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EXECUTIVE SUMMARY

This mass movement hazard assessment addresses harvesting of the 1962 age class of Monterey
pine (Pinus radiata D. Don) in compartments 148, 152, 153, 154, 155, 156, 157, 158 and 159 of
Canobolas State Forest. It was conducted according to module 2 (Mass Movement Assessment) of
Environment Protection Licence No. 4016 and was undertaken because some existing roads will
be maintained and/or upgraded in geological units (Middle Miocene basalts, alkali rhyolites and
trachytes) where there have been previous mass movements.

An appropriate classification of mass movements (Varnes 1978, Cruden and Varnes 1996, Dikau et
al. 1996a, 1996b) is first outlined and used throughout the report. This classification is based
primarily on the type of movement (fall, topple, rotational slide, translational slide, planar slide,
lateral spreading, flow and complex movement) and secondarily on the type of material (rock,
debris and soil). It is proposed herein as an appropriate classification scheme of mass movements
for use, trial and subsequent refinement by staff of Forests NSW.

Canobolas State Forest forms part of a post-World War I Government reforestation project with
softwood plantations in the Orange area. Ministerial approval for the purchase of the first freehold
property was granted on 22 January 1947. The first plantings occurred later in the same year but
Canobolas State Forest No. 901 was not dedicated until 22 June 1959. The 1962 age class in
Canobolas State Forest is mapped as three informal stratigraphic (geological) units of the Canobolas
Volcanic Complex, namely, unnamed basaltic intrusions and flows (Tb), unnamed alkali rhyolite
(Tp) and unnamed trachyte intrusions, flows and volcaniclastics (Tt). A series of K-Ar dates on
these volcanic rocks gave ages ranging from 12.7 to 10.9 Ma (Middle Miocene). The Canobolas
soil landscape has been mapped in the 1962 age class and the dominant soil regolith stability class
for the 1962 age class was assessed by Murphy et al. (1998) as class 3 with a sub-dominant class
of 1. Recent soil assessments by David Bell and the author are consistent and indicate that the soil
regolith stability class for the Canobolas soil landscape should be revised to a dominant class of 1
with a sub-dominant class of 3. Furthermore, the author has identified subplastic gravelly clay
loams and gravelly light clays for the first time in the Canobolas soil landscape and such materials
exhibit high mechanical and chemical stability, which is inconsistent with class 3.

Although Fell’s (1992) extensive review of landslides in Australia did not cite a single reference to
mass movements on Tertiary basalt in the Orange area, the following three mass movement events
have been recorded recently in Canobolas State Forest:

1.  Lee (1999) reported a major landslide (debris slide) that involved some 1.3 ha on a 28.8°
slope of 1969 age class pine in compartment 259 of Canobolas State Forest in about October
1998. The debris slide was located in a slope planform concavity (hillslope hollow) which
concentrated overland flow and soil water, and which would, therefore, cause soil saturation
during prolonged rain. From analysis of rainfall records, it was concluded that the 1998
landslide actually occurred at some time between June and August rather than when first
observed in October. The debris slide resulted in a second mass movement in the drainage
line downstream of the toe of the debris slide. Temporary damming of some of the material
eroded by the debris slide in the drainage line was effected by a series of interlocked pine
trees (debris dam) at the side of the debris slide. Initiation of renewed movement of some of
the temporarily stored debris as a flow was probably caused by a combination of liquefaction
and partial failure of the debris dam soon after formation. The debris flow extended about
500 m along the drainage line and downstream channels.
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Figure 35. Cusum plots of annual rainfall at Canobolas State Forest (063018) using the mean (A)
and the median (B). The years of recent mass movement activity (1998 and 2000) in Canobolas
State Forest are shown as red diamonds. The time period covered by the abscissa coincides with
the recent wet period at Orange Post Office shown in Figure 34.
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Lack of records on the incidence of mass movements may partially account for the seeming dearth
of activity during the wet period since 1949. However, this persistent, substantial, multi-decadal
increase in annual rainfall in the Orange district was conducive to mass movement initiation on the
steep slopes of the central elevated core of cones and domes at Mt Canobolas. If mass movements
had occurred, they should have been recorded because of their substantial effects on the plantation
resource and/or road network. Therefore, it is concluded that while mass movements do occur in
Canobolas State Forest, the risk is relatively minor, even during extended wel periods. Mass
movement risk is discussed further in Mass Movement Hazard and Recommendations to Mitigate
this Hazard in 1962 Age Class (p. 50).

