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Fig 1 – Rainfall – Hume Catchment



CLIMATE

The Hume catchment is partly in the Upper Murray region and partly in the East Gippsland region (State Regional Boundaries
Committee 1942), and the Resources Survey reports of these regions (Central Planning Authority 1949 and 1954 respectively)
also contain analyses of their respective climates.

The climate varies widely over the catchment. In the open valleys in the north, summers are hot and winters cool with an average
annual rainfall of about 30 inches. The mountains in the south, however, have mild summers and very cold winters with regular
winter snow and an average annual precipitation of 60 inches or more.

The topography is the most important single factor causing variation in the climate over the catchment. With increase in elevation,
rainfall generally increases and temperatures decrease.

Features of the Climate

Precipitation

(a) Types of Precipitation: Over most of the catchment precipitation is mainly rain. Occasionally snow falls over the whole
of the area but only rarely in the low country in the north-west.

Light snowfalls are a fairly regular annual occurrence at elevations above about 3,000 feet, such as the Koetong-Shelley plateau;
however, they contribute little to the total precipitation in these areas. Above about 4,500 feet elevation, a high proportion of the
winter precipitation is snow. The snowfall on the higher country is of great importance in the hydrology of the catchment.

Fog drip may produce increases in precipitation under trees in the mountainous areas where low cloud is common, but there have
been no measurements of this in the catchment. Costin and Wimbush (1961) have measured interception by snow gum above
4,000 feet in the Kosciusko area and suggest that 1 inch to 5 inches may be added to annual precipitation by this means.

Other forms of precipitation such as hail and dew do not contribute significantly to annual totals. Hail is very rarely severe enough
to damage property, livestock or crops.

(b) Distribution over Catchment: The average annual rainfalls for stations within or adjacent to the catchment are presented
in Table 1. However, there is no data for large areas of the catchment, and the map of isohyets is based not only on those values
but also on a study of the topography and patterns of naive vegetation.

Areas with the highest elevations generally have the highest precipitations. However, except for Hotham Heights, these areas are
not represented by rainfall stations, so that the figure of 50 inches indicated on the map is only estimated and precipitation could
be even higher. Carr and Turner (1959) quote an average annual precipitation for Bogong High Plains of 95 - 5 inches and a
variance of 27 - 5 inches.

Two intensive rain shadows are indicated by rainfall records, and there are probably numerous small areas where adjacent ranges
cause a localised reduction in rainfall on their leeward side. The Omeo-Benambra area is in a relatively severe rain shadow which
results from the influence of the high Hotham-Bogong country to the north-west. Average annual rainfall is as low as 23 inches at
Benambra, although the elevation is 2,100 feet. The other area is around Cudgewa and Corryong, but the rain shadow is not as
severe as at Omeo. Corryong has an average annual rainfall of just under 30 inches. This rain shadow is caused by the elevated
country of the Shelley Plateau and Mt. Burrowa to the west and north-west.

The nature of the soils and vegetation in the Mitta Mitta River valley above Mitta Mitta township, and also to the east of
Limestone Creek, indicate that these areas may also be affected by quite strong rain shadows, but there are no rainfall records to
confirm this.

(c) Monthly Distribution: A small number of rainfall stations have been selected to represent conditions over certain parts of
the catchment. Tallangatta East∗ and Corryong are fairly typical of the broad valleys of the north-west and north-east, respectively.
Mitta Mitta represents the narrower upper-valley tracts and Omeo has been selected to represent the conditions prevailing on the
southern-tablelands tract. Records for Hotham Heights provide an example of the climate of the higher-elevation country, but the
records cover only a relatively short period and may not be typical. It may not be safe to generalise from records of stations such
as Gibbo River and Glen Wills as these narrow, valley situations could be greatly affected by quite localised rain shadows. There
are no records for mid-mountain and upper-mountain elevations over the central third of the catchment.

Records of rainfall stations in the north, such as Tallangatta East∗, Corryong and Mitta Mitta, show a maximum rainfall in winter
(Figure 2). Precipitation at Omeo is relatively uniformly distributed, but there is a slight depression in the winter rainfall, and
                                                          
∗ Formerly Tallangatta; the name was changed when the town was transferred to its new site, 5 miles to the west.
∗ Formerly Tallangatta; the name was changed when the town was transferred to its new site, 5 miles to the west.



spring is slightly wetter than the other seasons. This uniformity is a result of the influence of the high land mass to the north-west
which reduces winter rainfall. Summer rainfall at Omeo is about the same as in the north, and is mostly the result of thunder
storms which are not affected by the land mass to the north-west. Over the rest of the catchment the pattern is similar to that
shown by the records for Tallangatta East, Corryong, Mitta Mitta and Mt. Hotham. The pattern of monthly rainfall distribution
shown by the Omeo records is typical of the rain shadow area in which Omeo is situated. The monthly distribution of precipitation
for alpine and sub-alpine country is typified by the graph for Hotham. Heights. In these areas precipitation in winter is
considerably higher than in summer, and much of it falls as snow.

