results are compared with the "true" load, which is independently known.

+ Averaging methods are generally biased, and the bias increases as the size of
the averaging window increases. In general, the annual load which is the sum of
the four quarterly loads will be more biased than the annual load which is the sum
of the 12 monthly loads.

Regression approaches can perform well if the relationship between flow and
concentration is sufficiently well-defined, linear throughout the range of flows, and
constant throughout the year.

In most studies, ratio approaches performed better than regression approaches,

and both perform better than averaging approaches. In particular, ratio approaches
that include a bias correction factor and are used in a stratified mode generally

show low to no bias, relatively high precision, and resistance to undue influence

from unusual observations.

Simple integration

Data requirements

Generally 100 samples per year or more are recommended. They should be sufficiently
frequent that all major runoff events are well sampled.

Biases
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Simple integration usually underestimates if events are not adequately sampled.

e

HM:
:\ﬁ

:\Q

where

c; is the it sampled concentration

gi is the i’ sampled discharge (flow)

¢ is average of n concentration measurements

q is average of n discharge measurements

k is number of time intervals in the period (e.g. k=365)
Description

Numeric integration is only satisfactory if the sampling frequency is high, - often on the
order of 100 samples per year or more, and sufficiently frequent that all major runoff
events are well sampled. This method, and particularly the sampling strategy, assumes
that flows are highly variable and that concentrations increase with flow. The sampling
strategy is based on the assumption that most of the load occurs in a short period of time
during storm runoff events, and that accurate loads can be obtained by sampling pri-
marily during that period of time. If a pattern can be identified which will allow sampling
to be allocated more efficiently by concentrating sampling at certain times, the sched-
ule can be adjusted. For the period-weighted approach, measured concentrations are
linearly interpolated through time between samples.

Express the time of each sample and each flow observation as decimal days of the
year. For example, noon on January 2 would be day 1.5, 6:00 p.m. would be day 1.75.
For each concentration sample, establish a time window which starts halfway between
the sample and the previous sample, and ends halfway between the sample and the
next sample. The time window for the first sample during a storm should include only
the interval based on the time to the next sample (i.e. should start at the beginning of
the storm); the time window for the last sample during a storm should include only the
interval based on the time from the preceding sample (i.e. should end at the end of the
storm). Multiply the flow at the time of the sample by the concentration at the time of the
sample and the time interval for the sample. The result is the load for the time interval.
The annual load is calculated by adding all these loads together.

Scale averaging load estimates

Data requirements

Optimum sample number depends on the variability of the flow.

Biases

Scale averaging load estimates are biased if concentration is correlated with flow

Equation

n
Ciqi
Load =k
L,

where
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c; is i sampled concentration

gi is i'* sampled discharge (flow)
k is number of time intervals in period (e.g. k=365)
Description

Averaging approaches use some form of average in the calculation of the loads. This
approach involves multiplying the average observed concentration by the average flow
based on all days of the year to obtain an "average" daily load, which is then converted
to the total load. Other variants are the monthly average concentration multiplied by
the average flow for the month; the quarterly average concentration multiplied by the
average flow for the quarter, etc.

Averaging methods are generally considered to be the simplest available techniques
for pollutant load estimation, and are often applied because of a lack of more appropri-
ate techniques. Estimates of load over a time period are made by using averages of
discharge, concentration or load for a given subinterval and then summing these over
the entire period. These averages may be over different time periods, such as monthly,
quarterly or yearly, and can combine discharge and concentration in a number of dif-
ferent ways. Whilst these methods are easy to apply, the assumptions implicit behind
such calculations, including independent and identically distributed data, are rarely met.
This leads to bias in the estimation of loads, especially if the sampling program does
not collect data from the entire range of discharge and concentration variability. Where
a positive relationship occurs between concentration and discharge, loads will tend to
be underestimated by time averaging, and where a negative relationship exists, loads
will usually be overestimated. The magnitude of over- or underestimation will depend
on the range in variation in concentration. This effect is likely to be more severe for
suspended sediments which tend to show stronger positive relationships with discharge
than nutrients which are transported in both dissolved and particulate form.

However, some averaging approaches have shown relatively high precision in some
studies, and might be useful in special situations, for example if the goal is to detect
a change in the load, and if detecting the change is more important than knowing the
actual magnitude of the load.

Flow-weighted concentration method

Data requirements Significant increases in nutrient inputs may occur during wet-weather
flows. Therefore, sufficient dry weather flow and concentration data should be collected
to avoid overestimating load contributions.

Biases

Generally, averaging approaches tend to be biased if concentration is correlated with
flow: the calculated load is too low if the correlation is positive and too high if the cor-
relation is negative. However, some averaging approaches have shown relatively high
precision in some studies, and might be useful in special situations, for example if the
goal is to detect a change in the load, and detecting the change is more important that
knowing the actual magnitude of the load.

Equation
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noo. n
QZl:l Ciqi _ QZWiCi
i=1

n
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where

c; is i"" sampled concentration

gi is i"" sampled discharge (flow)

Q is total discharge for period
Description

Averaging approaches use some form of average in the calculation of the loads. This
approach involves multiplying the average observed concentration by the average flow
based on all days of the year to obtain an "average" daily load, which is then converted
to the total load. Other variants are the monthly average concentration multiplied by
the average flow for the month; the quarterly average concentration multiplied by the
average flow for the quarter, etc.

Averaging methods are generally considered to be the simplest available techniques
for pollutant load estimation, and are often applied because of a lack of more appropri-
ate techniques. Estimates of load over a time period are made by using averages of
discharge, concentration or load for a given subinterval and then summing these over
the entire period. These averages may be over different time periods, such as monthly,
quarterly or yearly, and can combine discharge and concentration in a number of dif-
ferent ways. Whilst these methods are easy to apply, the assumptions implicit behind
such calculations, including independent and identically distributed data, are rarely met.
This leads to bias in the estimation of loads, especially if the sampling program does
not collect data from the entire range of discharge and concentration variability. Where
a positive relationship occurs between concentration and discharge, loads will tend to
be underestimated by time averaging, and where a negative relationship exists, loads
will usually be overestimated. The magnitude of over- or underestimation will depend
on the range in variation in concentration. This effect is likely to be more severe for
suspended sediments which tend to show stronger positive relationships with discharge
than nutrients which are transported in both dissolved and particulate form.

However, some averaging approaches have shown relatively high precision in some
studies, and might be useful in special situations, for example if the goal is to detect
a change in the load, and if detecting the change is more important than knowing the
actual magnitude of the load.

Linear interpolation of concentration data
Data requirements

For linear interpolation of concentration data, we require relatively more samples per
year, taken sufficiently frequently that all major runoff events are included.

Biases
There is bias if sample number is low, and the method generally gives an underestimate.

Equation
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n

ch+cj+1q

where

. .th .
c¢jis j™ sample concentration
qj is inter-sample mean flow.
Description

Concentration values are linearly interpolated to represent un-sampled days. In this
technique, assumptions are made about how concentrations vary in time between sam-
ples. Typically we linearly interpolate between concentrations or apply cubic splines
to a time series of concentrations. These techniques assume that concentrations from
individual samples represent the average daily concentration for the sampled day, and
their average daily concentration on non-sampled days can be determined by linearly
interpolating between fortnightly or monthly sampled concentrations.

Flow stratified sampling
Data requirements

Stratification is performed by dividing the population into homogeneous sub-units called
strata. Subunits should be sampled separately and the estimates should be combined
to obtain an estimate over the entire population.

Biases

For load estimation substantial improvements in estimation efficiency can be expected
from stratification. However, a number of studies have demonstrated that the most
significant gains in precision and accuracy are obtained by relatively simple stratification
strategies (e.g. high-flow / low-flow dichotomy).

Equation

g N nj
Yo | Laici
=11 |i=1
where

c; is i"" sampled concentration

gi is i' sampled discharge (flow)

N is the number of time intervals in jth stratum

Description

Whereas systematic sampling can give misleading results particularly in the presence
of autocorrelation and periodicity, the stratified sampling method can overcome some
of these difficulties. This strategy assigns sampling effort in proportion to flux - periods
of high flux are sampled more intensively than periods of low flux. One of the main
advantages of stratified sampling is the potential reduction in estimation variance.