3. SOIL SATURATION

A simple water balance model was constructed to determine when soil saturation (soil moisture
storage full at field capacity) was likely in the 1962 age class. The water balance equation (Downes
1963) was rearranged to predict soil moisture storage and can be represented by:

SM =R - ET -RO - DS -LS + ASM (11)

where SM is soil moisture storage, R is rainfall, ET is evapotranspiration, RO is runoff,

DS is deep seepage, LS is lateral seepage and ASM is antecedent soil moisture storage.
All units are mm.

Changes in soil moisture storage are usually calculated for daily (Scotter et al. 1977) or weekly
time steps (Kalma 1974) but a monthly time step was used below because only long-term, reliable
monthly rainfall data had been compiled for the Canobolas State Forest gauge (Appendix 1). The
purpose of the water balance is to assist forest management by predicting when soil saturation is
likely in Canobolas State Forest and hence when the occurrence of mass movements are most
probable because the pore water pressure is likely to be zero. However, the November 2000 debris
flow was caused by a rainstorm with a duration of five days at most (Figure 14) and so the ability
of a monthly water balance to predict the timing of zero pore water pressure is limited. The
assumptions used for the water balance calculations are:

1. The maximum soil moisture storage capacity is 120 mm when the soil is at field capacity.
This value may be conservative.

2. No runoff is assumed at soil moisture storage levels less than 120 mm.
No deep seepage occurs at soil moisture storage levels less than 10 mm.

4. Actual evapotranspiration equals 0.8 times tank evaporation when the soil moisture
storage for the preceding month is greater than 50 mm.

5.  Actual evapotranspiration equals 0.4 times tank evaporation when the soil moisture
storage for the preceding month is less than 50 mm.

6. Tank evaporation is essentially equivalent to the point potential evapotranspiration of
Wang et al. (2001).

The values adopted by Kalma (1974) and measured by Scotter er al. (1977) for their water balance
studies were used as guides. The results of the water balance for a monthly time step and for both
median and mean monthly rainfall at the Canobolas State Forest rain gauge are shown in Figure 36.
For median monthly rainfall and an assumed soil water retention capacity of 120 mm, soil saturation
only occurs in August, although soil moisture storage is also high in July and September (Figure
36A). If the assumed soil water retention capacity is correct, then soil saturation only occurs during
one month for at least 50% of years, although soils are wet between July and September. However,
for mean monthly rainfall and the same assumed soil water retention capacity, maximum soil
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moisture storage is exceeded for July, August and September. The reason for the different results
between median and mean monthly rainfall is that monthly rainfall is usually skewed and mean
monthly rainfall is usually greater than median values (Appendix 1). Therefore, for average monthly
rainfall, soil saturation would occur by July and there is a risk that mass movements could occur in
Canobolas State Forest between July and September. When monthly rainfall conforms to average
values, harvesting should not be conducted in Canobolas State Forest between at least July and
September.

CANOBOLAS SOIL MOISTURE

SOIL MOISTURE (mm)

CANOBOLAS SOIL MOISTURE

SOIL MOISTURE (mm)

Figure 36. Soil moisture storage in the soil profile at Mt Canobolas for median monthly (A) and
mean monthly rainfall (B), assuming a maximum soil moisture storage value of 120 mm to produce
soil saturation.
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The simple water balance approach has a number of shortcomings that should be recognised:

1.

Monthly data mask short duration, intense rain events that can cause soil saturation
and produce zero pore water pressures. Such events can cause mass movements, as
outlined in Historical Mass Movements in Canobolas State Forest (p. 14) and Caine’s
(1980) extrinsic rainfall thresholds (equations 8 and 9) should be used as a guide to the
identification of such rain storms in the absence of more appropriate local data.

The results of the water balance calculations are based on an assumed soil water retention
capacity. The appropriateness of this value should be determined.

