Tutorial Session One -- Statistics

The example session with EcoSSe which is described below is intended as an example run to
familiarise the user with the package. This documented example takes you through the following
sequence of analyses:

@ Reading in a data file

@ Summary statistics and scatterplots of the data

@ Scatterplot of the data using transforms

@ Fitting a log-normal distribution to the data

@ Re-estimating the average of the distribution and relevant confidence levels

There are many other facilities within the package, which are given as alternative options on the
menus. To start the tutorial, choose EcoSSe from your Start menu. When you run EcoSSe, a
record is kept of everything you do in that run. The default name for this file is ghost . | i s and
the default location for the file is the folder where your copy of EcoSSe is kept. The first dialog
you will see is:

File for ghosting of input and output 21
Savein: I [£5) ecosse j dm I':':F "
IﬁRelease
|ﬂ ghost.lis
File name: :|h|:|.~:t lis j Save I
Saveastype:  [List fent)files =] Cancel .

You may change the name of the file, or accept the default. Note you must type in the whole
name including extension, since no default extension is offered in this case. For example, if you
want to call your ghost file “myghost.lis” you need to type the whole name, not just “myghost”.

If you already have a file with this name, Windows will issue a warning:
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' C:\Geostokos Software\ecosse\ghost lis already exists.
Do you want to replace it?

Click on L d to specify a new name or Ll to overwrite previous copy of this

file.

Your screen should now show something like:

' EcoSSe -- Eco Spatial Statistical evaluation

Readin afile Data manipulation  Skatistics  Semi-wariograms  Krjgng  Service routines  About  Ewxit

The output above is the opening screen. To proceed to data analysis, use one of the menus at the
top of the Window.

Reading in a data file

" EcoSSe -- Eco Spatial Statistical evaluation

|Readlr|aﬁle Data manipulation  Skatistics  Semi-wariograns  Kriging Sefvice routines  About  Exit

Geostokos text daa i
Caloulated semi-variograms C3V {comma or tab delimited) text file
Grid files » GED-EAS type text file
Fault lines
Copper.dat
Gasa.txt
wheat.csv
Coosedat |
WOLFCAMP.DAT
Wirite data oub in any texk File Farmat

As you can see from the above I have elected to read in a set of sample data by clicking on the

Read in a file Sarmple data

option and selecting from the menu which appears. EcoSSe
will remember the last five data files accessed and include these in your options.

I have selected GASA. DAT for my input data file. This is a set of 27 boreholes taken from a
lease area at project (pre-feasibility) stage in the life of a typical Witwatersrand gold mine. The

sample data are real values disguised by a factor. The boreholes are averages of several
deflections --- ranging from 1 to 8 on each hole --- and are roughly a kilometre apart.
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21|
| & &k E-
= Agromet.dat: E] Gasa.txt RAINSTAT.DAT
EI BOULBY H5T geevor.dat samples.dat
Chapter2.dat m ghost.lis scallops.bin
& coal.dat Hts306.dat Scallops.dat
=) coALMINE BLN S, Initialise .exe [£] scallops. et
EI Coalmine.dat Mormal_example.dat I?:I velvetleaf.tot
Copper.dat organics.dat velvetf.dat
| COUNTY .BLN [Z] organics.txt WOLFCAMP BLN
= diowin.dat pageds.bin WOLFCAMP .DAT
EcoSse.exe pageds.dat WOLFCAMP FLT
Ej eeyore.txt page9550.bin
|'.3=_w| files.twt paged550.dat
gasa.bin Pennsylv.dat
Gasa.csv RAINSOUT.DAT
=] Gasa.dat Rainstat.bin
File name: IGasa.dat j Open
Files of type: I,ﬂnyfile | Cancel L
i

Even if you select a file from the list of previously analysed data files, EcoSSe will ask you to
confirm your choice. This is actually a quick way of getting back to your working directory,
since you can change your choice at this point. Be warned, though, that if you change which file
you want to read it must be the same type of file — that is, if you are reading a standard
Geostokos data file, you cannot change your mind at this point and read in a CSV type file.

