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1. Background & Problem



1. Background & Problem

northing [m]

Background: the assessment of soil pollution is a task that environmental
scientists and engineers may face in their daily work. An important part of
such an assessment is the spatial delineation of the polluted zone.
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(1) source: http://lwww.so.ch/fileadmin/internet/bjd/bumaa/pdf/boden/245 _mb_02.pdf



1. Background & Problem

Problem: courses in geostatistics are part of the education of environmental
scientists and engineers. But geostatistics is rather difficult to teach. Apart
from the mathematics, the lack of powerful, flexible, but easy-to-use software

Increases the difficulties.

= often too difficult



2. What Is SimSurvey?



2. What i1s SimSurvey?

SimSurvey is a graphical user interface with R. It can be used for (geo-)
statistical analyses and teaching. The user interacts with R, running on a
web server, using a menu in a browser window.

¥ simProto - Mozilla Firefox =lEl x|

Datei  Bearbeiten  Ansicht  Chromik  Lesezeichen  Extras  Hilfe

<E| - - @ ﬁ_l‘ |35 http: ffboimen. ethz, chfrssimsuryey simsurvey simProko, html |'| ﬁ] "‘Google |\\] @ -

[ClGooge  ETH-mMail Bif sPEGEL (% YouTube [ chordie W wikipedia T LE0 A Simsurvey R Rositesearch B mok [ DK _Seripts

Username:

derno

Password:

ok ok

SURVEY

Geostatistical analysis on the web

home |» Welcome to SimSurvey

SimSurvey is an interactive web tool that aims to improve the understanding

project . ool that
of geostatistical methods by praviding a simple, self-explanatory graphical
team  user interface for some geostatistical functions of the powerful software
environment R far statistical computing and graphics. SimSurvey was created
contact in 2005 and 2006 at the Institute of Terrestrial Ecosysterns, ETH Zurich,

Switzerland,
registration
Demo of SimSurvey:

Username: "dema”
Password: "dermao”
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2. What is SIMSURVEY?

SimSurvey allows the user to test sampling strategies using a virtual
sampling environment and simulated data.

User: newuser Project: project_001 Session: session_ 001
SURVEY - - — -
|| Ciata | Graphics Regrassion Geostatistic R-cansole Wiiind ows Help

Import data
Take samples

Wiew data
Project resources W Take data samples x
J Edit data ’ P (%]
Buy new resources Export data
Delete session items Select target
Save session as... wariables:
Med
Help #cu
Quit session WV developed
Vfarest
Mageology
Sampling:
START

Orthophoto : SWISSIMAGE (c) 2006, swissimage (DV033492.2)



3. Used Software



SimSurvey is installed on a Linux-Server and runs in a browser window.

The following software is used to run SimSurvey:

 Linux (operating system)

» Apache (web-server)

» Macromedia Flash Player (visualisation)

« MySQL (database to block ‘dangerous’ commands in the R-console)
* PHP (interface between Flash, R and MySQL)

» R (statistics, text-output, graphics-output)



4. The GUI



At the heart of SimSurvey‘s GUI is a statistics menu.

Session Data Graphics Fegression Geo-statistics F-console Help

Scatterplaot 3
Scatterplot-matrix
Boxplot Histogram
Histogram Specify variable:
Mormal G--plot £y v
3D-scatterplot Specify number of classes (optional):
Hyz-plot 20 |
Bubble-plot
_ Bar color:
Wieny map blue .
Label x-axis {optional): Label yv-axis {optional):
||:1.1 ||Frequenu:5.r

Plot title {aptional):
|Histn,u_;ram (o) |

Graphic name:
|histogram 001 |

] 4



The statistics menu and dialog boxes are created by Flash using an XML-file.

Histogram

Specify variahle@

@

cu w

Specify number of classes (optionall:

20
: Bar color:
blue L
Label x-axis {optional): Label yv-axis {optional):
o Frequency

Plot title {optional):
Histograrn (o)

Graphic name:
histogram (001

@

)4

Dialog box items:

@ label

® dropdown list
@ textbox

@ button



In the XML-code of the dialog box, each item/variable has a specific value.