Simple ratio
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Data requirements

Variance estimates associated with ratio estimators are only reliable if the sample size
exceeds 30 and is also large enough that the coefficients of variation of mean discharge
and load are both less than 10%.

Biases

Ratio estimators assume that there is a positive linear relationship between dependent
and independent variables, which passes through the origin.

Equation

where

I'is average load for sample
q is average of n discharge
Q is total flow

Description

On days on which samples are taken, the daily load is calculated as the product of
concentration and flow, and the mean of these loads is also calculated. The mean
daily load is then adjusted by multiplying it by a flow ratio, which is derived by dividing
the average flow for the year as a whole by the average flow for the days on which
concentration samples were taken.

For example, if the mean of daily load calculations was 10 t/day and the mean daily
flow for the whole year was 100 mL/d, but for those days where concentration data was
collected, the mean daily flow was 50 mL/d then the total load would be 10 t/day over
365 days, then scaled by the flow proportion

(10/50) - 100 - 365 = 7300t/year

Ratio estimators assume that there is a positive linear relationship between dependent
and independent variables which passes through the origin. Also, if the variance of the
dependent variable is proportional to the magnitude of the independent variable, the
ratio estimator is known to be the best linear unbiased estimator, i.e. the most precise
among the class of unbiased estimators which assume a linear relationship. Both of
these conditions are often satisfied, at least approximately, by relationships between
load and discharge.

The Beale ratio estimator
Data requirements

Needs a sample size that exceeds 30 or more to be reliable. This limitation also applies
to each stratum if ratio estimation is applied within a stratified sampling scheme.

Biases

In particular, ratio approaches which include a bias correction factor and are used in
a stratified mode generally show low to no bias, and relatively high precision, In most
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studies, ratio approaches perform better than regression approaches, and both perform
better than averaging approaches.

Equation
- 1 POLO,
l I+5 1q ¢
Q — - 2
V0 1+i%
N ¢
where

Q is total discharge for period
I'is average load for sample
q is average of n discharge measurements

The term in curly brackets is the bias correction term. N is the expected population size
(this is included in the calculation, to compensate for the effects of correlation between
discharge and load).

Description

On days on which samples are taken, the daily load is calculated as the product of con-
centration and flow, and the mean of these loads is also calculated. The mean daily load
is then adjusted by multiplying it by a flow ratio, which is derived by dividing the average
flow for the year as a whole by the average flow for the days on which concentration
samples were taken. A bias correction factor is included in the calculation, to compen-
sate for the effects of correlation between discharge and load. The adjusted mean daily
load is multiplied by 365 to obtain the annual load. When used in a stratified mode,
the same process is applied within each stratum, and the stratum load is calculated by
multiplying the mean daily load for the stratum by the number of days in the stratum.
The stratum loads are then summed to obtain the total annual load.

Ratio estimators assume that there is a positive linear relationship between dependent
and independent variables which passes through the origin. Also, if the variance of the
dependent variable is proportional to the magnitude of the independent variable, the
ratio estimator is known to be the best linear unbiased estimator, i.e. the most precise
among the class of unbiased estimators which assume a linear relationship. Both of
these conditions are often satisfied, at least approximately, by relationships between
load and discharge.

Concentration power curve
Data requirements

The goal of sampling is to thoroughly characterise the relationship between flow and
concentration. Site-specific monitoring data should be used whenever possible to check
the accuracy of the predictions.

Biases

Regression approaches can perform well if the relationship between flow and concen-
tration is well-defined, linear throughout the range of flows, and constant throughout the
year.

Equation
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where

c is concentration
q is flow

b is power
Description

Regression approaches develop a relationship between concentration and flow, based
on the samples taken. These data are used to establish a regression relationship and
coefficients "a" and "b".

This method is only valid if there is high relationship between flow and concentration
The USGS seven-parameter model

Previous studies have proven that loads of nutrient transport in rivers can be estimated
accurately using a more complex regression model. The regression model given by
Cohn et al.(1992) has been used by the United State Geological Survey (USGS) to esti-
mate nutrients loads in may rivers. This model is also known as USGS seven parameter
methods and presented in the following equation.

0 o)’
In [C] :ﬁo-i-ﬁl In |:Q:| —|—ﬁ2 In l:Q~:| —|—ﬁ3[T—T]+ﬁ4[T—T]2—|—ﬁ5 sin[27rT]+Bécos[27rT]+£

The notations are as where In[ ] means the natural logarithm of the parameter, C is
concentration, Q is flow rate, and T is time measured in years. The errors, denoted by
€ are assumed to be independent and normally distributed with a mean value of 0 and
variance o€

Bo through B are the seven parameters which must be estimated by multiple regres-
sion, and O and T are "centring variables", which simplify the mathematics but have no
effect on the load estimate. These centring variables are calculated using the following
equations.

oo L (Wi-W)?
W=W+ ="
2Y 5 (Wi —W)?
where W = In(Q) and QeW
. " (L-T)
T=T 171(—’_
Ty T TR

Note that if B, through B¢ are zero, this complex formula is comparable to the simple
regression relationship, except that log-transformed variables are used and discharge
is "centered". Py is the intercept term and f; is the slope term. This model includes
the capability of accounting for curvilinear relationships between concentration and flow,
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through the Q2 term, for trends over time (T and T2 terms), and for seasonality (sin and
cos terms).

Transformation, back-transformation and bias avoidance

In order for concentrations estimated from the regression model to be reliable, the resid-
uals (the differences between the predicted and observed concentrations used to cal-
culate the regression model) must be normally distributed. In addition, it is desirable
for the data to be well spread out over the range of observations. For these and sev-
eral other reasons, regression models relating concentration to flow usually use log-
transformed values. In order to be of much use, however, the resulting data must be
back-transformed before calculating the loads. The obvious way to do this is by taking
the anti-logs of the estimated concentrations. Statistical theory tells us, however, that
when these back-transformed values are used to calculate average daily loads or total
annual loads, the results will be biased low (Ferguson, 1986a, 1986b; Koch and Smillie,
1986a, 1986b; Cohn et al., 1989, 1992). In order to avoid this bias, a value must be
added to each estimated log-concentration before it is back-transformed. According to
Ferguson (1986a), under the assumption that the residuals are normally distributed, the
appropriate procedure is to estimate the concentrations using

&= o022

where ¥ is the log-concentration estimated from the regression model, and 62 is the
variance of the residuals of the regression model.

This is referred to by Cohn et al. (1989), as the quasi-maximum likelihood estimate, or
QMLE. If the original transformation used common logs (base 10) rather than natural
logs, the equivalent would be

&= 10§~2.65'62

Koch and Smillie (19864a, b) pointed out that if the assumption of normally-distributed
residuals is violated by the actual data, the application of 12 or 12a can actually lead
to overestimates which are farther from the true value than those provided by the un-
corrected back-transformation. They applied a nonparametric correction factor called
the smearing estimate (Duan, 1983), with even worse results, and concluded that there
may be no single approach to bias correction which will work reliably in all cases.

However, as Ferguson (1986b) pointed out, Koch and Smillie failed to distinguish be-
tween systematic error (bias) and random error (precision), and the smearing estimate
cannot be generally condemned on the basis of their results. The smearing estimate is
a constant by which the estimated concentration is multiplied after exponentiation. The
smearing estimate constant is

ksm =1
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where ¢i is the ith residual from the regression model; this is equivalent to the mean of
the exponentiated residuals.

Cohn et al. (1989) proposed a minimum variance unbiased estimator (MVUE)

where I is the estimated load, € the estimated concentration, RC refers to the rating
curve or regression relationship between log-load and log-flow, and everything to the
right of LRC is the MVUE bias correction factor. gm is a Bessel function described in
their paper, m is the number of observations used to establish the regression relation-
ship minus the number of parameters in it, s2 is the variance of the residuals from the
regression relationship between load and flow, and V is a "leverage" term which is a
function of the values of the independent variables from which a specific load (or con-
centration) estimate is to be calculated. As a consequence, the MVUE bias correction
factor is not a constant.

The authors show that this correction factor performs better than the alternatives pre-
sented above.

