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1 Background

This report summarizes the prediction of areasat risk of shallow ground water tables for the
agricultural region depicted in �gur e 1. The prediction is basedon hydr ologists expert opin-
ion of areasat risk of salinity for sample areas. The extrapolation is achieved by modelling
proceduresusing DEM-derived variables and Landsat derived land cover variables.

This region hasbeenprocessedasa unit to take into account certain featuresof the south-
ern coastal landscape. Thesefeaturesnecessitateda dif ferent processingmethodology to the
previously processedareas.This is discussedin section 5.

The aims of this report are to describe the current prediction maps and their accuracy
and limitations. The data is provided on the accompanying data CD. Appendix A describes
the format of the data.

2 The Study Area

The region considered is shown in �gur e 1. It includes areascovered by the following Land-
sat TM scenes

� Newdegate path 110,row 83

� Bremer Bay path 110,row 84

� Dumbleyung path 111, row 83

� Mt Barker path 111, row 84

� Pemberton path 112,row 84

and lies between Latitudes 33:30and 35 degreesSouth and Longitudes 116:30and 120 de-
greesEast.

Regions north and east of the study area have been processedand reported separately.
The National ResourcesAssessmentGroup (NRAG) soil-landscape system zoneshave been
used asthe basisfor the strati�cation used in the data processing.The southern coastalplain
has been excluded from the processedarea as the salinity risk is regarded as low for this
unit, and training data were not available.

3 The Data

The data used in producing the risk map include information provided by AgWA hydr ol-
ogists, data derived from LandMonitor digital elevation models and a LandMonitor bush
mask.

3.1 Ground-T ruth Data

The ground truth consistsof:

� hand-drawn regions on a false-color composite images showing the predicted extent
of “at risk” areas;
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� hand-drawn regions showing areasat risk and not at risk, but not showing the bound-
ary of the at risk area;

� comments on risk maps (seethe section on processinghistory).

Initial ground truth was provided for:

� the Kent catchment; and

� the South Stirlings

by Ruhi Ferdowsian, Department of Agricultur e, Albany District Of�ce.
The maps were produced using the initial ground truth and then modi�ed in the light

of comments from the hydr ologists. The �nal maps are those that met the hydr ologists
approval.

Figure 1: The extent of the study area is shown in black. The study area comprises several
zones from the National ResourcesAssessmentGroup map of soil-landscape systems. The
coastalplain is excluded from the study. The areaspredicted to be at risk of shallow ground
water are shown in blue.

3.2 DEM data and derived variables

A DEM was formed by smoothing (Caccetta, 1999) the LandMonitor DEM and then re-
sampling the smoothed DEM (10m pixel size) to 25m. The smoothing was necessary to
remove small discontinuities which adversely affected the derived variables. The resam-
pling matched the resolution of the DEM to that of the other LandMonitor products, which
are derived from Landsat TM data. From the DEM a number of variables were derived,
including:

� FlSlope – slope in the dir ection of �ow;

� plan – plan curvatur e;
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� profile – pro�le curvatur e;

� tangent – tangent curvatur e;

� AvHgt – averageupslope elevation;

� AvPlan – averageupslope plan curvatur e;

� AvProf – averageupslope pro�le curvatur e;

� ave tangent – averageupslope tangent curvatur e;

� ave FlSlope – averageupslope slope;

� wa – upslope area;

� UpClr – up-slope areacleared.

Thesevariables are described in Caccetta(1999).

4 Shallow Ground Water Prediction Methodology for areas with
surface �ow

The stepsused for predicting areasat risk of shallow ground water are listed below.