Local sites where the soil is deep and which experience runon from upslope and/or
lateral seepage from upslope will become saturated by lower rainfall than predicted
above. The recognition of these areas would require the application of a digital elevation
model with a hydrological model, such as Topog (Vertessy et al. 1993) and has not
been attempted here.
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MASS MOVEMENT HAZARD AND RECOMMENDATIONS
TO MITIGATE THIS HAZARD IN 1962 AGE CLASS

The above investigations have established that various types of rain storm-induced mass movements,
particularly debris slides and debris flows, have occurred episodically in Canobolas State Forest
over about the last 30 000 years. Radiocarbon dating of wood or charcoal contained in a range of
landslide deposits would be required to determine the age and associated long-term frequency of
mass movements. This has not been attempted here. However, it must be emphasised that climate
has changed greatly over the last 30 000 years with the last glacial maximum occurring between
15 000 and 20 000 years BP (Dodson et al. 1992). At this time, temperatures were much colder and
rainfall was much lower than today (Dodson et al. 1992). Evapotranspiration losses would have
also been much less but very few lakes are known from this period and ‘the great river systems
would have trickled only intermittently seaward’ (Dodson et al. 1992, p 118). Rain storms and/or
spells of higher rainfall during the lead into, and/or the recovery from, the last glacial maximum
probably caused the ancient mass movements and their associated diamictons in Canobolas State
Forest. Further work is required to test this hypothesis.

The essential conditions for the initiation of historical mass movements in Canobolas State Forest
are:

. Relatively deep soil (about 1 m minimum depth) that develops a failure plane either
between soil layers/horizons or between soil and bedrock.

. Saturated soil and build up of pore water pressure due to prolonged rainfall, with or
without an intense rain storm.

. Flow concentration in hillslope hollows or planform concavities, which further promotes
soil saturation and increased pore water pressures during rain storms.

. Very steep slopes (>25°) on the edge or snout of individual trachyte flows or a series of
vertically stacked flows or on the side of steep volcanic cones and domes.

»  Formation and subsequent rapid failure of landslide dams which cause channel debris
flows and, in some case, the formation of slot channels.

Any forestry activities in steep hillslope hollows with relatively deep soils must be undertaken so
as to prevent soil saturation and/or artificial loading of the slope. Log landings and dumps should
never be located in steep planform concavities so as to avoid artificially loading such sensitive
sites. Furthermore, the location of road drainage needs to be carefully considered in the same
landscape setting. Runoff dispersal should not be directed to steep slopes in hillslope hollows. The
road drainage spacing specified in Environment Protection Licence No. 4016 should be varied to
avoid artificially increasing pore water pressures during storms. These licence variations need to
be documented on the harvesting plan. Material graded off forest roads should not be stockpiled
into earth mounds on top of fill road batters or directly added to fill batters in steep planform
concavities. ‘Fill berm failures’ have been recorded overseas (Montgomery and Dietrich 1994)
and have been observed by the author on steep slopes in pine plantations near Blowering Dam.
The use of machinery on steep slopes in hillslope hollows should be prohibited when soils are
saturated. Such a prohibition also serves to address the personal safety of machine operators. The
current seasonal closure of Canobolas State Forest should be maintained.
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The results of a simple water balance model based on monthly rainfall at Canobolas State Forest
gauge suggest that soil moisture storage capacity is only exceeded in August under median monthly
rainfall but is exceeded between July and September under mean monthly rainfall. Clearfall
harvesting, road works and site preparation should not be conducted when total soil moisture
storage has been exceeded. For rainfall durations less than a month, Caine’s (1980) extrinsic rainfall
thresholds (equations 8 and 9) should be used as a guide to the identification of rain storms likely
to cause mass movements. The water balance calculations only apply to sites with deep soils and
no runon and lateral seepage from upslope. Such sites will become saturated sooner than predicted
by the water balance model.

While no laboratory work has been undertaken on the clay mineralogy of the soils in the 1962 age
class, it is likely that they contain some montmorillonite. This clay mineral is characterised by a 2:1
lattice structure and hence swells on wetting by taking water into the clay lattice. Such soils exhibit
desiccation cracks on drying which can allow rapid infiltration of water followed by a marked loss
of strength (East 1978). Furthermore, Pain (1969) suggested that the presence of swelling clays
along a potential failure plane may cause mass movements.