Unfortunately, it is also quite cumbersome to calculate, though they offer computer code
to evaluate it. Furthermore, Thomas (1988) points out that bias correction methods,
including this one, depend on the validity of generally untested hypotheses, particularly
that of normally distributed residuals (in log space).

In a later simulation study based on data from several rivers tributary to Chesapeake
Bay, Cohn et al. (1992) found that the MVUE estimator generally gave fairly accurate
results. They concluded that it was fairly insensitive to modest violations of the assump-
tions of the regression approach.

Cohn (1995) states that the three bias correction methods give nearly identical results
if:

1. the assumed linear model is approximately correct,
2. the regression model is based on 30 or more observations, and

3. the model is not being used to extrapolate beyond the range of data used to
calibrate it.

He says further that if only the first condition is satisfied, the MVUE estimate is the best.
If all conditions are satisfied, the QMLE is a good choice because it is relatively easy to
calculate. If the regression residuals are not normally distributed, the smearing estimate
may be preferred, but in this case one must verify that the use of the regression model
is appropriate.

Selecting a load estimate method (quick tips)

We will not make a comprehensive assessment of the utility of the various estimating
methods. However, the following rules of thumb are useful in selecting a method.

+ Averaging techniques are simple and relatively robust although biases will result
from inadequate representation of storm events. In instances where the correla-
tion between discharge and concentration is positive (negative), loads will tend
to be underestimated (overestimated). Weighted averaging is a simple device
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that, to some extent, overcomes this drawback. A substantial decline in preci-
sion associated with averaging methods has been reported as the sample size n
decreases (i.e. the time interval over which samples are obtained increases).

« Stratification can potentially improve both the accuracy and precision of load es-
timates.

+ Ratio estimators work best when discharge and concentration are linearly related
(passing through the origin) with non-constant variance. They are considered
more suited to situations where there is less intensively sampled concentration
data. The Beale ratio estimator is widely used.

The selection of an appropriate load estimation technique depends not only on the
availability of concentration and discharge data, but also on the hydrological character-
istics of the catchment being considered, time-scale of waterbody response to loads,
the desired accuracy of estimates and the preferred complexity of the load estimation
technique. No single technique has been found to be optimal in the literature, with all
techniques having some disadvantages associated with their use. The choice of tech-
nique will depend on the characteristics of the catchment being considered, and the
availability of data for that catchment.

Uncertainty

Some methods of estimating loads have the additional desirable feature of providing a
measure of the uncertainty of the load estimate. Furthermore, the uncertainty estimates
of different load calculation methods cannot be directly compared, because they reflect
different kinds of "error". Further still, the estimated "error" may be different from the
error we are interested in.

For example, the uncertainty estimate for the Beale Ratio Estimator includes a contribu-
tion which is due to differences between individual daily loads and the mean daily load in
each stratum. If we are interested in the annual load for that year, we would not consider
this to be a source of error, but rather a part of the natural variation of the system we are
studying. We would prefer to confine our notion of error to the difference between our
estimated mean daily loads and the actual (but unknown) mean daily loads, a difference
which is due only to sampling and analytical error.

For these reasons, uncertainty measures do not provide a reliable way of choosing
between methods. Consequently, evaluation of load estimation methods must rely on
comparative studies in which several methods are used to calculated loads from the
same data, and the results are compared with the "true" load which is independently
known.

There are two basic approaches to simulation: systematic subsampling and Monte
Carlo simulation. Systematic subsampling involves taking a dense dataset and split-
ting it into subsamples of the same size. The "true" load is the load based on the entire
dense dataset.

Monte Carlo simulation involves random sampling of an empirical distribution of obser-
vations, or sampling of parametric distributions generalised from such observations, to
produce any desired number of simulated sample sets. Typically 500, 1000, or 2000
sample sets are generated and evaluated. The "true" load is the load based on the
entire dataset or calculated from the parametric distributions used.
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There are advantages and disadvantages to each method.
Not surprisingly, accuracy and precision increase with increased frequency of sampling.

Types of uncertainty affecting load estimation

Type of Uncertainty Definition Load Examples
Epistemic
Measurement Error Occurs because

measuring equipment
and observers are
imperfect resulting in
random variation in a

quantity.
Systematic Error Occurs when Wrong instrument
measurements are calibration.
biased.
Natural Variation Environmental change Variation in flow
with respect to time, seasonality. Landforms.

space or other variables
that is difficult to predict.

Inherent Randomness

Model Uncertainty Occurs because models Wrong load algorithm.
are simple abstractions of | Not accounting for
reality and sometimes estuaries or groundwater.

significant factors
causing variation are
missed or factors are not
properly represented or
parameterised.
Subjective Judgement Samples at wrong time or
location resulting in
unrepresentative
sampling

The accuracy of the load estimate will depend on the proper application of the most
appropriate method, little can be done to compensate for data sets which contain an
insufficient number of observations collected using an inappropriate sampling design.
Many load estimation programs choose monthly or quarterly sampling with no better
rationale than ’it's convenient’. To avoid this, the sampling pattern, which will be needed
for load estimation, must be established in the initial planning process, based on quan-
titative statements of the precision required for the load estimate. If load estimates are
to be made, determine the precision needed, based on the uses to which they will be
put. For example, "l want the load estimates to be within 5% of the true loads in 90%
of the years for which calculations will be made". The resources necessary to carry out
the sampling program must be known, and budgeted for, from the beginning.

Types of uncertainty

Overall, three sources of uncertainty contribute significantly to overall uncertainty in
estimating sediment and nutrient load. These are ’knowledge uncertainty’, 'stochastic
uncertainty’ and 'data uncertainty’.




6.3 Appendix 3 - Pollutant loads estimation in rivers or streams 148

Overall uncertainty of
load estimate

Knowledge Uncertainty Stochastic Uncertainty Measurement Uncertainty

- from load estimation - due to variability of -from measurement, data

technique / model sampled measurements or scaling errors

uncertainty -from unrepresentative
sampling

Figure 6.2: Types of Uncertainty

The annual load estimates could show significant variation due to the estimation tech-
nique selected. Unless other overriding factors are considered to be relevant, any of
the estimates are equally legitimate as estimates of the 'true’ load. However, the 'true’
load is not known, and therefore, the selection of estimation technique is one source of
uncertainty in load estimation. This source of uncertainty has been labelled ’knowledge
uncertainty’. Knowledge uncertainty can be reduced through an increased understand-
ing of the pollutant wash-off and transport processes. In general, for sites with limited
high flow samples, methods that do not account for flow stratification will be downwardly
biased. Likewise, for sites with highly seasonal concentration variation (e.g. irrigation
areas), methods that do not account for time stratification will lead to imprecise and bi-
ased results. Such knowledge uncertainty can be incorporated by the specification of
user-defined weights reflecting the user’s preferences or beliefs in each of the methods.

In addition to knowledge uncertainty, 'stochastic uncertainty’ also needs to be consid-
ered. Stochastic uncertainty is described by the deviation of water quality concentra-
tions from any assumed value (e.g. a mean) and is usually represented by estimates
of variance. This stochastic uncertainty increases when the variances of sampled con-
centrations are increased (scaled) to correspond to population variances.
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6.4 Appendix 4 - Decision tree with preferred load estimation meth-
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Figure 6.3: Decision Tree
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6.5 Appendix 5 - Events load estimation

From an environmental perspective, storm-driven events are the most significant factor
affecting the fate and dispersal of pollutants discharged to the riverine or marine envi-
ronment. Most pollutants are generated and moved during events. Therefore estimation
of loads in an event is important, and the techniques used are slightly different from the
techniques used for estimating loads from long-term time series data.

The sampling strategy is based on the assumption that most of the load occurs in a short
period of time during storm runoff events, and that accurate loads can be obtained by
frequent sampling primarily during that period of time. The strategy also assumes that
if samples are sufficiently close together in time, the concentration and flow between
samples will change with time.

Details of events load estimation techniques available in the Loads tool are given below.
Simple integration methods
A simple numeric integration technique can be used to calculate the load in an event.

This approach assumes that sampling during high flow periods is frequent enough that
the sampled fluxes (concentrations and flows) closely match the continuous pattern of
the actual fluxes, and in particular that the peak flux for each storm is not too badly
underestimated. The likely validity of this assumption should be tested by comparing
the flow pattern based on the flows at the times of the samples with that based on all of
the flow data.