Bar color: XML-code
blue L
" <outputField column="left" text="Bar color:"
gresn name="hisTxt003"/>
yellow | <dropDown column="left" name="hisDdmCol">
<dropDownltem text="gray" value="gray"/>
blue <dropDownltem text="green" value="green"/>
red <dropDownltem text="yellow" value="yellow"/>
| <dropDownltem text="blue" value="blue"/>
wheat d <dropDownlitem text="red" value="red"/>
<dropDownlitem text="wheat" value="wheat"/>
</dropDown>

Flash passes the (user-defined) values of the different variables to PHP.



PHP takes the value of the Flash-variable and assigns it to a PHP-variable.

if (5_REQUEST["hisDdmV01"]) //graphics, histogram PHP-code
{

$ausdruck=$_REQUEST["hisTinGrn"]; //title

if ({$ausdruck)

{

$ausdruck="tmp";

}

$variable1l=$ REQUEST["hisDdmV01"]; //variable
$eigenschaften1=$ REQUEST["hisTinCla"]; //number of classes
$eigenschaften2=$_REQUEST["hisDdmCol"]; //barcolor
$eigenschaften3=$ _REQUEST["histTinXax"]; //label x
$eigenschaften4=$ REQUEST["histTinYax"]; //label y
$eigenschaften5=$%_REQUEST["hisTinTit"]; //plot titel
$arbeitsverzeichnis=$projektpfad;
$maske="$pfad/include/graphics/histogram.R";

if (ffile_exists("$projektpfad/$ausdruck/"))

{

mkdir("$projektpfad/$ausdruck/”, 0777);

chmod ("$projektpfad/$ausdruck/”, 0777);

}

$grafikverzeichnis=$ausdruck;

}

$eigenschaften2=$ REQUEST["hisDdmCol"]; //barcolor «——



4. The GUI

The PHP-variable is part of an R-script containing ‘dynamic’ script parts.

setwd("**Arbeitsverzeichnis**/")

load(".RData")

library(grDevices)

user.workspace <- "**Arbeitsverzeichnis**"

HHEHIHEHEHEHEHEHEE dynamic part 1 #HHEHEHIHEHIHEHEHEHEHEHEHERERHR R Start
graphic.name <- "*Ausdruck**"

ITRTETRTRTTRTRTRTRTRTRTRTRTRTRTRTNT] TN TR TR T R TR TR TR TR TR TR TR TR TR RN TR TN TN TN TN TN TN IR TN TN TN T NI NI TR oT]

HEHIH A dynamic part 1 #HHHH I HE A A A end

path.to.new.workspace <- paste(c(user.workspace, "/*, graphic.name), collapse="")
setwd(path.to.new.workspace)
load(paste(c(user.workspace, "/, ".RData"), collapse=""))

HHEHIHEHEHEHEHEHEE dynamic part 2 #HEHEHEHIHEHIHEHEHEHEHEHEEHEHHR R Start

R-code

sel.var <- "**variable1**"
number.classes <- **eigenschaften1**
bar.color <- "**ejgenschaften2**"
label.xaxis <- "**ejgenschaften3**"
label.yaxis <- "**ejgenschaften4**"
plot.title <- "**gigenschaften5**"

HHEHIHEHEHEHEHEHEE dynamic part 2 #HHEHEHIHIHIHIHEHEHEHEHERHR A end

if(number.classes == ") {
hist(dat[[sel.var]], nclass=nrow(dat[[sel.var]])/10, col=bar.color,
xlab=label.xaxis, ylab=label.yaxis, main= plot.title, cex.main=1)

}

if(number.classes !=""){

hist(dat[[sel.var]], nclass=number.classes, col=bar.color,
xlab=label.xaxis, ylab=label.yaxis , main= plot.title, cex.main=1)

}

save(list = Is(all=TRUE), file = ".RData")
setwd(user.workspace)
quit(save = "yes",status=0,runLast = FALSE)

» pbar.color <-"**eigenschaften2**"



4. The GUI

PHP translates the ‘dynamic’ R-script into a ‘standard’ R-script and runs it.

setwd("/home/mariog/public_html/simsurvey/tmp/ruedi/dornach_project/dornach/")

load(".RData")
library(grDevices)
user.workspace <- "/home/mariog/public_html/simsurvey/tmp/ruedi/dornach_project/dornach"

TR TRTRTRTRTRTRTRTRTRTRTRT]