While two complex mass movements have been documented recently (1998 and 2000) in Canobolas
State Forest, they are the only non-management-induced mass movements which have occurred
over the last 50 years during a period of persistent above average rainfall with many very wet
months. The lack of a clear temporal association between the occurrence of historical mass
movements and months with high monthly rainfall indicates that the frequency of mass movements
is not determined simply by an extrinsic threshold (Nanson and Erskine 1988), such as a critical
monthly or storm rainfall. However, Montgomery and Dietrich (1994) found that shallow landsliding
was controlled by rainfall intensities that caused soil saturation in sensitive landscape elements.
Information on at least daily rainfall as well as zones susceptible to soil saturation are needed to
investigate such relationships in Canobolas State Forest. Such information is currently unavailable.

Shallow landsliding often occurs in steep convergent areas, such as hollows, when rain storms of
between 50 and 200 mm per day cause soil saturation (Montgomery and Dietrich 1994). Crozier et
al. (1990) found that colluvium-filled bedrock depressions (CBDs) near Wellington, New Zealand,
also failed by shallow landsliding when the colluvium exceeded a critical stable depth. For this to
occur, the colluvium had to possess cohesive strength in its intact state and the water table had to
reach the surface. Both of these conditions are likely to occur in Canobolas State Forest. Deposition
in the depression progressively increased sediment depth until the critical stable value under saturated
deforested conditions was exceeded (Crozier et al. 1990). The artificial cohesion provided by tree
roots prevented landsliding under forest (Crozier et al. 1990). If a similar condition exists in
Canobolas State Forest, mass movements in steep planform concavities will only occur when sufficient
sediment has accumulated to exceed the stability threshold. Therefore, the frequency of mass
movements would depend on the rate of sediment deposition in CBDs and recent mass movements
would be stable until significant depths of colluvium infill the depression. Reid (1998) found that
in California, debris slides were likely to recur on or immediately adjacent to earlier slides where
their occurrence was not restricted to CBDs.

Management-induced mass movements have only been found to date on a cut road batter on
Cadiangullong Road where the road was re-routed through diamictons formed by a large rotational
slide of probable Pleistocene age and on another cut road batter in compartment 156. The cut
batter on Cadiangullong Road is too steep and will continue to fail during prolonged wet conditions
unless measures, such as those recommended by Engineering Services (2001), are implemented. It
is recommended that new roads or the upgrading of existing roads should avoid excavating cut
batters in thick diamictons (>2 m deep). Where there are existing cut batters in such diamictons
(Figures 17 and 22), appropriate remedial works should be installed, where required. While the site
on Cadiangullong Road (Figure 17) has been unstable since the road was re-routed through the
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diamictons, this is certainly not the case for a similar diamicton exposed in the cut road batter in
compartment 155 (Figure 22). The stability of cut road batters in diamictons should be assessed on
a site-by-site basis and remedial works undertaken where there is historical evidence of instability.
Most of the cut road batters in Canobolas State Forest observed by the author are characterised by
shallow soils that have developed in situ from various volcanic rocks. The soils are usually stable
due to the presence of a strong grade of pedality in medium to fine textured materials.

While there are steep slopes in the 1962 age class, many such areas are characterised by shallow
soils. Such shallow soils are rarely sensitive to mass movements (Montgomery and Dietrich 1994)
but do act as sediment source areas for CBDs (Crozier et al. 1990).

Plantations are a recommended land use for mass movement-prone areas (for example, Pain 1971,
East 1978, Rogers and Selby 1980). One reason for this is that rapid mass movements occur more
frequently per unit land area under grass than under forest (Pain 1969, 1971, East 1978). Indeed,
Pain (1971) found that rapid mass movements were five times more frequent under grass than
under forest in the Orere River catchment in New Zealand. The usually cited explanation is that
soil regolith strength is increased by roots (Furbish and Rice 1983). Abe and Ziemer (1991a) found
that root reinforcement is important where roots extend into either joints and fractures in bedrock
or into weathered soil. They documented increases in the factor of safety from less than 1 (ie slope
failure) to 2 (ie stable slope). Abe and Ziemer (1991b) experimentally determined in a large shear
box that pine roots increase shear resistance by generating tangential friction between the root and
the soil. While trees increase soil strength, their harvesting reduces strength as roots decay (Furbish
and Rice 1983). Therefore, it is essential that landscape settings sensitive to mass movements
should be either not harvested or planted as soon as possible after harvesting. The areas identified
earlier in this section should be assessed for tree retention and, if harvested, should be replanted as
soon as possible thereafter.