Express the time of each pollutant sample and each flow observation as decimal days
of the year. For each pollutant sample, establish a time window, which starts halfway
between the sample and the previous sample, and ends halfway between the sample
and the next sample. The time window for the first sample during a storm should include
only the interval based on the time to the next sample (i.e. should start at the beginning
of the storm); the time window for the last sample during a storm should include only
the interval based on the time from the preceding sample (i.e. should end at the end
of the storm); see Figure 1. Multiply the flow at the time of the sample by the concen-
tration at the time of the sample and the time interval for the sample, and use a related
conversion factor as appropriate to convert loads unit into metric tonnes. Add all these
loads calculated for each time interval together for the event load estimation.

Numeric integration is only satisfactory if the sampling frequency is high. This method,
and particularly the sampling strategy, assumes that flows are highly variable and that
concentrations increase with flow.




6.5 Appendix 5 - Events load estimation 151

1. Simple Integration Method

FLOW

gl pei— t

Start 7 End
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Figure 6.4: Simple Integration Method

Flow volume (Q) for each time step can be estimated by integrating flow rate (q) over
time,

0l =gq-11

Load = {C1-Q1+4+C2-Q2+C3-0Q3+C4-Q4+C5-Q5} - conversion factor

Use a conversion factor to convert the load to a mass unit. If the concentration is in
mg/L and flow volume is in cubic metres, use the following conversion factor to convert
load into metric tonnes:

conversion factor = 0.000001
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where

cj is the ith sampled concentration

h

qj is the it sampled discharge (flow)

¢ is n concentration measurements

q is n discharge measurements

k is number of time intervals in period
Linear interpolation of concentration data

Loads for an event can be generated using linear interpolation between samples. Mea-
sured concentration values are linearly extrapolated to represent flow measurements. In
this technique, assumptions are made about how concentrations vary in time between
samples and how we can linearly interpolate between two consecutive concentrations
to obtain a time series of concentrations (e.g. one-hour time step.)

However in this linear interpolation a problem will occur if you do not have the concen-
tration values for the very start of the event and the end of the event. Generally, an
event will begin when water flow exceeds the base flow, and the event will come to an
end when the flow rate is reduced to the base flow level. In order to calculate the load
for entire event you need to consider the entire time duration of the event.

Most of the time, it would be difficult to sample the concentration right at the point where
the event starts and finishes, and at the peak in concentration, which must occur some-
time during the storm runoff event. Therefore some assumptions and pre-data prepa-
ration would be required to estimate loads during the event using a linear interpolation
method, as flows and concentrations can never be sampled at exactly the right moment.

Use the first and last-sampled concentration points in the event and tie down the values
between these two points for calculation of loads (Figure 2a). In this option, you will
underestimate the event load, as you have missed the pollutant loads before the first
sample and after the last sample in the event.
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2. Linear Interpolation of
Concentration Data

FLOW

] I
Start End
TIME

Figure 6.5: Linear Interpolation of Concentration Data

Add two new concentration points at the beginning and end of the event. This can
reduce the errors in event-load estimation. As shown in Figure 2b, you can add an ap-
propriate concentration value to the start of the event and the end of the event. Perhaps
if you have a DWC (dry weather concentration) value for the stream, it would be appro-
priate use the DWC value as the concentration at the start and end of the event. In this
case you need to prepare your input dataset by adding two new data points.
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2. Linear Interpolation of
Concentration Data
{add data at the start and end of the event)

FLOW

*' — e added data poity —————————

TIME
Figure 6.6: Linear Interpolation of Concentration Data Option Two

n C'+C'+1
Z%'qf
j=1

where

. .th .
cjis j" sample concentration
g, is inter-sample mean flow
Beale ratio estimator

The Beale ratio method has been designed for estimating pollutant loads on an annual
or long-term basis. This method has been recognised as one of the best methods to
estimate loads with a reasonable accuracy. A modified version of the Beale ratio method
can be used to estimate loads in an event.

For times in which samples are taken, the hourly load is calculated as the product
of concentration and flow, and the mean of these loads during the event can also be
calculated (Figure 3). The mean hourly load is then adjusted by multiplying it by a
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flow ratio, which is derived by dividing the average flow for the event as a whole by the
average flow for the hours in which pollutant samples were taken. A bias correction
factor is included in the calculation, to compensate for the effects of correlation between
discharge and load. The adjusted mean hourly load is multiplied by the event duration
in hours to obtain the event load.

Ratio estimators assume that there is a positive linear relationship between dependent
and independent variables, which passes through the origin. Also, if the variance of
the dependent variable is proportional to the magnitude of the independent variable,
the ratio estimator is known to be the best linear unbiased estimator, i.e. the most
precise among the class of unbiased estimators that assume a linear relationship. A
bias correction factor is included in the calculation, to compensate for the effects of
correlation between discharge and load.

3. The Beale Ratio Estimator

FLOW

Steitrl: End
TIME

Figure 6.7: The Beale Ratio Estimator

Using the measured concentration values calculate hourly loads for each sample.

For sample C1 calculate the load by multiplying the flow rate in cubic metres per hour.
Similarly estimate the loads for each sample for the entire event. Then calculate the
average hourly load by adding all loads and dividing by the number of samples.

Average hourly load = (C1-¢q1+C2-q2+C3-¢q3+C4-g4+C5-45)/5

Then you need to calculate average hourly flow rates used in each sample point and
the average hourly flow for the entire event.

Average flow for the entire event
Average flow for the hours in which pollutant samples were taken

Flow ratio =
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Adjusted hourly load = Average hourly load - Flow ratio

A bias correction factor, estimated using the number of samples and flow variability, is
used to improve the accuracy of the estimates. However, if the number of samples is
high, the bias correction factor will become 1 or close to 1.

The total load for the entire event is estimated by multiplying adjusted hourly load by
flow duration in hours for the entire event.

l pO'_LGQ

of V) v T
q 1%
1+

You can use a regression approach to develop a relationship between concentration
and flow, based on the samples taken (see Figure 4). The measured (sampled) data are
used to establish a regression relationship of the power curve. A number of regression
techniques such as simple linear regression, power curve, quadratic function, or the
USGS seven parameter techniques, are being used in load estimations. However, in this
tool we use only a simple power function to develop the relationship between flow rate
and concentrations. Site-specific monitoring data should be used whenever possible to
check the accuracy of the predictions.

Concentration power curve

where

c is concentration
a is coefficient

q is flow

b is power

A regression relationship is developed between concentration and flow, based on the
times at which samples are obtained. The regression relationship may be based entirely
on the event samples. Once the regression relationship is established, it can be used
to estimate concentrations for each flow period in which a sample was not taken. The
total load is calculated as the sum of the loads obtained by multiplying the measured or
estimated concentrations by the flows.

Note: The time intervals for concentration data have to be equal to or greater than the
flow data intervals.

6.6 Appendix 6 - Protocols for the optimal measurement and esti-
mation of nutrient loads

Protocols for the Optimal Measurement and Estimation of Nutrient Loads
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Introduction

The accurate estimation of total loads of sediments and nutrients is a problem that is
attracting considerable attention among natural resource managers, environmental pro-
tection agencies, governments, landowners, and the general community. The delivery of
sediments from Queensland catchments has been identified as a threat to the ecosys-
tem of the Great Barrier Reef, while point and diffuse sources of land-based nutrients
are implicated in the increased frequency and severity of algal blooms in water bodies
around the country. Accordingly, there has been a growing trend towards the expression
of aspirational and compliance targets for nutrients and sediments in terms of either a
relative or absolute reduction in total load. For example, a 20% nutrient reduction target
has been imposed on Queensland catchments impacting the Great Barrier Reef while
the Victorian EPA has required a 40% reduction in the total phosphorous load from the
McAlister Irrigation District by 2005 and a commensurate 40% reduction in total nutrient
loads to the Gippsland Lakes by 2022. As noted by Henderson and Bui (2004), the
quantification of errors and uncertainty is particularly important in the context of ecolog-
ical risk assessments as a failure to do so may lead to risks being significantly under or
over-estimated.

This report focuses on the quantification of errors associated with a number of common
load estimation techniques. We also point out the duality between simple mean-based
load estimators and ratio estimation techniques.