HEHEH A dynamic part 1 #H#HHH I A Start

graphic.name <- "histogram_001"
BT dynamic part 1 #afHHH i HHHHHE R end

path.to.new.workspace <- paste(c(user.workspace, "/", graphic.name), collapse="")
setwd(path.to.new.workspace)
load(paste(c(user.workspace, "/", ".RData"), collapse=""))

ITNTETRTTTRTRTRTRTRTRTRTRTRTRTRTRT]

HEHEH A dynamic part 2 #HHHH I A Start

R-code

sel.var <-"var4"
number.classes <-20

bar.color <-"blue"
label.xaxis <-"cu"

label.yaxis <- "Frequency"
plot.title <- "Histogram (cu)"

ITRTETRTRTTRTRTRTRTRTRTRTRTRIRTRTRT] TN TR TR T TR TR TR TR TR TR TR TR TR TR TR TR TR TN TN TN TN TN TN TN TN TN TN NI TN N T TR oT]

HEHIH A dynamic part 2 #HHHH I HE A end

if(number.classes == ")}
hist(dat[[sel.var]], nclass=nrow(dat[[sel.var]])/10, col=bar.color, xlab=label.xaxis, ylab=label.yaxis, main= plot.title, cex.main=1)

if(number.classes != "){
hist(dat[[sel.var]], nclass=number.classes, col=bar.color, xlab=label.xaxis, ylab=label.yaxis , main= plot.title, cex.main=1)

save(list = Is(all=TRUE), file = ".RData")

» bar.color <-"blue"

setwd(user.workspace)
quit(save = "yes",status=0,runLast = FALSE)

» col=bar.color



4. The GUI

Flash is used to visualize the R-graphic in a browser window.

Session Data Graphics Fegression iZeo-statistics F-console Help

Histogram image 1

Hivtogrem {zu}




5. Example analysis



5. Example analysis

Geostatistical analysis using topsoil samples from an area surrounding a
metal smelter in the municipality of Dornach (Switzerland).

Objective: delineate those
areas, where the copper
content exceeds guide,
trigger, and cleanup values of
the ordinance.

@ location metal smelter
O topsoil samples (simulated data)

Orthophoto : SWISSIMAGE (c) 2006, swissimage (DV033492.2)



5. Example analysis: create your account & log in

l simProto - Mozilla Firefox

Datei Eearbeiten  Ansicht  Chronik.  Lesezeichen  Extras  Hilfe

¢ - ._', - @ (% | ﬁ |ﬂ htkp: ffbalmen, ethz, ch)~simsureey simsurey | simPrata, bl

fift ETHZ % ETH-LLE #f Blackboard LEC Google E58 ETH - Journals [ arcGIS 9.2 Help R R site search [ch] Telefanbuch Schwei

Username:

Password:

[ —

SURVEY e

Geostatistical analysis on the web

or free use of SimSurvey, create your own account,
ome For f f 5ims t t
Choose username, password and press Ok |
project
beam Username: |newuser |
contact Password: |******* |

registration |» | OK -|




5. Example analysis: create new project and session

SURVEY User: newuser Project: project_001 Sesgion:
Project resources  ®
Buy new resources
Start session ¥ Create new session
Delete session Load existing session
Help
Guit project Create new session E

Please specify a session (i.e. session_1) and press Ok

|sessi|:|n_IIIIIIl| |

o< ]




5. Example analysis: import soil sample data

User: newusear Project: project_001 Sescion: session_ 001
SURVEY
| Data Graphics Regression Geostatistic R-console Windows Help
mport data
Take samples
Wiews data
Project resources P .
Edit data k
Buy newwy resources Export data
Delete session items
Import data from weh-server |E|

Save SeSsion as.. _ .
File location on web-server (URL):

e ||‘|1.'|:|:I:.-"'.-"'|:II:I|I'I'IE-'I'|.E-'ch.l3|'l.-""“*-'5iI'I'ISLIFVE-'Y.-"ISiI'I'ISI.Ir"-.-'E!Y.-'"dEIr'I'I-EIDh_dEl

Quit session
Specify separator:

'
»

Include Header?