Trees also reduce soil moisture content due to higher evapotranspiration and interception losses
than grasslands (Erskine 2001b, 2003). While this factor is often said to be of lesser importance to
stabilising soils than root reinforcement (Furbish and Rice 1983), it is still significant. This is another
reason for quickly replanting those landslide-prone areas identified above. Landslides should not
be excluded from planting just because a landslide has occurred.
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APPENDIX 1

MONTHLY AND ANNUAL RAINFALL DATA AT CANOBOLAS STATE FOREST (063018)

GENERATED FOR THE MASS MOVEMENT HAZARD ASSESSMENT

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC b A
1949 36.1 53.5 40.0 319 49.5 61.5 B4.5 13.0 1309 113.2 76.9 45.2 755.8
1950 111.2 160.1 181.2 87.5 95 160.7 131.2 106.9 110 211.8 204.2 0.8 1560.6
1951 il.l 62.8 42.9 63.5 78.4 117.4 1154 1823 62.6 62.5 47.5 57.6 924.0
1952 13.5 13.6 93.6 158.3 1384 2724 149.3 79.1 61.3 162.7 69.7 130.7 13426
1953 74.0 26.1 21.6 41.9 116.2 67.3 28.3 126.8 72.2 73.5 119.4 24,1 7914
1954 1064 105.3 0 88.9 8.4 60.2 41.2 45.1 26,7 162.8 171 8§2.3 898.3
1955 78.6 224 42.8 13.4  109.9 97.7 90 153.7 53.9 236.3 103.3 61.1 1264.7
1956 102.2 124.3 2428 1579 1484 198.9 2124 116.2 1304 1844 36.9 1.3 1656.1
| 1957 24.1 33.6 39.2 37.4 18.6 48.1 86.6 4.3 213 14 22.6 75.2  492.0
; 1958 102.1 34.8 62.4 46.3 80.7 70.4 93.3 1506 121.9 1549 24.5 88.1 1030
1959 60.3 131.5 77.8 163.5 20 137.8 121.2 36.2 62.7 84.3 49.6 43.3 988.2
[ 1960 86.2 112.8 36.2 71.8 1984 66.1 222.6 1554 198.7 74.1 86.9 115.1 14243
n 1961 43.7 39.1 63.1 81.9 27.1 102 176.4 143 8.3 68.6 165.7 68.3 1017.2
1962 1458 49.6 16.5 12.9 181.1 45.3 84.9 143.7 55.1 79.2 27.7 172.2 1014
1963 85.9 92.4 68.4 22.3 168 133.7 2042 1019 935 68.6 79.4 87.1 12054
1964 67.0 29.7 25.3 105.2 124 120 202.9 98.3 193.1 188.6 45 323 12314
1965 5.6 7 51.9 29.7 75.9 i5.4 64.9 85 62.2 1543 62.6 92 726.5
I 1966 34.5 7.6 1123 27.8 85.3 78.8 942 1784 99.9 182.5 147.1 134.2 1182.6
1967 88.2 333 45.2 0 39.4 50.7 243 1935 604 80.3 49 17.3  681.6
!. 1968 155.5 2.8 130.2 100 298.5 62.3 81.1 121.4 49 136.5 61 142.8 1341.1
1969 81.6 1769 161.6 103.7 70.6 86 137.4 5.3 93.2 107.2 92.5 24.6 1221.1
1970 136.1 50.2 64.8 106.1 111.1 75.3 26.7 1489 160.2 120.1 143 157 1299.5
1971 103.2 181.5 15.3 60.4 76.7 46.5 141.2 178.6 1074 14.3 181.1 1664 1272.6
1972 218.7 66.4 17.3 54.6 26.8 1.0 47.0 1383 398 81.1 67.5 39.5 798.0