Load estimation

A list of some 24 computational techniques for estimating a load was provided in Letcher
et al. (2002). Most of these formulae can be classified as belonging to one of the
groupings: mean-based estimators; ratio estimators; and regression estimators. In this
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paper we consider a class of load estimators given by equation 1.

I::K<ZCW,'C,'> <Zvjqj> (1)
i=1 Jj=1

qi is a measured concentration on the i occasion

where

c; is a measured flow on the i'" occasion
w; and v; are weights

K is a constant that reconciles the sampling time-step with the period of interest (eg. if
concentrations and flows represent daily values and an annual load estimate is required,
then K=365).

Theoretical mean and variance

Before turning our attention to the properties of load estimators, it will be useful to de-
velop some theoretical results for the expected value and variance of a load under cer-
tain distributional assumptions. In what follows we assume (not unreasonably), that the
distribution of concentration (C) and flow g; are well described by the bivariate lognormal

distribution given by equation 2 and that load, L = CQ.
In(c) — e 2_2p In(c) — o'\ (In(q) — o (In(g)—+
Oc oc 0] 0o

o are the mean and standard deviation of the log-transformed data and

1 1
o(c,q) = exp< —
feoleq) 27cqocog/1—p2 p{ 2(1-p?)

where u and

p is the correlation between log concentration and log flow

Fox (2004) showed that the expected load is given by equation 3.

E[L] =exp { (He +po) + ﬁ [(pog +0c)* + (poc+60)* —2p(pog + oc)(poc +Tp)] } 3)

Furthermore, it can be established that the second (uncorrected) moment is:

%pz) [(pog+0c)*+ (poc + 6g)* —2p<pcg+oc>(pcc+cg>]} )

B2 =exp {200c-+10) +

And so the variance is given as:
Var[L] = E[L?] - (E[L])* (5)

Uncertainty in load estimates

We next turn our attention to sampling properties of the estimator given by equation 1.
In particular, it can be shown that an approximation to the variance is:
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Var[L] = K? ()n: w%) (f‘, v§> Var[L] (6)

i=1 j=1

For suitable choice of the weights w; and g; we can obtain variance approximations for a
number of common load estimators. Furthermore, the duality between a ratio estimator
of load and one obtained using flow-weighted mean concentrations can be established.
These issues are covered under special cases 1-3.

Special case #1: The naive estimator (average flow x average concentration)

The simplest of all load estimators is a scaled product of the mean concentration and
the mean discharge (flow). We refer to this as the "naive" estimator - its attractiveness
lies in its computational simplicity, although serious biases (typically > 30%) result (Fox,
2004). The naive estimator is readily seen to be obtained by letting

1
W = —
ne

and

ijf

and

and

2
Var[L;] = %ir[L] (8)
cltq

Special case #2: Load estimator using flow-weighted mean concentrations and unknown total dis-
charge

Unlike the naive estimator which assigns equal weight to each observed concentration,
the flow-weighted mean concentration (fwmc) uses weights that are proportional to the
magnitude of the associated flow. In this sense, the naive estimator may be thought
of as a time-based average whereas the fwmc is a flow-based average. It is implicit
in flow-weighted averaging that the flow and concentration data are contemporaneous
whereas no such assumption was previously made. Thus,

Ne="Ng=n
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and the weights for fwmc are

qi
?:1 qi

Wi =

V,'ZIVi

thus,

A 1 [ u
Ly=K e (Z Ciqz'> (Z qi)
i=19i \i=1 i=1

Ly=K"Y cigi (9)
=

L

where

K = % (eg. if one month of daily concentration data are available to estimate an annual
load using equation 9, then K=365 and n=30). The K’ factor is needed in this case
because the total discharge, Y'i, ¢; is only known for the sample and not the entire

period of interest. Furthermore,

It can be readily established that in the case n. = n; = n, the variance of ig I:l. To see

this, we look at Var[L,] — Var[L,].

Var(Ls] — Var[L] = (fzq)z i q?Var[L] — {1(2\/azr[L]}
n\Li=14i) i=1 n

nog? 1
= KVar[1] { =190
”(Zizl ‘11‘) n

Hence,
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Var[L,] > Var[L,]

n 2
ln:lql 55— >0
n(Xijq)” "
o, (Xe)
i=1

n

Special Case #3: Load estimator using flow-weighted mean concentrations and known total dis-
charge

This case is identical to special case #2 with the exception that the fwmc is applied to
the total (annual) discharge, Zf»‘:l g;- This, the weights are as before except that the v;
weights span the period of interest (j=1,..,K) rather than the sample (j=1,..,n). Thus,

Yiicigi

3=
( ?:1(/]:')

Q1)

Where Q is the total (annual) discharge. Furthermore,

R KY"  4?
Var[Ls] = i=1 %

7(2’1 61-)2Var[L] (12)
i=19i

Note, if we have sampling fraction f = £;0 < f < 1 then equation 10 can be written as

Var[Ls]
f

and

Var[l,] =

Var[L3] < Var[L,]

The duality of the flow-weighted mean concentration load estimator and a ratio estimator

Ratio estimation is a well known technique for potentially reducing the error (increas-
ing the precision) of the estimate when an auxiliary variable that is correlated with the
variable of interest is available. A full treatment of ratio estimators is given in Cochran
(1977). In the present context, a ratio estimator is formed by assuming the ratio of
the total load for the sample to the total discharge for the sample is the same as the
corresponding quantities over the period of interest. That is

Where | (L) is the sample (population) load and q (Q) is the sample (population) dis-
charge. The ratio estimator is then
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. l
Lyatio = (Q) 0(13)

Expanding equation 13, we have

2 7():?:1“" Y1 viqi) f

Lyatio = i (14)
l =

and letting

v; =1Viand

qi
H

=14i

w; = we see that

Lyatio = L3

An example

We consider the estimation of the total phosphorous (TP) load in a drain (designated
CG3) in Gippsland, Victoria during the 2004 irrigation season. The availability of daily
flow and TP measurements enables us to compute the ’'true’ load as 5,517.10 kg. A
random sample of n=29 observations were taken and the results used to demonstrate
the methods outlined in this paper. The parameters given in table 1 were estimated from

the log-transformed flow and concentration data.

Log-flow Log-concentration
u 2.5561 -0.02834
c 0.6706 0.8008
P 0.482

By substituting the parameter estimates in table 1 into equations (3) and (4) we obtain
(using equation (4)) estimate the load variance to be Var[L] = 3132.863. We next obtain

the load estimates using methods 1 - 3

Our data yield:

n =29,

¢;i = 1.17225, and

9]

Il
S| =
TP

n

G= ;Z =11.4015

—
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The duration of the irrigation is such that K=279 days. Thus,

Ly =279-1.17225-11.4015 = 3728.95kg

Compared to the 'true’ load of 5517.10kg, n = 29 is seen to underestimate the true
load by 33%. This overestimation is a consequence of the high (positive) correlation
between log-concentration and log-flow. A bias correction factor (Fox 2004) can be
applied in attempt to reduce this effect. In this case an improved estimate is obtained
by multiplying L, by

exp{Cov[InC,InQJ} =exp(po.0,) = 1.2954. This gives a modified total load of 4830.5kg
which has reduced the bias to 13%.

From equation (8) we have

2
29-29

~

Var[L] =

Var[L] = 350220.28

and hence

SE[L,] = y/Var[L;] = 591.8

From equation (9)
29
=K'Y ciqi
i=1

% 434.410 =4179.32kg

Compared to the 'true’ load of 5517.10kg, n = 29 is seen to underestimate the true load
by 24%.