Reading in a data set |

Feading: I

[1ata file input haz been completed. Chooze a menu option above to continue

Title for data set: I

Murnber of zamples: I 27

Test zet of deflection data for GASA meeting

Murnber af measurennents: I 5

Sample ident. | zonedarea code E azting Marthing “wfidth of reef [ Grade [gt) Mao. of deflecti...
DOH1 1 211580, FEITO0. 384 E.44 1.
DOH2 1 20870, 7380, E5.2 2.5E 1.
DOH3 1 20510 8510, A0 28.59 1.
DOHS 1 13830, 8430, 274 1.97 1.
DOHE 1 2070, #3530, 255 2.65 1.
DOHT 1 13880, FEZ50. 307 951 1.
DDOHE 1 18610, 73540, 439 1.52 1.
DOHS 1 21620, FE920. 169.65 2.04 2
DDH10 1 21080, F7an. 929 13.58 2
DOHT1 1 13230, 7040, 5285 473 2
Kl =
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For this example, we will stick with GASA. As your data is read in, it is stored on a working
binary file. A progress bar will indicate how far the process has gone. When data input is
complete, your Window should look like the table above.

The layout of data files is described in detail in the main EcoSSe documentation. The routine

which has been used shows the first 10 lines of your data file so that you can check it is going in
OK.

The routine also checks whether we actually had the correct number of samples on the file and
informs you if there is any discrepancy. Notice the warning message. In the GASA file, someone
typed '72" instead of '27' in the header line. The software checks the number of samples and
informs you if it doesn't match with the header line.

There were 72 samples on this file,
! (according to your header card).
This routine found (and will use} 27

Scattergram or scatterplot

When the data has been read in you will see that the previously "greyed out" or inaccessible
options on the main window toolbar will become activated. You can now select an option. Let us

decide upon a statistical analysis. To do this, click on the #2tion | Statistics L option on the main
toolbar.

..;_=._:;: m———— —= o
Readin a file Data manipulation | Statistics  Semi-variograms  Kriging Service routines  About  Exit

Scattergrams

Fit Mormal and lognarmal distributions
Fit three parameter lognormals
Calculate Sichel's t estimator

Reading ina data set [
Principal components analysis

Feading: I | Simulate data values Ienu option above to continue

Scattergrams

If you choose the option, you will display and summarize the data set and will
enable you to get an idea of what the data set looks like in a simpler form than the full numerical
listing.

The screen will switch to a dialog which will prompt you to choose the two variables for the axes
of your graph.

The active screen in the top left hand corner contains the variables available for analysis in your
data file. The bottom right box shows the variables already chosen (which at this point is none).
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Eco55e -- Eco Spahtial Statistical evaluation

=

# [eaztwest] co-ordinate

This screen provides you with a lot of information. The bottom of the Window contains a "status
bar" which shows the name of the current data file and the title read from that file. Above this
"status bar" is a box containing the title of your data set as read from the first line of your input
data file.

Chooszing variables

. [east/west] co-ordinate

Chooze transformation for vanable
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The dialog box shows you that you are expected to select variables to
be the X co-ordinate and the Y co-ordinate for your scattergram. The upper left dialog box

lists the variable names as they appeared in the data file, and is prompting you
to choose the variable which will be the X co-ordinate on the graph. For this example, let us
choose Easting for the X co-ordinate. You need to check the box next to the Easting option.

Upon selecting the Easting option, a new dialog box will appear asking you whether you wish to
transform the variables to logarithms or rank transforms. In this case we do not wish to transform

so we click on Lt
co-ordinate:

1. The dialog disappears and you will be asked for the Y

Eco55e -- Eco Spatial Statistical evaluation

Mo menu selectionsz curently available

Chooszing vanables %] |

Pleaze indicate which wanable is:

IY [narth/zauth] co-ordinate

Change all zelectionz

E asting p:l

Marthing I

idth of reef [cms] |

Grade [g/t)] | Choose ransformation for vanable |

Ho. of deflections I take natural logarithnms "additive constant I 0.0
iz atar Il:uh:uff value I

rank. [unifarm) transform |

simpleifean arehanm arigiry zhift 0.0

zale by 1.0

MONE | (i |

Em_

I selected the Northing option by clicking its check box. The transformation dialog again
appeared, from which choose not to transform the variable by clicking on

The lower dialog moves up to the top left and displays your current working variables. The

et | - s |

simply click on the

| button and you will be returned to the original dialogs.