1973 131.2 351.5 59.2 63.5 63.8 178.3 124.8 193.7 94.8 1846 213.8 163.3 18225
1974 107.6 167.6 10.7 208.2 87.6 27 240.4 181.2 215.6 159 50.6 2 1457.5
1975 72.4 89.6 75 82.4 49.8 105.2 98 224.8 190.4 257 50.8 60.8 1356.2
1976 324.2 159.4 81.2 54.5 37.2 27.8 132.4 71.4 148.8 221.8 65 38 1361.7
1977 60.6 77.6 101.5 65.6 212.0 111.4 44.6 57.4 838 24 4 20.1 18.0 877.0
1978 316.2 13.6; 151.0 21.2 181.0 120.4 159.2 77.4 2226 90. 139.8 83.6 1576.1
1979 13.0 5.0 62.2 99 109.4 5.8 33.6 88.2 1414 86.4 74.8 0 718.8
1980 78.4 70 19.0 30.2 95.8 125.6 128.2 33.4 344 61.4 15.0 85.8 777.2
1981 40.6 83.0 4.6 10.2 93.8 2006 257.4 1100 33.2 123.2 90.2 86.2 1133
1982 43.6 24.4 73.4 25.2 22 41.2 37 38 628 20.8 6.4 10.0 370.6
1983 54.6 44.0 70.0 98.0 130.0 33.0 95.6 97.0 148.6 93.0 102.8 130.0 1096.6
1984 361.6 75.6 47.8 80.4 36.4 16.8 271.4 149.2 107.2 93.8 348 21.6 1296.6
1985 4.4 41.8 1378 34.0 67.8 73.6 334 216.6 1360 116.6 106.6 103.1 1071.7
1986 83.4 8.0 5.2 25.2 79.2 28.6 187.2 132.2 974 1224 1232 224 9144
1987 23.2 75.8 1558 16.0 944 1074 44.2 151.8 438 80.8 748 119.8 9878
1988 82.2 43.2 31.0 81.8 89.2 71.2 1226 1204 140.8 32.5 68 165.6 1048.5
1989 67.0 294 103.0 1522 119.8 72.4 115.2 948 33.6 434 59.8 72.8 9634
1990 56.0 104.2 23.0 393.6 100 $2.60 11532 32724 535.1 75.6 30.8 13.6 1360.1
1991 40.1 18.0 55.7 11.2 459 1094 135 1545 101.4 21.4 15.7 93.3 861.6
1992 168.6 212.6 37.6 31.8 47.6 60.6 57.5 169.8 107.2 73 95.6 2484 13103
1993 28.3 56.2 60.0 13.4 35.2 50.4 171 69.2 1653 160.6 107.8 37 954 .4
1994 12,8 179.6 41.0 49 .4 29.8 90.6 61.9 33.4 341 64.1 114.3 1184 §29.4
1995 237.9 12.2 il 19.3 2298 86.5 158.9 246 13 40,7 843 1426 11119
1996 203.7 32.9 38.4 9.4 459 1303 173.3 1434 1428 1034 83.8 71.2 1178.5
1997 168. 102.2 23.3 8.0 69.7 40.3 44.7 74.6 133.2 67.4 71.3 76 879.2
1998 165 75.3 80 113 110 194 19] 197.6 136.2 138,1 115.7 459 1489.8
1999 60.5 16.7 108.7 68.3 45.5 88.2 79.8 128.9 69,4 2488 66.4 1642 11454
2000 36.6 17.2: 13507 36.0 106.1 72.8 61.2 167.9 68.2 170.6 162.3 43.1 1092.7
2001 6.2 111.2 82.9 97.4 313 85.6 85 91.1 90.1 108.7 55.6 29.2 8743
2002 46.8 2142 27.6 27.0 58.2 38 50.4 19.6 B80.8 4 14.2 45.2 626.6
Median 76.2 59.5 53.8 54.55 79.95 7445 1066 1209 9335 934 74 .8 72 1082.2
Mean 94.2 80.2 64.8 68.7 90.2 86.5 1150 118.6 98.1 109.3 83.5 77.2 1086.4
Std Dv  R0.5 71.4 51.8 64.8 59.3 53.7 64.3 58.9 515 63.4 491 55.9 2969
Skew 1.639 1.483 1.256 2.695 1.277 1.170  0.549 0.097 0.620 0.497 0.796 0.720 0.059
Sign Sign Sign Sign  Sign Sign NS NS  Sign NS Sign  Sign NS