1. Digitize the ground data, provided by the hydr ologist, indicating areas to be “at
risk/not at risk”.

2. Stratify the terrain – this was done using the National ResourcesAssessmentGroup
map of soil-landscape systems.

3. Using the LandMonitor DEM derive landform variables as described in Caccetta
(1999).

4. Predict which �ow paths are at risk. This involves:

� extracting the �ow paths from the DEM;

� using the digitized ground data and the derived variables to produce a decision
treefor eachzone. The decision treeproducesan “at risk/not at risk” map show-
ing which �ow paths are predicted to be at risk of becoming saline;

� the decision treecanthen beapplied to the strati�ed zone to produce a map show-
ing the �ow paths that are are predicted to be at risk of becoming saline.

5. Produce an “ar easat risk” map by extracting all regions within a certain height above
the nearest “at risk” �ow path. The appropriate height is estimated using the digi-
tized ground data to produce the most accurateprediction. In practice the appropriate
height has beenfound to range up to 2 meters.

6. The risk maps are then validated on independent ground data (ground data not used
in deriving the models) and by inspection by hydr ologists.

Detailed task reports describeeachof the processingsteps;only summary information is
provided here. The task reports are held by CSIROMathematical and Information Sciences.
Seethe README �le on the data CD for further details of the format of the �nal product.
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5 Shallow Ground Water Prediction Methodology for areas with-
out surface �ow

The stepsused for predicting areasat risk of shallow ground water are listed below.

1. Digitize the ground data, provided by the hydr ologist, indicating areas to be “at
risk/not at risk”.

2. Stratify the terrain – this was done using the National ResourcesAssessmentGroup
map of soil-landscape systems.

3. Using a wet-seasonimage, mask out the wet areasin the the LandMonitor DEM.

4. using the pit-�lling code, �ll the pits in the masked DEM. This �lls depressionsin the
DEM to produce a surface such that water would �ow .

5. patch the two DEMS together so that the new DEM is:

� not �lled in the wet areas– so that water would �ow into them;

� pit-�lled elsewhere.

6. Using the new DEM, calculate height-above the wet/ar eas/lakes to produce an “ar eas
at risk” map by extracting all regions within a certain height above the nearest “at
risk” wet area. The appropriate height is estimated using the digitized ground data
to produce the most accurate prediction. In practice the appropriate height has been
found to range up to 2 meters.

7. The risk maps are then validated on independent ground data (ground data not used
in deriving the models) and by inspection by hydr ologists.

Detailed task reports describeeachof the processingsteps;only summary information is
provided here. The task reports are held by CSIROMathematical and Information Sciences.
Seethe README �le on the data CD for further details of the format of the �nal product.

6 The Processing History

The maps were produced using the initial ground truth for the Kent and then modi�ed in
the light of comments from the hydr ologists. In the light of the comments:

� some isolated patcheswere removed from the risk map;

� the intr usion of the “at risk” areasinto bush covered areaswas minimized;

� the height above �ow paths lines was reduced;

� the length of saline tributaries was reduced;

� some regions, were reprocessedusing the methodology described in section 5. See
�gur e 2 for a map showing theseregions.
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The �nal maps are those that met the hydr ologists approval.
Detailed task reports describeeachof the processingsteps;only summary information is

provided here. The task reports are held by CSIROMathematical and Information Sciences.
The �nal risk maps are a result of the 3r d processingiteration.

Figure 2: The processedareashowing the boundaries of the depressionregions in green.

7 Validity , Accuracy and Limitations

7.1 Quantitative assessment

Vector boundaries for the predicted areasat risk wereprovided for two areas,the Kent region
and the South Stirlings, enabling a quantitative assessmentof the risk map against expert
opinion. The two areasare shown in �gur e 3.

The Kent region was processedusing the methodology described in section 4. It had an
overall accuracy of 80%. The South Stirling is an area without clearly de�ned surface �ow
paths. It was processedusing the methodology described in section 5 and had an overall
accuracy of 92%. The following tables show the counts and the omission and commission
rates for both setsof training data.

Ground Label
At Risk Not At Risk

Image Map Label At Risk 70% 15%
Not At Risk 30% 85%

Total 100% 100%

Table 1: Percentageaccuracyand rates of omission for Kent.
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Ground Label
At Risk Not At Risk Total

Image Map Label At Risk 71% 29% 100%
Not At Risk 15% 85% 100%

Table 2: Percentageaccuracyand rates of commission for Kent.