Clicking will show you your scattergram. The scattergram is scaled to fit the whole of
the display box or area.
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Eco55e -- Eco Spatial Statistical evaluation !EIE

Feadin afile Data manipulation  Statistice  Semi-vanograms  Kriging  Service routines  About Exit
1
A 4
H —
Current Analyziz o 80530 *
Scattergram dizplay . e
et e wREer shEi E
1 ¥ ¥ ¥
n
g 79470 7
W alue ;" " .
Summary Stats. | ¥
fwerage of Kz |20213.334 »
Standard Devw.  |1955.7462 * *
FraT3.335
Awerage of 'z 000 -
Standard Dey.  |1927.17E3 ¥
- * *
Comelation 357 06738 ¥ X
Murber of data |27 .
s *
Teill T
¥ s ¥
¥ *
0307 1T70e 1436 19172 19906 20640 21374 22108 22842 239E
Easting
|Test zet of deflection data for GASA meeting | |3: C:\Geostokoz Softwaredata_sets\Gaza.dat

Please note that even though you have chosen 'geographical' variables, the scale chosen is for the
maximum display size. If you want points plotted on a 'geographical' scale (same for both axes)
you must use the post-plotting routine which is available elsewhere in EcoSSe.

In the left-hand box of the graphical display, you will see the summary statistics for both
variables plus the product moment correlation coefficient and the number of samples for which
both variables were available.

When the graph is completed, you can select a new option from the main toolbar. You may wish

to plot another graph in which case you must click on dation FEETETEN Sen and select the

Scattergrams

option again.
Scattergram 2, using transformations

To illustrate the use of the transformations for the variables, we draw another graph showing the

Scattergrams

logarithm of the gold grade. Upon selecting the option your screen should show:
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Current working variables

name for variable variable chosen

# [eazt/west] co-ordinate| |E asting -
Accept
%" [northdzouth] co-ordinate| |Marthing

EcoSSe will remember your previous selection. Since you are redefining your variables, you

must click on 4 to redefine your variables. You will again be asked to select the X co-
ordinate and the Y co-ordinate. For the first variable we simply take logarithms. For the second
we add a constant to the variable so that the transformation actually becomes Normal (Gaussian)
- the determination of such a constant is described later in this demonstration run.

For the X co-ordinate check the corresponding box of the Width of reef (cms) option

Eco55e -- Eco Spatial Statistical evaluation !EIE

Mo menw selections curently available

Choozing variables x| |

Pleaze indicate which wariable iz

I.‘>< [eazt/west) co-ordinate

| Change all zelections I
Easting | ;I
Marthing |
fidth of reef [cms] v
Grade [g41) ol Choose transformation for variable |
Ho. of deflections [ take natural lagarithms "additive constant I n.
iticaten rarehonm Il:uh:uff walue I

rank, [unifarm] transform |

simple mearn ransarm aniginy zhifk 0o

zoale by 1.0

MOME | aK | |

Em_

and then select the take natural logarithms option in the new pop up Window. Because you chose
the logarithmic transform, you are prompted for an additive constant. If such a constant is not
required - as for Width of reef (cms) simply type 0 (zero) or leave the default unchanged.

Make sure you click on il to confirm your requested transformation. Until you do so you

can still cancel the transformation by clicking on the | button.

For the Y co-ordinate we want to plot gold grades with an additive constant of 0.230. Thus,
check the corresponding Grade (g/t) option, and then select the take natural logarithms option in
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the new pop up Window. In the required box, type 0.23 as the additive constant value. Your
screen should look something like the picture on the next page.

Eco55e -- Eco Spatial Statistical evaluation

=

" [hiorthzouth] co-ordinate

I additive constant 0.230

Make sure you click on i to confirm your requested transformation. Until you do so you

can still cancel the transformation by clicking on the button.