Red
Green
Blue -
Sign -

NS -

FOREST RESOURCES RESEARCH
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estimated by equation 1 from Orange Post Office (063065)
estimated by equation 2 from Orange Airport (063231)
estimated by equation 3 from Orange Agricultural Institute (063254)

the coefficient of skewness is significantly different from zero, according to the test of Matalas and Benson (1968), and
hence the data are significantly skewed.

the coefficient of skewness is not significantly different from zero, according to the test of Matalas and Benson (1968),
and hence the data are normally distributed.
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APPENDIX 2

MONTHLY AND ANNUAL RAINFALL DATA AT FOUR MILE CREEK POST OFFICE CONTAINED
ON FILE 46024/1

YEAR JAN FEB MAR APR MAY JUNE JULY AUG SEP OCT NOV DEC TOTAL

1923 24.1 0.0 5.8 0.0 40.1 206.8 165.1 60.2 162.1 1039 77.5 35.1 880.6
1924 229 63.0 0.0 742 38.4 88.9 475 76.2 141.0 41.7 196.3 40.9 830.8
1925 109.2 19.1 61.5 21.8 549 1786 975 31.0 442 44.5 67.3 19.1 748.5
1926 10.2 13.5 1994 126.0 110.2 91:2; q6:7 80.0 82.6 445 5.1 66.5 905.8
1927 141.0 6.1 27.2 83.6 35.1 229 617 269 795 42,7 884 43.2 657.9
1928 50.0 186.4 101.1 54.1 333 67.3 83.1 18.8 338 72.6 31.8 0.0 732.3
1929 5.1 105.9 64.5 254 3 31 3530231 65.3 43.2 11.7 111.3  95.0 642.4

1930 244 31.0 1350 4T9 49.5 574 955 1123 35.1 169.2 56.1 80.5 767.3
1931 55.4 15.0 190.0 75.7 143.8 163.3 80.8 673 68.8 46.7 74.7 76.2  1057.7
1932 11.7 234 1323 940 14.5 66.8 478 737 69.1 848 B82.8 66.8 767.6
1933  56.1 0.0 39.1 40.1 57.7 35.6 1275 54.1 102.6 26.7 65.8 78.2 683.5
1934 116.6 111.5 0.0 67.3 0.0 45.2 1049 1224 68.6 202.2 107.2 8.4 984.3
1935 165.1 27.4 10.2  165.1 27.2 46.0 70.1 92.2 38.1 918 35.60 87 856.0
1936 826 100.3 §7.9  52.1 25.7 71.9 1354 65.0 40.6 44.7 0.0 206.5 912.6

1937 320 T3 76.5 14.7 57.9 50.8 229 927 785 1054 1218 15.7 576.1
1938 785 0.0 80.0 14.5 72.1 96.0 49.5 11.2 101.6 10.7 39.9 9.7 563.6

Median 52.7 21.2 63.0 53.1 44.8 67.1 78.7 66.3 69.0 45.7 66.6 54.9 767.5
Mean 61.6 44 .4 68.1 59.5 31:1 82.7 80.5 65.6 74.3 71.5 66.3 59.9 785.4
Std Dv  49.5 54.2 63.2 43.8 353 54.4 39.9 31.9 37.8 53.7 48.0 49.0 142.7 ]
Skew 0.800 1.497 0925 0.944 1.360 1.289 0.479 -0.084 1.052 1.279 1.149 1.746 0.178§)
NS Sign NS NS Sign Sign NS NS NS Sign  Sign  Sign NS
Sign - the coefficient of skewness is significantly different from zero, according to the test of Matalas and Benson (1968), and
hence the data are significantly skewed.
NS - the coefficient of skewness is not significantly different from zero, according to the test of Matalas and Benson (1968), 5

and hence the data are normally distributed.

All errors contained in the file entries have been corrected. |
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