R as a statistical engine for a water quality
trend analysis web-service

P. Rustomiji, B. Henderson, K. Mills, Q. Bai and P. Fitch
CSIRO Land and Water ‘“ml’

CSIRO Mathematics, Informatics & Statistics CSIRO



Motivation

Improve water quality condition and trend reporting in Australia by:

e harvesting existing statistical methods for water quality trend
analysis

e assessing compliance or progress towards targets and
guidelines and

e presenting these in a robust, scientifically supported and
web-accessible tool.
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Why is this important?

e Multiple trend analysis methods applied by States/Territories
(or consultants) but they are not broadly available or
presented in ways that makes adoption and regular use easy.

e A need to provide more robust and routinely available picture
of water quality conditions.

e Assist in directing future investment in land and water
management.

e Build awareness of the challenges and complexities in linking
management actions with identifiable and desired
environmental response.
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Trend Analysis Methods considered

e Seasonal Kendall’s Tau slope estimate (Theil/Sen estimate)
— non-parametric estimate of slope

— related to Seasonal Kendall’s Tau tests for monotonic
change

— flow adjustment possible but two step procedure
e Linear Regression & Generalised Additive Models

— flexible framework for trend analysis that allows us to
adjust for covariate effects

— Linear time trend — linear regression
— Nonlinear trend — GAMSs (uses smoothing splines)

log(EC;) = Bo+ 1 log( flow;)+Pa sin(2mt; )+ B3 cos(2mt; )+ Bati+s(ti ar ) +e;
| TespoLse flow effect seasonal cycle linear non linear ‘mm'
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What We Did

Provide a web service that performs trend analyses of water
quality data, using R as the statistical engine for analysis and
visualisation

e Microsoft .NET is used to construct the web service
e Text files for data and parameter input
e Server calls R scripts using Rscript.exe
e Analysis is contained within Sweave files
— Report template in IBTEX interspersed with R code

e Sweaved files (*.tex) are compiled using pdflatex.exe to
produce a pretty PDF report

e PDF graphics files converted to PNG format using Ghostscript

e User can download data and graphs. ‘mm'
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Advantages:

1. Makes R available to a larger audience (no direct R programming
experience required).

2. Reference R objects in report using Sweave Sexpr{}.

3. Include interpretative statements tailored to the statistical results

(using the KTEX i fthenelse package in conjunction with Sexpr{}
statements) e.g.
“The flow adjusted linear trend is -14.45 units change per unit
time. The significance level (p-value) for this trend is <0.001
which means the likelihood of such a trend occurring by chance
is less than 1 in 1000.”

4. Harness typesetting capabilities of TEX to produce a high quality
PDF report.

5. Access mapping capabilities of GoogleMaps.
6. Internet-wide accessibility.
7. Can be called by other applications (e.g. from Microsoft Excel).
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C:/>rscript.exe $WQSAR_SCRIPT_PATH%\\mastertrend.r \path\to\output_dir\1234 --slave

—-——— contents of mastertrend.r —-———

outpath <- commandArgs (TRUE) #first and only argument is the path to the output direct
uniquenum <- basename (foo[l]) #get last part of directory name

par.file<- paste (uniquenum, "parameter_file.txt",sep="-") #parameter_file name

inputfile <- paste(uniquenum, "single_file.csv",sep="-") #data_file name

sp <- Sys.getenv ("WQSAR_SCRIPT_PATH") #path to code

#read in input parameter file
f <- function(.file) {source(.file,local=TRUE);as.list (environment ()) }
ipf <- f(par.file)

#now call the Sweave files that actually do stuff....

try (Sweave (paste (sp, "\\routines\\BEGIN_ROUTINE.Rnw", sep=""),

output=paste (uniquenum, "-BEGIN_ROUTINE.tex", sep=""), debug=FALSE, quiet=FALSE) )

if (ipf$Sgam.method == TRUE){ #if GAM analysis was chosen...

try (Sweave (paste (sp, "\\routines\\GAM_method.Rnw", sep=""),

output=paste (uniquenum, "-GAM_method.tex", sep=""), debug=FALSE, quiet=FALSE)) }

if (ipf$lin.method == TRUE){ #if linear regression was chosen...etc

try (Sweave (paste (sp, "\\routines\\LINEAR method.Rnw", sep=""),

output=paste (uniquenum, "-LINEAR_method.tex", sep=""), debug=FALSE, quiet=FALSE)) }

-——— end mastertrend.r ———-—

: :NOW MERGE OUTPUT FILES READY FOR PDFLATEX COMPILATION
C:/>copy /Y latex—-preamblel.tex /A + 1234-BEGIN_ROUTINE.tex /A + 1234-data_summary.tex /A + 1234-
1234-GAM_method.tex /A + 1234-NONPAR_method.tex /A + 1234-END_ROUTINE.tex /A %$uniquenum%-%fileend

then compile...
C:/>pdflatex.exe ——quiet --job-name=%uniquenum%-%fileend% "%uniquenum%-%fileend%.tex"
::Voilal!



Home @ Trend analysis = Multi-site analysis

Welcome to the Water Quality Statistical Analysis and
Reporting (WQSAR) suite of tools.