From equation (12) we have

. 279Var|L]
Var[LZ] = 2 Z%
( ) (Zz 1 Qt i=1

2797 (3132.863)(4553.11)

29 330.6432 =350220.28

and hence
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SE[L;] = 1/ Var[l,] = 591.8

From equation (11)

s Xcigi
L3 = l291 : 'l Q
Zi:l%

(434.410) - (5244.32)
330.643 6890.17kg

Compared to the 'true’ load of 5517.10kg, L, is seen to overestimate the true load by
25%. From equation (12) we have

s 279Y7, ¢
Var[L3] = %Varm
(Zi=1‘1i)
~279-(4553.11)-(3132.863)

50,6132 =36402.82

and hence

SE[L3] = 1/ Var[Ls] = 190.8

6.7 Appendix 7 - Assessment of Water Quality Data For Temporal
Trends

6.7.1 Introduction

The identification of trends in water quality can be used to either confirm the effec-
tiveness of management actions or to establish a need for management intervention.
Many water quality monitoring networks have been set up with the primary objective
of detecting temporal trends in water quality. These networks are also useful for other
purposes eg. describing water quality, assessing compliance with regulatory objectives,
comparing sites/regions, investigating processes or factors affecting water quality and
estimating loads.

Water quality can vary spatially and temporally for many quite natural reasons. For the
data from a water quality sampling program to be useful it must adequately describe
the range and the norm of this natural variation. This is a fundamental requirement that
must be taken into account in the design of any water quality monitoring program if the
data are to be useful for trend detection or any other of the above purposes.

To successfully investigate water quality trends one needs to first of all assess the data set being
used to make sure it is suitable for trends analysis.
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6.7.2 Water quality variability
6.7.2.1 Spatial Variation

Spatial variability can potentially be confounded with temporal variability and the con-
tributing factors to spatial variability need to be understood if they are to be controlled.
There should be no systematic changes in the spatial distribution of samples over time
if confounding of spatial variability and temporal variability is to be avoided.

Spatial variabilty can operate on a number of scales eg.

Within a water body

+ along the length or width of a river.

« different parts or arms of a lake, or strata within a lake.

Rivers are generally assumed to be uniformly mixed, however there are circumstances
when this might not be true, eg large pools may be different to riffles, especially during
drought conditions when pools could stratify and current induced mixing could be very
poor. Lakes are often poorly mixed especially if they are deep, dendritic in nature,
stratified or have a number of inputs of varying character.

Regional

A water body’s geographical position within a catchment or on a broader regional scale
can correlate strongly to climate and rainfall distribution, which in turn can affect water
quality. Other factors such as altitude, gradient, stream size, geology and topography
also have an important influence on water quality. Human influences (landuse, im-
poundments, discharges) are superimposed upon and often correlate with many of the
above factors.

All of these factors can interact to produce a broad range in waterbody types and water
quality. Consideration of the above factors and the scale over which the monitoring pro-
gram is operating (within a catchment, regional, statewide or nationwide) is an important
factor affecting site selection and the density of sampling sites. Sites could be stratified
to concentrate on certain aspects of the range in spatial variation or could attempt to
represent the full range of variation.

Adequate coverage of spatial variation including natural and affected sites is essential
not only for descriptive purposes, but such information as, for example, geographic
patterns in trends, which can give important clues to their causes.

6.7.2.2 Temporal Variation

Cyclic variation in water quality can operate on a number of scales eg. daily, seasonally
and over a number of years, decades or even longer. Superimposed upon this cyclic be-
haviour is a strong element of randomness or "chaotic behaviour". All of these sources
of temporal variation can potentially be confounded with true temporal trends.

The daily cycle in light and temperature can have a strong affect on many water quality
parameters (including biotic factors which can affect water quality). Therefore one needs
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to ensure that the time of day of sampling is not a significant factor that could be pro-
ducing consistent differences between sites or at the same site over time. This means
that sampling time would need to be standardised or better still randomised throughout
all of or part of the day, or at very least recorded.

To adequately define seasonal cycles or within year variations requires samples to be
taken frequently over a number of years. Monthly and quarterly sampling frequencies
are often used. Whatever the sampling interval used it is important to randomise or
spread the sampling times throughout that interval, and the longer the interval the more
important it is to pay attention to randomisation of the sampling time, and the longer it
will take to accumulate sufficient data to describe seasonal and inter year variation and
detect trends.

How much data does one need to detect a trend?

With three years of data it would be possible to obtain statistically significant results
but such trends would mean little because of the high inter year variation found for
many water quality indicators and the tendency for dry years and wet years to occur
in runs. The frequency of sampling is the single most critical aspect of water quality
network design affecting the power of a program to detect trends. An analysis of the
effects of sampling frequency on the ability to detect trends undertaken for the Victorian
Water Quality Monitoring Network (VWQMN) (EWQMC 1996) concluded that quarterly
sampling had very little power to detect trends requiring at least 20 years of data to
detect trends of high magnitude. Monthly sampling had a significantly increased power
to detect water quality trends with a further significant increase in power occurring from
monthly to fortnightly. Higher sampling frequencies provided little additional power but
significantly increased the risk of the data being seriously affecte by serial correlation.
Lettenmaier (1978) recommends that the best sampling frequency for a trend detection
program would be at least monthly (for sufficient statistical power) and not more than
fortnightly (from considerations of serial correlation).

Investigations done for the review of the VWQMN (EWQMC 1996) indicated that at
least 8 years of monthly data is needed to detect a change in the mean of one standard
deviation. With five years of data only trends of high magnitude would be detectable.
Ten years of data is however generally considered as a minimal requirement for trend
analysis. As data sets extend into decades it becomes possible to detect trends of even
small magnitude with a high degree of statistical certainty.

Ten years is still a short data set for trend analysis and it cannot be assumed that trends
seen (or not seen) through that window will extend beyond that window. The longer
the data set the more clearly we will be able to see trends and long term cycles and
hopefully distinguish one from the other.

6.7.3 MAIN STEPS IN ASSESSMENT OF WATER QUALITY DATA FOR TRENDS

A systematic approach to assessing water quality data for temporal trends is recom-
mended so as to avoid or control potentially confounding factors. The following steps
are recommended as an efficient process that minimises false trends being identified
and repeated back tracking to eliminate spurious data points.

» Data Validation
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+ Visual Assessment/ Exploratory Data Analysis
« Statistical Testing

» Modelling and explanation of the trends

6.7.3.1 Data Validation

Before assessing data for trends in water quality it is important to ensure that the data
is sound otherwise all one may be doing is detecting trends in the procedures and
methodology employed in collecting data. Ideally a data set for trend testing should
be collected in a consistent manner, with few missing values. Well documented quality
control procedures need to be in place at all stages from sample collection to analysis to
ensure the quality of the data and that the effects of procedural changes can be tracked.

Detection limits

One needs to assess the data to see if detection limits exist to any great extent in
the data set. This will vary for different indicators with some indicators being little or not
affected by detection limits (eg pH and temperature) whereas others (eg metal toxicants)
could have the majority of data points below the detection limit. If a large proportion of
the data is below the detection limit it may not be possible to assess for trends. Applying
statistical tests for trend to a data set with many detection limits, in an uncritical manner,
will result in false trends being detected or real trends being obscured. If the detection
limit varies this can create problems for trend detection, particularly if the change in
detection limit is systematic rather than random. Ideally the analytical method chosen
should be of sufficient sensitivity to ensure that the majority of the data points are above
the detection limit, and the detection limit should not vary.

Choosing between various formal treatments of detection limit data is difficult because
the data have been tampered with in only in one part of the range, i.e. near zero.
Uncertainty applies to all observations regardless of where they lie along the range of
the data. If the uncertainty estimate used to calculate the detection limit is used to
round the data along its full range, then the values below detect get rounded to zero.
Values above the detection limit are placed into categories with a bandwidth of twice the
uncertainty estimate and are rounded to the mid point of the band (as are values below
detect which are rounded to the mid point of their band i.e. zero). Use of such a rounding
approach does not affect the mean but the variance is a little larger. If the differences
between rounded and unrounded data are assumed to have a uniform distribution then
that variance can be subtracted from the variance of rounded data to give back the
variance of the original data (Rob Goudey, VIC EPA statistician pers. Comm.).

Non-parametric statistical tests for trend can be used for datasets that have detection
limits. Such tests assume that the detection limit does not vary, if it does vary then
the highest detection limit has to be applied to all values, and all values below this limit
are recorded as below detect and are treated as ties (Hirsch and Slack, 1984). If a
data set has a very small number of values with a detection limit different to the usual
detection limit (particularly if it is much higher than normal) it may be better to simply
exclude those values from the analysis, that is treat them as missing values. If there has
been a systematic change in a detection limit such as might happen if there has been a
method change or a progressive improvement in detection limits then that data set will
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need careful treatment before it can be used for trend analysis. Such changes are often
difficult to detect without careful examination of the data.