Once both variables have been selected, you can change them or accept them as before:

Current working vanables

_ vomeforvaible || aisbechosen |

Click on -| to plot the final graph (see next page).
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Eco55e -- Eco Spatial Statistical evaluation !EIE

Feadin afile Data manipulation  Statistice  Semi-vanograms  Kriging  Service routines  About Exit
1
}E g
E_ —
Current &nalysis . <t *
Scattergram dizplay a
et e wREer shEi d
e
#*
(
T 1.8 7 *
W alue ;"-"' ¥
t *
Summary Stats. !
Average of X 3.967
Standard Dew.  [0B753 #*
fwyerage of vz [1.7634 _ *
2.2 * v ¥
Standard Dew.  [1.4234 H&e ¥ ¥
Comelation @5 [0.0004330 *
Murber of data |27 * * *
* *
* *
[ 0.6 ] *
L
0 *
g
; #
LI b
K
136 2.02° 3.38 3.06 368 4.2 452 4.64 515 5.4
Width of reef (cms) (Log)
Test zet of deflection data for GASA meeting | |3: C:\Geostokoz Softwaredata_sets\Gaza.dat

Fitting a three parameter lognormal distribution

Fit three parameter lognormalz

Click on 4ation JEIEEEN Sen 54 move mouse pointer down to
before letting go of the mouse button:

Eco55e -- Eco Spatial Statistical evaluation

Feadin afile Data manipulation m Semi-variograms  Krging  Service routines  About Exit

Scattergrams
Fit Mormal and lagharmal distributions

Fit three parameter lognormals

Calculate Sichel's b estimataor

Prinizipal compohents analysiz
Simulate data values

If you have already done some analysis in a run, EcoSSe remembers which variables you were
analysing. If not, it prompts you to specify which variable is to be studied. Since we have not yet
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specified a "measurement to be analysed" the following dialogs will appear. We want to analyse
gold grade.

Pleaze indicate which wvarable iz

Meazurement to be analyzed

Change all zelections

:I Current working varniables

E asting (ol

MHarthing I narne for variable wvariable chozen
idth of reef [cms] ' | tMeazurement to be analpzed| [Grade [g/1]

[Grade [gat] ol

Mo. of deflections (ol

Select Grade (g/t) as the measurement by clicking in the check box, then press the
button.

In this example we have less than 500 samples, so that the distribution may be fitted to all of the
original (individual) sample values. If we had more than 500 samples we would have to build a
histogram first.

The intervalz suggested below are bazed on the number of zamples,
the range of zample waluez and the assumphion of Mormality

Average of zamples;| 17,8859
Summary statiztics have been | p——
calculated for our selected Standard Deviatior: | 40.5732
variable: Murnber of samples:l 27

| Grade [g/t)

. : Click here if you do niok
Arithrnetic Mean 17.8853 want to group pour data
Standard deviation 40.5732 into histogram intervalz
Skewness 36042 “fou can change any or all of thesel
Furtoziz [Mormal=3] 17.3546 : r—

Total number of intervals: 12 A i
Coeff. of variation 2.2684 i |
WimBer ol sariples o7 |Ipper endpaint of first inkeral:
binimum «alue 013 fidth of |nter'-.fals| ﬂl
P asirnum walue 20455

Click here if pou do not
i want bo group pour data
i into higtogram intervals £

For this example, I clicked on: : | The large square dialog disappears,
leaving us with the summary statistics and a graph. The probability plot of the data is constructed
and the "best fit" lognormal distribution shown as a dotted or dashed straight line. That is, the
data values will be plotted on the "Y' (vertical) axis on a logarithmic scale. The percentage of the
samples which fall below a given value is given along the horizontal (X) scale. If the logarithmic
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values follow a Normal (Gaussian) distribution then the samples should give a more-or-less
straight line on the plot. The dashed line shows the perfect Normal distribution with the same
mean and standard deviation as the data.