You can use these tools to analyse water quality trends and generate reports on
these for freshwater and estaurine systems all over Australia. Trends may also be
compared across different monitoring stations in a multi-site analysis,

There are three different tools available, Two of these perfarm single site water
guality trend analyses but use different client application types: a Web application
and an add-in for Excel 2007, They retrieve, inspect and analyse the data and
produce a statistical analysis report,

The multi-site analysis Webh application takes completed analyses of station data
and compares them, also producing a report.

Disclaimer/legalities Privacy




Start over anme‘j | HELP | Glnssar'».-'

Choose a Station Chooze Data Inzpect Data Firal Data Analysis Get Results

Welcome to the Water Quality Statistical Analysis and Reporting Tool
{WQSAR).

You can use this toal to track water quality trends and generate reports an
these for freshwater and estuarine systems all over Australia; as well as
comparing results from water quality multiple monitoring stations {multi-site
analysis).

Please read how to use this tool before you start,

Please select a service {(source of water quality data), either:

e from the drop-down list below
e or by entering your own service URL,

{Learn more about selecting or setting up a service).

Choose a service from the drop-down list:

DR | Enter own service
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Start over {(Home) | HELP | Glossary

Home Chooze Data

Inspect Data Final Data Analysis Get Results

Select station and operating mode

BACK \ NEXT \

Select station from known identifying information

{Learn more about selecting a station).

Select station ID

ODK:9315000 [GREEN RIVER AT GREEN RIVER.]

OR zoom in on the map below to select station.
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Start over {Home) | HELP | Glossarv

Hotne Choose & Station Inzpect Data Final Data Analysis Get Resultz

Set up Water Quality Data

{Learn more about choosing data).
Choose a flow (if available) and water quality variable.
Flow wariables (choose one) | Discharge

=]

Water quality wariables {choose
onej

Date Measured From |1;’D1,-’1E|41 12:00:00 Akd

Cate should be in Australian format, with aptional time (dd/mr/yyyey hhimmiss AMPM

with this spacing). For erample: 22/07/2008 9:11:00 AM. Or use the Date/Time
chooser"

10171941 12:00 AM
Date Measured To [31/12/1854 12:00:00 AM

Date should be in Australian format, with optional time (dd/mm/ypyy hhimmiss AMPM
with thiz spacing), For exarple: 22/07/2002 2:11:00 AM, Or use the Date/Time
chooser"

MM 21984 12:00 At Ty

| Sinlicts, total =]

Description [Solids, total was measured in
milligrams per liter|. There were
16071 ohservations.

BACK | NEXT |
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Start over (Home} | HELP | Glossary

Huatme: Choose 5 Station Choose Dats Final Data Analysis Get Results

View and Save Graphs and their Associated Data

The data esploration graphs below will help you to assess the suitability of raw data for

BACK

NEXT

analysis. Links to download the graphs and data/parameter files are available beneath the graphs.

{Learn more about inspecting the data).
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a Station

Choose methods and transformations

({Learmn more about setting up the analysis parameters or read a report discussing the uses of the
trend methods below).
NOTE that data run through analysis may be wisible to other users.

Trend methods - choose one or more:

Description of the methods:

Select Data Transformation:

{Generalised Additive Model Only)
Select Flexibility in Non-Linear Trend:




Start over {(Home) | HELP | Glossary

Home C tion Ch Lata Final Data Ana

Get Report and Associated Data

and can download a report (and/o
[Learn more about understandln the report].
Download report:

1693-wgsar report.pdf

Download one page
summary: 1693-wqsarreport-onepaqe.pdf

Download everything (zip file .
of report, graphs and data): 1093.7i




° CSIRO Water Quality Statistical Analysis and Reporting Tool

ater Quality Trend Analysis for Station 123456
Euston at Euston

GAM Trend Analysis

start date
duration (days)
catchment area (km?)
longitude (degrees East)
latitude (d
operating agency
electrical conductivity

y
units of flo
% days with flow data

Table 1: Summary of station details

Monthly Mean Data Plots

a5 2010
s Time (yoars)
The flow adjusted linear trend is 1435 uits change per unit time. The s n
level (p-value) for this trend is <0.001 which means the likelihood of such a trend
cccunng by chance s approximately Jess than 1 n 1000. The signifcance lovel (p-
value) of the non-linear trend is 0.0 This value is less than 0.05 and indicats
the non-linear trend is likely to be adding additional important information beyond
that captured by the linear trend alone
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v adjusted linear trend is -14.45 units change per unit time. The signific
level (p-value) m this trend is <0.001 which means the likelihood of such a trend
than 1 in 1000

Non-Parametric Trend Analysis

djusted linear trend from the seasonal Kendall slope analysis is -14.48 units
change per unit time. A 95% confidence interval for this trend is [-15.18,-13.84]
this interval does not intersect O the trend is statistically significant

GAM.noflow  LINEAR __ LINEAR noflow  NONPAR _ NONPAR_noflow
Units change per unit time 1448 43
S.E. (change per unit mne) 2 2
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CSIRO Water Quality Statistical Analysis and Reporting Tool
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igure 3: Time series plots of water quality variable and fitted trends. Grey dots show monthly mean observations. Thick black lines indicated fitted
linear trends. Thin red line indicates fitted non-linear trend + seasonal cycle; thick red line shows non-linear trend
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Figure 4: Map of linear water quality trends from GAM analysis (without flow variable)
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Email:  paul.rustomji@csiro.au
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