Consistency of units

The units in which the data are reported need to be checked for consistency throughout
the data set. A common error in the use of units exists with units for Electrical Con-
ductivity (EC) where the two commonly used units differ by a factor of ten eg 1 mS/m
=10 uS/cm. The muddling of the two sets of units can often go undetected when data
is entered and can produce sharp jumps or what appear to be extreme outliers in the
data.

Consistency of data collection and methodology

All aspects of sample collection and analysis have the potential to affect the measured
values of indicators. Ideally a sampling program will have well defined protocols that
have been designed to ensure that the results obtained are consistently correct, or at
very least errors and biases introduced through sampling are known and controlled.
For example indicators that are normally measured in the field are best measured in
situ rather than in a sample bucket. Temperature can change very rapidly in a bucket
(and hence any indicator affected by temperature) and in very dilute waters the carbon
dioxide in exhaled air can significantly change the pH of water in a small container, thus
the preference of individual operators regarding the way they take samples and in situ
measurements could produce trends in the data. Any change in procedures need to
be well documented so at the very least their impact upon the data can be assessed,
if such documentation is not in place then interpretation of trends could be affected by
uncertainty.

Time of day of sampling

The normal daily variation of light and temperature can affect many water quality vari-
ables. Water temperature is an obvious indicator showing a strong diurnal trend. Dis-
solved Oxygen also shows a clear diurnal trend responding to changes in temperature
as well as to changes to in-stream photosynthesis, which is strongly controlled by light
levels. Photosynthetic activity also has a strong influence on pH. Other variables such
as turbidity (affected by temperature) and stream flow (affected by water use of terres-
trial plants) can also show clear diurnal trends.

Ideally, for a water quality monitoring program designed to detect trends over time, the
time of day of sampling should not vary for a specific site. The time of day of sampling
can vary between sites, but if it does it could confound comparisons between sites. To
allow for trend testing and comparisons between sites the sampling time at a site should
be randomised either over a 24 hour period, or within a given sampling time window.
This is difficult to achieve and generally monitoring networks do not randomise the time
of day of sampling. It is highly desirable to check how the time of day of sampling has
varied for specific sites. This can be done simply by plotting time of day of sampling
against date. Hopefully the time of day of sampling will not vary or if it does the variation
is random. If variation in time of day of sampling is non- random and significant it may
be necessary to use values for the indicator of interest that have been corrected for the
time of day of sampling, or to at least be aware of how changes in the time of day of
sampling could affect the value of an indicator.

Changes in sampling frequency, missing data and extra data
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The frequency of sampling should not vary and all seasons or periods of the year should
be adequately sampled at the same intensity. Analysis of the distribution of sampling
events between months, seasons and years should be undertaken to ensure an even
distribution. Over sampling is as much of a concern as under sampling.

Large amounts of missing data can be problematic for trend detection; it can greatly
weaken the power of statistical tests or prevent the use of many statistical tests, and
can produce false trends or obscure trends that do exist. Ideally there should be no
or very little missing data and what values are missing should be distributed randomly
throughout the data set. If there is a long period of missing data between two periods
of data collection then it would be best to treat the data set as comprising two discrete
time periods of data collection and compare the means of indicator values between
the two periods rather than attempt any trend analysis spanning the two time periods.
The two data periods should be of similar length and cover complete years that is have
no biases due to particular seasons not being adequately sampled. If there are many
missing values then one will need to check if there are any biases or trends in the
distribution of missing values. For example there may be a tendency to not sample in a
particular season in which case it may be better to restrict the analysis to the seasons
that are well sampled.

Sometimes it may not be a case of missing values but of a deliberate change in sampling
frequency eg weekly to monthly, or there may be periods when extra samples have been
included eg high flow event samples. In such cases one will need to randomly prune
back the data set so as to produce a data set with a uniform sampling frequency. It is
preferable to produce a data set of uniform frequency by pruning the data rather than
aggregating the data. For example if part of a data set, that generally has a monthly
sampling frequency, has been sampled weekly, then it would not be valid to produce
a monthly sampling frequency by averaging four weekly samples as this would reduce
the variance in the part of the data set so treated. One would need to randomly select
a sample from each of the months that has been over sampled. If one leaves the extra
samples in the data set and there is a significant portion of a data set that has been
sampled at a higher frequency then it is likely that a greater number of extreme events
will have been sampled in that part of the data set. This can create the illusion that the
behaviour of the indicator has changed.

If there are extra data points in the data set related to events of interest then one really
has two data sets mixed together and they need to be segregated to avoid biases.

Changes to analytical methods

Different analytical methods have different strengths and weaknesses and are subject
to different interferences. Therefore it is unusual for two different analytical methods to
provide exactly the same answer in all circumstances. To control the potential impacts
of changes in analytical method it is essential that all changes to methods are well
documented and there are adequate periods of cross comparison. Ideally changes to
analytical methods should be avoided; however this is not always possible. If there has
been a change in analytical method then one would need to use the period of cross
comparison to calibrate one method against another. Sometimes it is not possible to
derive a satisfactory calibration and one simply has to accept that there is a break in the
data set.
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6.7.3.2 Visual Assessment and Exploratory Data Analysis

Visual Assessment and exploratory data analysis is an essential component of any trend
assessment. The human brain and visual system is very powerful at identifying and
interpreting patterns, and a well conducted EDA and visual assessment may eliminate
the need for a formal statistical analysis. Sole reliance on statistical test results can be
meaningless without a proper understanding of the data.

EDA and visual assessment involves using graphs to explore, understand and present
data. It is an iterative process where graphs are plotted and refined so that important
features of the data can be seen clearly. Visualising the data can readily identify outliers
due to poor data quality, strong data independence/autocorrelation, step changes in
methodology and recording technique and much more.

The time series plot is the most useful visual tool for analysing trend/change. The
variable of interest is plotted against time as a scatter or line plot. A trend line can
be fitted to the data. Techniques for fitting trend lines include moving average, linear
regression, quadratic regression, and LOWESS smoothing. Visual inspection of plots of
the raw or transformed data together with smoothed curves superimposed can clearly
indicate the type, direction and magnitude of a trend as well as revealing long term
cycles and other patterns in the data eg. linear, monotonic, curvilinear, step trend and
trend reversals.

6.7.3.2.1 Things to watch for in time series plots:

Concordance between the smoothed curve and the data points

Anomalies in the data can sometimes cause the smoothed curve to track through a re-
gion of the plot where there are few data points. For example if data are bi-modally dis-
tributed the smoothed curve may track between the two modes of data points and give
a misleading impression of the trend. It may be necessary to investigate the reasons for
data anomalies and perhaps partition or remove some of the data. For example base
flow and high flow data could be plotted separately or values could be flow adjusted if it
appears that flow may be having a strong influence upon the indicator of interest.

Log-normally distributed data or data with exireme outliers

If the indicator of interest is log-normally distributed or has a small number of values
of much greater magnitude than the majority of values then the majority of values will
be plotted close to the baseline (zero on the y axis). This will make it very difficult to
see what is happening with the majority of data points. This can usually be remedied
by applying a log transformation to the data or by imposing an upper limit on the y
(indicator) axis.

Tests for normality

The trends tool offers a number of tests for normality. These can be useful as a part
of the initial examination of the data. If data is not normally distributed a transformation
could be applied to the data to normalise it. This can assist in viewing the data and
when employing parametric tests for testing the significance of trends. Transformation
of the data is not needed if non-parametric tests are used.
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6.7.3.2.2 Smoothing Techniques

The trends tool offers a number of basic smoothing techniques, which can be used to
reduce the variability in the data and possibly reveal underlying trends or cycles in the
data. In the context of temporal trend assessment data smoothing aims to produce a
summary of how the indicator has changed over time. The noise in the data is smoothed
over so as we are not distracted by it.