" EcoSSe -- Eco Spatial Statistical evaluation = ] 3
Mo menu selections currently available
todel: I Two parameter A
736998 & Grade (gf)
Average value 146733
additive constant 0
mean of logarithms 1.8537 28.9641 +
standard dev of logs 1.5708
skewness of logs 0.0822
kurtosis of logs 3.2621 121825
number af samples 27
resid sum of sguares 0.0281
4953
i Fit three parameter lognormal ]
Root Mean Square % I 0.0000
2.0138
MHimber of teratiors I 0.0000
Exit modeling |
0.8187
0.3329
0.1353 T % 1 T T T T T T T T T ]
05 2 5 10 20 30 50 70 80 a0 95 98 995
Percentage below Y value
|Test set of deflection data for GASA meeting | | Current data file: C:\EcoS5e CD\fles\Gasa.dat

If the logarithm of the values is Normal, we say that the values themselves are "lognormal". The
gold grade values in this data set do not follow a simple lognormal distribution. The lowest value
sample lies way below the perfect line. If we use standard lognormal calculations on this data,
we will over-estimate the average value of gold in this deposit. Sichel and Krige in the 1950's
discovered that such data could be transformed to Normal by adding a constant value before
taking logarithms. This 'additive constant' is sometimes referred to as a "third parameter" and the
resulting distribution is known as the "three parameter lognormal".

EcoSSe will find the additive constant which most nearly straightens out the line, if requested to

do so. Click on the i.iIes BarEmeter lognomal " bar. If the line was already pretty straight or the
curve flattened rather than dropping, a three parameter fit would be inappropriate. In such a case

click on |_E¥tM%ENG | ¢ return to the main menus. The software will try many different

additive constants to determine the one which produces the 'straightest' line. When this process is
finished, it will again display the probability plot and the straight line which represents the three
parameter lognormal. The parameters of the distribution are displayed in the left hand
(information/option) box.
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" EcoSSe -- Eco Spatial Statistical evaluation =101 ]

Readin a file Data manipulation Statistics Semi-variograms  Kriging  Service routines  About  Exit

Model m 4 :
698765 5 Grade (gd)

Average value 12,8869

additive constant 0.2289

mean of logarithms 1.763 37 8866

standard dev of logs 1.4233

skewness of logs 0.4463

kurtogis of logs 2089 15.4128

riurnber of samples 27

resid sum of squares 0.0178

71602 o

Fit:three parameter lagrarmal I

Root Mean Square % I 39565
3.2615
Murnber of iterations I 52

Exit: modeling |
1.4199

05499 -
0.139 T T T T T T T T T T T ]
05 2 5 10 20 30 50 70 80 a0 95 98 995
Percentage below Y value
|Test set of deflection data for GASA meeting | | Current data file: C:\EcoS5e CD\fles\Gasa.dat

The "Mean value" listed above is the graphical estimate for the mean of the distribution from
which the samples were taken. In plainer terms, an estimate of the average grade in grams per
ton of the sampled area. Similarly, the logarithmic variance is a graphical estimate --- this time
of the variance of the logarithms of the sample values plus the additive constant. The Additive
Constant is also given. Skewness and kurtosis have been calculated for the new fit. In an ideal
logarithmic Normal, skewness would be zero and kurtosis 3.

In addition to these basic parameters, the "Residual Mean Square" has been listed. This value of
3.96 may be thought of as a typical percentage difference between the sample values and the
final lognormal distribution model. This is an intuitive "goodness of fit" statistic which may be
used in conjunction with graphical methods of model fitting such as that carried out by this

routine. If a histogram had been built, you would also have seen a % goodness of fit statistic

which could be compared to standard statistical tables. You may note that the software tried 52
additive constants before choosing this one.

Best estimate for lognormal mean

We used the three parameter lognormal option to find out whether a three parameter lognormal
model was appropriate for our data. During that analysis, we produced the additive constant
which best fitted the data. We also produced graphical estimates for the average grade and the
logarithmic variance. These estimates gave us a pleasing straight line fit on a sheet of probability
paper. However, they are not the "best" estimates for these quantities. Once we have chosen the
third parameter --- the additive constant --- we can use Sichel's classical maximum likelihood
methods to produce the "best" estimate of the average grade of the distribution. Even better, we
can ask for confidence limits on this estimate to get an idea of just how reliable it might be.