Ground Label
At Risk Not At Risk Total

Image Map Label At Risk 35890 15069 50959
Not At Risk 14724 85339 100063

Total 50614 100408 151022

Table 3: Pixel numbers for the Kent training area.

Ground Label
At Risk Not At Risk

Image Map Label At Risk 55% 5%
Not At Risk 45% 95%

Total 100% 100%

Table 4: Percentage accuracy and rates of omission for the
South Stirlings.

Ground Label
At Risk Not At Risk Total

Image Map Label At Risk 44% 56% 100%
Not At Risk 3% 97% 100%

Table 5: Percentageaccuracyand ratesof commission for the South
Stirlings.

Ground Label
At Risk Not At Risk Total

Image Map Label At Risk 5779 4671 10450
Not At Risk 7320 130261 137581

Total 13099 134932 148030

Table 6: Pixel numbers for the South Stirlings training area.
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Earlier sourcesof error such as:

� intr usions of “at risk” areasinto uncleared bush; and

� isolated patchesmapped asbeing “at risk,”

have been�xed in the �nal product. Remaining sourcesof error may include:

� inaccuraciesin the DEM; and

� application of the rules learnt from the ground truth in areaswhere they are not appli-
cable (the problem of strati�cation);

� the physical model is designed to extrapolate areaswith the potential for high water
tables, if the water tables are non-saline in an area then the prediction of salinity risk
will be in error.

Several small regions where the DEM has causedproblems have been �xed by manual
editing. We have followed the practice of using the best currently available strati�cation,
namely the National ResourcesAssessmentGroup map of soil-landscape systems.

7.2 Qualitative assessment

An assessmentmap was produced for the following regions:

� Ar ea1 (top left (TL) f 496273E,6215718Ng, bottom right (BR) f 539443E,6160462Ng);

asshown in �gur e 4.
The vector boundaries of the test areasaregiven in a �le on the data compact disk (seethe

README �le). The �nal image of this areaswas qualitatively assessedby Ruhi Ferdowsian,
in August 2001.
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Figure 3: The two training areas,Kent and the South Stirlings (marked “1” and “2” respec-
tively) are shown in red.

Figure 4: The quantitative assessmentareaand the boundary of the processedarea.
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8 Limitations and Liabilities

The information contained in theseshallow ground water maps is necessarilybasedin part
upon various assumptions and predictions. The Land Monitor Project (comprising the West-
ern Australian State Government agencies,Agricultur e Western Australia, Department of
Conservation and Land Management, Department of Envir onmental Protection, Depart-
ment of Land Administration, Main Roads Western Australia, and The Water and River-
s Commission and the Commonwealth agency CSIRO Mathematical and Information Sci-
ences)acceptsno responsibility for any inaccuracies in these shallow ground water maps
and persons relying on thesemaps do so at their own risk.
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A Data format

This CD contains the data files for the Shallow Water Table
and Salinity Risk Prediction as processed in for the LandMoni-
tor project.
All raster files are 25 metre resolution, AGD66 T-
MAMG50projection.

Robert Dunne
June 2001

This CD contains the following files in ERMAPPERformat;

1) central_districts_and_eastern_wheatbelt_mask
This is a single-band image file.

- the class labels are:
0 = not processed, outside common overlap area
1 = not ar risk
2 = at risk

2) central_districts_and_eastern_wheatbelt
This is a single-band image file.

- 0-200 height in centimeters above flow paths
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3) vector files showing approximate zone boundaries
processed_zone
processed_zone.erv

4) a vector file showing the location(s) (bounding win-
dow) of the accuracy assessment regions

test_areas
test_areas.erv

5) the final report for the scene, report.pdf.
This is sved as a .pdf (Portable Document Format) file.