YET A

ook




5. Example analysis: if necessary, manipulate data

User: newuser

Project: project_001

Session: session 001

SURVEY
Data | Graphics Regression Geostatistic R-consale Windows Help
Irmport data
Take samples
Project resources W WE_W data
Edit data Create or transfarm variahle
Buy new resources Export data Rename variahle
Delete session items Femove variable
T T e Corvert numeric to factar ¥ Cutvariahble into classes
Standardize variable Label classes
gk Femove MA's
Quit session Create subset
View data (x|
A B C D E F G H I J K |
1 s W dist azimuth project developed | forest geology cd cu |
2 6135242 | 2588945 |7E1.48 668 k" "ol 964" "n" "other" 0.949 324
3 6132742 | 2587685 |482.83 68.74 k" "1 945" "n" "other" 216 1692
4 614074.2 | 2591445 | 136565 G624 k" "no" "n" "other" 1.4 427
5 6132492 | 2581195 |B37.38 13818 k" "no" "n" "other" 1.87 1126
6 G12874.2 | 2583445 | 254495 168,69 k" "d1arT "n" "other" 2.24 1840.5
7 6126492 | 2585445 | 274 270 k" "d19ygE" "n" "other" 1.24 46,5
8 6126742 | 2687145 | 2773 2948 64 k" "d19yn "n" "other" 0.549 3794
g 6126742 | 2588195 |336.34 311.99 k" "ol 964" "n" "other" 093 2868
10 6126442 | 2589445 | 39347 33278 k" "d19yn "n" "other" 0.81 2811
11 A12424.2 | 2685195 | 406487 25938 "R "d1aaa" """ "other! n.ra a7
12 6122492 | 2588445 |B2T 2934 k" "no" "n" "other" 0.46 40
'1_?: 6123242 | 2591185 |724 316.4 k" "no" "n" "other" 0.54 1IZIB_BI_J_'7
4 3




5. Example analysis: graphically examine data

User: newuser

Project: project_001

Session: session_ 001

SURVEY

Data | Graphics | Regression

Geostatistic

R-console

Windowes Help

Projectresources P
Buy new resources
Delete session items
Save session as..
Help

Quit session

undefined image 5

80 100
I I

60
1

Frequency

Scatterplot ]
Scatterplot-matrix
Boxplot

Histogram

maormal Gia-plat
A0-scatterplot
Wyz-plot

Bubble-plot

Wiew map

Graphic settings

Bubble-plot image 3
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5. Example analysis : employ regression (Im, Igs, or rim)

SURVEY

User: newuser

Project: project_001

Session:

session_001

Data

Graphics

Regression

Geostatistic

R-console

Windows

Help

Project resources W

Buy new resources
Delete session iterms
Save session as..
Help

Qlit session

Linear regression »
Anava »
Residual diagnostic »

Fitlinear regression model
Fit linear model via forward selection
Fit linear model via hackward selaction

wariable:

_x
¥

Server output message

Ordinary least square regression (using

Hodel:

Formuala:

“lwm')

wodel 001

loglicu ~ loglOdist

Estimated coefficients:

Summary diagnostics of regression residuals image 1

Frequency
10 20 30

1]

Hiztogram

—r 1 T 1 1711

4

= 01 2 3

Sdandardized residuals

Mormal QG-plot

2

B

Sample Cuantiles

-4 20

T T
-2 -1 0o | 2

Theorelical Quaniles

ScaleLocation—Plot

2.0

0.
L

aqrtfabs|Standardized residuals]|
1.0

Standardized residuals

Standardzed residualzs

Standardized residualz

Boxplot

v
o -

)
E ——
il —-
b .

Tukey—Anscombe—Plot

£y
l% ]

?o
o

-4 -2 0

T T T T
1.5 2.0 25 a0
Fitl=d valuzz

Raszidualz vz Loverage

-4 -2 0 2

0,005

2

—TTTT

Q3 0025 0035
Leverage

Eztimate Std. Error € walue Prix|t|)
|T| 6. 5846 0.2Z66 29.0645 0
— -l.5&40 0.0%16e -19_1678 u]

eedom: 158

FE7.41

4_E0le-43
uals:
u. Median Mean 3rd Qu. Max.
2z -0.0120 0.0000 0Q.19Z0 0.7749
dard errars: 0_Z59Z

Linear regression

Specify (one) target

x

Specify (one or rore)
independent variable(s):

O
O

I i

Fd
¥
dist
azimuth
project
developed
forest
gealogy
cd
=T
logi0dist
logl0cu

r target wariable:

-

d:

]

_rlm rmethod M
_rlm rethod MM



5. Example analysis: fit variogram model(s)

User: newuser

Project; project_001

Session: session 001

SURVEY - - — -
Data Graphics Regression Geostatistic F-consale Windows Help
Autocorrelation » Sample variogram
Kriging *  “Variogram model{s)
Project resources P
Buy new resources
Delete session items Server output message [ %]
Save sessionas.. | TTTTTTTTTTomooTooooooooomooooomooooooes [+
Fitted parameters: wgm 001
Help = e
; ; Exponential model
Quit session nuggets 0.0236
psill= 0.0632
range= 13Z.477
28Err= 7.99405%=-0&
Spherical model
nugget= 0. 023
psill= 0.06Z6
Variogram model{s) image 1 |T| e
o ‘e Exponential
- ;
P * . —— Spherical -0s
- o b | |
* " Mat
© . . o0 atern
C:‘l - . -
=] L
- = - - .
@ [ ]
E © .
2 9 4 = -oe
s o | o ...
: . -
L
E =
o o -
9 g
]
C:‘- -
(=]
[=]
D‘ -
= I T T Ll 1
0 500 1000 1500 2000

distance (m)

Variogram maodel{s) | x
Select sample wariogram:

sarmp_variog v

Covariance function{s):
WV Exponential

V| spherical

V| Gaussian

v Matern

Start walues for nugget, range and partial sill:

Mugget: Range:

o |[250 |
Fartial sill: Kappa (for Matern model):
o208 |05 |

Anisotropy parameters (for directional wariograms only):

Main axis direction: Anisotrapy ratio:

Graphic title {optional):

Save variogram model as;

|vgm_ElI31 |

( oK | [ Help?



5. Example analysis: predict values at unobserved sites

User: newuser Project: project_001 Session: session 001

SURVEY
Data Graphics Redgression Geostatistic R-consale Wind owes Help

Autocorrelation
Kriging r Maps »
» Fredictions
Cross-validation

Froject resources

Buy new resources

Delete session iterns Kriging predictions x HKriging predictions image 1
Save sescion as. Specify x- and y- coordinates and wariable:
Hel w-coordinate: y-coordinate:
p — Go to Geostatik — Kriging — Maps, to plot Kriging—predictions!
Glit session " E— ! E—
Wariable:
lagidcu v

Spatial trend {optional):
log1oisgrt({x-612800)~2 + (y-257600)~2}) |

“ariogram model:

|vgm(nugget=ﬂ, range=132, psill=0.069, model="Exp") |

Define grid of prediction points:
EITHER use default grid |

QR enter coordinates:

x-coordinate (from, to, by): | |

y-coordinate (from, to, by): | |

OR read grid and further data from file (URL):

Save kriging predictions as:

|kriging_pred |

( (a3 | [ Help |



5. Example analysis: visualize model predictions

User: newuser

(=]

Project: project_001 Session: session_001 set exists
SURVEY
Data Graphics Regression Geostatistic R-consale Windows Help

Autocorrelation
Kriging P Maps b Levelplot Kriging 3D-plot

Project resources P F'redlctlnn.s - Cantourplat Select kriging predictions:

Cross-validation aD-plat kriging_pred -

Buy new resources —

Delete session items Kriging levelplot image 1 |E| Select calor:

Save session as. Kriging predictions v J|white M

Help

Zuit session

Label yv-axis (optianal):
HKriging contourplot image 2

[x] |
Kriging predictions L
Kriging 3D-plot image 3

' i vertic, angle {default 300
I |[20 |

Plot title {optional):

Kriging predictions

K -3

]

]

( Help?

1 1
13500 614000
|

3.0

oo LB spomoipesd fulbliy

X—coord

2.0 25 3.0 35
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Many thanks for your attention!

Visit SimSurvey on:

http://bolmen.ethz.ch/~simsurvey/simsurvey/simProto.html

Contact:
Andreas Papritz: andreas.papritz@env.ethz.ch

Mario Gellrich: mario.gellrich@env.ethz.ch

Eidgendssische Technische Hochschule Ziirich —Q» IT E S ) SU RVEY
Swiss Federal Institute of Technology Zurich Institu estrial Ecosystems nalysis on the web