Tutorial Session One -- Statistics 13

PDF created with FinePrint pdfFactory trial version http://www.fineprint.com



http://www.fineprint.com

Eco55e -- Eco Spatial Statistical evaluation

Calculate Sichel's b es

The software remembers the variables we are analysing and suggests:

Current working variables

_ romeforvaible || varisblechosen |

Clicking on the i button results in the following dialog:

Sichel's t estimation for the average of a lognormal diztribution

Test zet of deflection data for GASA meeting
o5 o7

-

[}
U]

R

GOk
QLo
GBO

Note that the additive constant box is highlighted so that you can change from the default value
if you wish. You may specify up to twenty levels of confidence for the estimate by entering
percentages into the first column in the grid. Scroll down if you have too many to be shown all at
once.
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Sichel's t estimation for the average of a lognormal diztribution

Test zet of deflection data for GASA meeting

Grads [g/1)
[

[}
U]

%
S
K

5%
%
G

4
%

The choices above will provide lower 95% and 90% confidence levels plus the upper 90% and
95% levels. If we desired (say) a central 90% interval, we would use the 5% and 95% levels.

Pressing the button will allow the software to carry out the calculation of Sichel's t
estimator and any requested confidence levels:

Sichel’s t estimation for the average of a lognormal distribution

Test zet of deflection data for GASA meeting

[arade [g/]

14,8582

You do not need to confine yourself to the traditional levels of risk. Note the 2.735% level for a
lower 97.265% confidence limit.

All relevant information on the existini sample set is present on the dialog. This means that you

can copy the dialog with -
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(notably Windows NT) require pressing | Ctr |+| PrtSc | The text information is also copied to
the GHOST.LI Sfile.

Clicking on the | button will pass you back to the main menu. To finish this run of the

program, select:

Eco55e -- Eco Spatial Statistical evaluation =) =]

Readinafile Data manipulation  Statisticz  Semivanogramz  Knging Service routines Abaout

Clicking on this menu item or on will end your run with the software. You will see the
closing down dialog box:

Closing down |

Thiz run took 15,32 seconds.
Femember to print out your GHOST LIS file
az a permanent record of this analyzis.

The above Tutorial session should serve only to illustrate a possible use of the various routines
from EcoSSe. Try running the program again, choosing your own responses. try looking at reef
width instead of grade. This variable has a standard two parameter lognormal distribution. Try
reading in one of the other data files which are provided, say, sanpl es. dat .

General Notes

There are a few points which you may have noted in following the Tutorial session above. Most
of the routines communicate between themselves, without you having to worry about getting the
right information from one to the other. For example, after you read in the complete contents of
the data file, the routines ask which of the variables you actually want to analysis. This
information is then stored internally and may be accessed by any of the other routines. When we
went from plotting graphs of one variable against another to fitting a lognormal distribution, the
routines knew that you had selected some variables, but that these were inappropriate for the new
analysis. On the other hand, going from fitting the lognormal to recalculating the average using
Sichel's methods, the routine suggested that you could continue to use the same choice of
variables. This is a feature of most of EcoSSe, in that it will recall what you chose previously
and ask whether this is to change or not.

EcoSSe does not distinguish between upper and lower case letters, so you may type in whatever
you find most pleasing. When the program requires a numerical answer, your input will be
checked to make sure that it is actually a number. If you type in any illegal characters and press ,
the checking routine will filter out the unacceptable characters which you type. It should be
noted that, if the routine is expecting a whole number then a decimal point is unacceptable.
Much of the numerical input is checked for valid values.
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A copy of this run should have been made on a file called GHOST. LI Sunless you changed the
name at the beginning of the run. Send this file to your printer if you want a record of the
analysis or look at it with Wordpad or Notepad.

EcoSSe — like any computer software — is not completely error-free. Neither is it fool-proof.

You can always get out of the software by pressing the | cul | | Al | and| DEl | keys at the same
time. This will invoke the 'End Task' facility to close the Window without damaging the rest of
your system. If you cannot figure out what went wrong, note down as much information as you
can about the program you were running, the data you were using and exactly where it broke
down. Contact your supplier locally or Geostokos direct for assistance. Send us the ghost . | i s
file and (if you can) the data you were analysing at the time.
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