November is considerably drier than December or any of the previous four months for all stations for which graphs were drawn.
Also, except at Omeo, July is drier than June or August, and September is drier than August or October. The driest month at
Tallangatta East, Corryong and Mitta Mitta is January, at Hotham Heights it is February, and at Omeo it is April.

Table 1 – Average Monthly and Annual Precipitation (inches)

Station Years of
Record

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year

Annandale 33.8
Benambra 11 1.57 2.19 1.78 1.82 1.75 1.23 1.63 1.82 2.21 2.93 2.04 1.72 22.7
Bethanga 36 1.84 1.85 1.93 2.13 2.40 3.49 2.96 3.10 2.42 2.57 1.95 2.20 28.8
Bogong High Plains 23 3.92 5.30 5.02 7.97 8.42 10.19 11.52 12.73 8.40 10.07 7.26 5.52 95.5
Burrowye 30 1.73 1.96 2.19 2.46 2.56 4.06 4.06 4.28 2.77 3.36 2.64 2.49 34.6
Callaghan’s Creek 35 2.07 2.25 2.56 2.62 3.35 4.61 4.62 4.55 3.53 4.06 2.73 2.69 39.6
Cobungra 15 1.65 2.11 1.96 2.47 1.33 2.05 1.86 2.02 1.93 2.49 2.12 2.51 24.5
Corryong 30 1.77 1.90 2.19 1.91 2.13 3.22 2.91 3.04 2.46 2.66 2.14 2.57 28.9
Cravensville 20 1.70 1.92 2.35 2.33 3.47 5.02 4.13 4.83 3.24 3.41 2.28 2.46 37.1
Cudgewa North 30 1.61 1.98 2.09 1.91 2.22 3.44 3.19 3.37 2.53 2.74 2.12 2.62 29.8
Cudgewa S S 34 1.73 1.64 2.24 1.82 2.45 3.60 3.52 3.09 2.91 2.95 2.22 2.70 30.9
Gibbo River 22 2.48 1.68 2.83 2.35 4.35 5.25 5.53 5.45 5.12 4.44 3.03 3.30 45.8
Glen Wills 10 2.43 3.49 2.80 2.84 3.45 3.37 4.15 4.37 3.21 4.20 3.47 2.51 40.3
Hinno Munje 43 1.68 1.74 2.13 1.81 1.72 2.53 2.04 2.09 2.29 2.58 2.00 1.96 24.6
Hume Reservoir 26 1.69 1.87 1.80 2.08 1.86 2.91 2.64 2.93 1.77 2.35 1.80 1.94 25.6
Jinjellic 18 2.00 1.95 2.05 1.93 1.87 3.00 2.76 3.07 2.07 2.54 2.32 2.14 27.7
Koetong 34 2.51 2.42 3.53 3.03 3.43 5.83 5.60 4.95 4.18 3.96 2.92 3.07 45.4
Lucyvale 9 1.00 3.22 4.97 3.41 2.98 5.76 5.37 5.55 2.70 2.85 3.76 2.37 43.9
Mitta Mitta 30 2.04 2.21 2.62 2.78 3.60 4.95 4.58 4.94 3.73 3.95 2.65 3.00 41.1
Nariel Upper 56 2.23 2.08 2.52 2.60 3.30 5.34 4.37 4.31 3.83 3.68 2.84 2.86 40.0
Omeo 30 2.27 2.11 2.31 1.84 1.87 2.19 2.08 2.14 2.43 2.50 2.04 2.41 26.2
Tallandoon 25 1.62 2.17 2.77 2.62 3.43 5.20 4.14 4.56 3.37 3.53 2.73 2.36 38.5
Thowgla Upper 42 2.01 1.83 2.34 2.03 2.68 4.11 3.53 3.39 2.83 3.18 2.27 2.58 32.8
Walwa 30 1.81 1.96 2.16 2.07 2.44 3.63 3.25 3.54 2.76 2.67 2.17 2.53 31.0

(d) Rainfall Intensity : Rainfall intensities, when considered with seasonal changes in ground cover should provide an indication
of the potentially critical periods for erosion and the relative severity of the hazard. However, there are no measurements of storm
intensities available for the catchment. As an approximation, the values of average rain per wet day for each month have been
calculated from the records of average monthly rainfall and number of wet days. This is not a good indication of storm intensity,
particularly for summer and autumn, but may be a useful guide for comparative purposes.

Values of average rain per wet day for each month have been calculated for several stations, and are presented in Figure 3.