Simple Linear Regression

Simple Linear Regression (SLR) can be used to fit a trend line to time series data that
indicates the general movement in the data over time. A straight line could be drawn
through the data points by eye but SLR is a more rigorous way of fitting a line to the data.
Fitting a straight line to the data can be useful to indicate the overall tendency of the data
(increasing or decreasing) over time, but does not reveal any other structure to the data
eg. seasonal cycles, longer term cycles or trend reversals. It has the advantage that
it is a simple technique, but should not be interpreted as implying that the indicator of
interest is in some way dependant upon time only that it has a tendency to increase or
decrease with time. One needs to keep in mind that other factors are probably affecting
the indicator. For regression to be used the data must be normally distributed, if not a
transformation will need to be applied to the data to normalise it. If the data is strongly
non-normal the fitted line could iss the majority of the data points.

Moving Average

The moving average can be used with time series data to smooth out short-term fluctu-
ations or cycles and reveal longer-term cycles and trends. For example with time series
data sampled on a monthly basis a moving average or total of 12 data points would
remove any seasonality in the data and highlight longer-term trends and cycles.

LOWESS

LOWESS/ LOESS (Locally Weighted Scatterplot Smoothing) is a useful technique for
producing a smooth set of values from a time series or scatterplot where there is a lot
of noise in the relationship. LOWESS is a robust technique when data are non-normally
distributed. It makes no assumptions about the nature of the relationship between the
indicator and time (eg linear or non linear) but lets the relationship emerge from the
data itself. The model being fitted to the data gives more weight to points close to the
point whose response is being estimated and less weight to those further away. The
size of the smoothing window or tension value (proportion of the data being used ex-
pressed as a decimal from 0-1) can be selected with low values tending to produce a
very non-smooth fit (tends to follow the data points closely) and high values producing
a very smoothed fit. The value for the tension value is at the discretion of the analyst
and depends on what features of the data that one is interested in. For example one
could choose a low tension value that would track the within year variations in an in-
dicator or one could choose a higher value that smooths out the within year variations
but responds more to inter annual trends. A disadvantage of LOWESS compared to
regression techniques is that it does not provide you with an equation to describe the
fitted model.

Polynomial regression

It may be noticed from a time series plot that an indicator seems to change in a non-
linear or curvi-linear fashion with time. Polynomial regression is a technique that can
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be used to fit curves to the data. In the context of temporal trend analysis polynomial
regression fits data to the following equation.

Y=A+BT+CT*+D.T*+E.T*

where Y is the value of the indicator and T is time. A,B,C,D,E ... are constants. Stopping
at the T term would produce a straight line (simple linear regression). Including a T2
term would give a curved line and would allow you to model one turning point in the
data. Including a 7" term would allow modelling of two turning points etc. The number
of terms that one includes is largely a subjective choice. Lower order relationships such
as T2 or T3 tend to produce very smoothed curves eg Fig X. High order relationships
will follow movements in the data more closely. It is, however, generally recommended
to avoid the temptation to over fit the data using high order polynomials as this can lead
to results that are numerically unstable. If a more closely fitting relationship is desired
for data that appears to change in a complex way with time it is recommended that a
technique such as LOWESS be used.

6.7.3.3 Statistical Tests For Testing The Significance Of A Trend

Once a possible trend has been identified from visual analysis of the data, one may
want to test the statistical significance of a trend. A statistical test can be useful to
sort out a trend where one may be uncertain of what the data is doing as the eye can
be misled by extreme values in the data. Trend assessment should never rely on an
uncritical application of statistical tests to large amounts of data without some visual
assessment of the data and checking of the data. Otherwise all one is likely to do is to
detect anomalies in the data and call them trends.

If the background assumptions of the particular statistical test you are using are not
met eg using a parametric test when the data is clearly not normally distributed then
erroneous results and conclusions can result. Serial correlation in the data also violates
the assumption of independence of the data - that there is no short-term correlation be-
tween samples. When it occurs the p values calculated using statistical tests will be too
low and trends may be falsely identified (Helsel, Mueller and Slack, 2006). Some basic
but powerful approaches to testing the statistical significance of a trend are discussed
below. The trends module has available a much larger range of tests, some of which
may be useful or more appropriate in special circumstances.

Simple Linear regression

SLR can be used to assess the statistical significance of the trendline fitted to the data,
that is it can be used to test if the slope of the trend line is significantly different to zero.
The outputs of a regression analysis also include a term known as R2 or the coefficient
of determination. R2 is a measure of the proportion of the variation in the data that
is explained by the regression. It varies from 0-1, with 1 indicating a perfect fit of the
regression to the data.

Kendall and seasonal Kendall

Kendall's Tau (Kendall 1975) is a basic non-parametric test for trend testing. Its only
background assumption is that the random variable is independent and identically dis-
tributed (Smith, Hirsch and Slack 1982). It is a robust test that can be used with data
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that is non-normally distributed, has missing values, and has values below the detec-
tion limit, serial correlation, and non-linear but monotonic trends. In this test all possible
pairs of data values are compared; if the later value in time is higher then a plus is
scored; if lower then a minus is scored. If there is no trend in the data then the number
of pluses and minuses should be about equal. If there is an increasing trend then values
later in the time series will more likely be higher and many more pluses will be scored;
if a decreasing trend then later values will more likely be lower and many more minuses
will be scored. In the Seasonal Kendall test only data pairs from the same season are
compared. This has the advantage in that the background assumption can now be sig-
nificantly relaxed in that the random variable need only be identically distributed in like
seasons (Hirsch, Slack and Smith 1982). Seasons can be defined by the investigator,
but is usually individual months when monthly time series data are used, and thus only
data pairs from the same month are compared. The effects of serial correlation are min-
imised in the Seasonal Kendall test. The Seasonal Kendall test was modified (Hirsch
and Slack 1984) to account for serial correlation. Hirsch and Slack (1984) suggest us-
ing the modified test if there are more than ten years of data, as it commonly takes this
much data to detect serial correlation, if present. If no serial correlation is present then
the modified test is less powerful than the un-modified Seasonal Kendall test.

Although generally a very robust test, if the trends in the data set are not monotonic
(that is they change direction) or there are opposing trends in different seasons then the
power of the test will be greatly weakened as such opposing trends will cancel out in
the testing procedure.

Testing for a difference between two periods: Student’s T test and the Rank Sum Test

There are two situations when one would test for a step change rather than a linear
or monotonic trend (Hirsch et al 1991). They are: when there is a natural break in
the data between two data collection periods that is greater than about one third of the
total data collection period, or when a specific event has occurred at a specific time
that could affect water quality e.g. commissioning of a sewage treatment plant. In the
latter case the decision about where in time the step has occurred should be based on
prior knowledge of possible reasons for a step change rather than from examination of
the data (i.e. the analyst notices a an apparent step but has no prior hypothesis that it
should have occurred). To do otherwise would bias the significance level of a statistical
test. If one wants to test for a step trend then a test that tests for the difference between
two means (Student’s T test) or a non-parametric version that tests for a difference
between two medians (Rank Sum test or Mann-Whitney test) could be used. To use
the Student’s T test the data from each period must be normally distributed and have
the same variance. The non-parametric tests can be used with normally distributed or
non-normally distributed data. When comparing two data periods it is important that the
data periods are multiples of complete years so as not to confound seasonal variability
with differences between the two periods, and it is preferable that the two periods are
balanced, i.e. about the same length.

6.7.3.4 EXPLAINING THE TRENDS

Many factors can give rise to trends in water quality. Identification of a trend is a first
step, but probably of more importance is explaining a trend. Being able to explain a trend
means that one can properly assess its significance and suggest appropriate manage-
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ment actions to correct it, if needed. A subjective assessment would need to be based
upon a comprehensive knowledge of the water body and its catchment and the history
of potential disturbances and influences to the water body. In such instances a trend
maybe considered evidence for a particular cause and effect relationship. Such an as-
sessment may provide sufficient insight for the development of management responses.
However, often a more quantitative explanation of a trend is required. Such an expla-
nation of a trend requires a model which links variation in the indicator in question with
a number of other variables. This is a complex task requiring not only information col-
lected with the water quality information (eg streamflows, rainfall, other indicators and
environmental information) but the ability to link in with other data sets eg through GIS.
Capabilities in environmental modelling are becoming well developed but rely to a high
degree on having the basic environmental information to work with, for which an ade-
quate monitoring network is essential. Modelling of trends using potential explanatory
variables is a complex process considered beyond the scope of this module.
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