At all stations graphed, the highest rainfall intensities occur during summer and autumn. The bulk of summer and autumn rainfall
occurs as localised thunderstorms, whereas the winter and spring rainfall is mainly caused by the passage of moist fronts which
are more general in coverage and produce less-intense rain.

The generally lower figures for Corryong and Omeo seem to be related to the rain shadow influencing these areas. The
particularly high figures for Tallangatta East in February may indicate the existence of a " storm path " through the area, possibly
also related to topography.

                                                                                                                                                                                                                



At Hotham Heights the high. proportion of snow in winter precipitation makes rain per wet day invalid as a measure of rainfall
intensity for several months during winter and early spring. The peak in March however, is an indication of a period of high
erosion hazard.

Fig 2 – Average monthly rainfall for selected stations

Temperature

The catchment is poorly served by temperature and humidity recording stations. In the south-west, stations are established at
Hotham Heights and Omeo. Data for Albury eight miles north-west of the catchment, and Hume Reservoir on the New South
Wales side of the dam wall, should give an indication of the temperatures in the north-western valleys.

Figure 4 shows average monthly temperatures at the above four stations. However, to provide a satisfactory coverage of this area
of diversified topography, a considerably greater number of stations would be required. Generally, the monthly averages for
temperature are more consistent from year to year than those for rainfall.

Average maximum temperatures during January and February, the warmest months, range between approximately 90oF. in the
north-west to 60oF. over the alpine peaks. Average minima during January and February range from about 60oF. in the north-west
to about 45oF. at Hotham Heights. In July, the coldest month, average maxima range from about 55oF. in the north-west to 33oF. at
Hotham Heights. July minima average about 35oF. in the north-west, but are down to 25oF. at Hotham Heights and may be lower
in some parts of the high country.



Fig 3 – Rainfall intensities (average rain per wet day) for selected stations

Fig 4 – Average monthly temperatures

The highest temperatures on record exceed 110oF in parts of the north-west. At Omeo, maxima have exceeded 105oF. on several
occasions, but at Hotham Heights the highest temperature recorded is 82oF. Minimum temperatures have been down to 10oF. or
less on several occasions over the alps.

In an attempt to obtain indications of temperatures over a wider range of country within the catchment, the linear correlations of
average January and July temperatures with elevation were tested with records from Hotham Heights, Omeo, Mt. Buffalo, Bogong
High Plains, Beechworth and Hume Reservoir. The correlation co-efficients of 0.991 for January and 0.995 for July were both
highly significant. Regression lines for January and July were drawn, and lines were drawn for the remaining months by
interpolation between the regression constants for January and July. These graphs are presented in Figure 5. If the elevation of a
locality is known, a close indication of average monthly temperatures can be read off those graphs, which, however, should not be
indiscriminately applied to places other than in north-eastern Victoria.

Aspect and topography also influence temperature over small areas. Northern aspects are warmer than southern. These effects are
discussed in some detail by Jacobs (1955). Temperature inversions can result from drainage of cold air from hill slopes into
hollows. The low temperatures in such frost hollows or cold-air-drainage valleys can be severe enough to prevent the
establishment of trees and shrubs, particularly at higher elevations. (Costin 1957a).



Humidity

Table 2 - Average 9 a.m. Relative Humidities (per cent.)

Station No. of
Years of
Record

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year

Albury 33 47 52 58 68 81 87 87 81 69 60 52 47 66
Hotham
Heights

9 65 65 69 73 74 86 94 91 83 73 65 66 75

Omeo 31 58 64 73 79 85 89 88 82 73 67 61 57 73

Table 2 shows the average monthly relative humidity at 9 a.m. at Albury, Hotham Heights and Omeo.

Relative humidities are about 50 per cent in the north-west in summer, but are 10 to 20 per cent higher over the mountains. Being
generally inversely proportional to temperature, relative humidity increases steadily through autumn until maximum values are
recorded during winter.

Evaporation and Evapo-transpiration

Information on evaporation is not available for any station within the catchment but records for Hume Reservoir on the New
South Wales side of the dam wall and Bogong High Plains, just to the west of the catchment, are presented in Table 3.

Table 3 – Average Monthly and Annual Evaporation from Free Water Surface (inches)

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Hume Reservoir* 7.2 5.7 4.6 2.8 1.4 0.9 0.9 1.1 1.9 3.1 4.7 6.5 40.7
Bogong High Plains† 7.3 5.7 4.5 3.1 0.9 0.4‡ 0.4‡ 0.3‡ 0.6‡ 3.6 5.7 6.8 38.2

*  Data supplied by Commonwealth Bureau of Meteorology.
†  From Carr and Turner (1959).
‡  Evaporation from snow.

Evaporation at Bogong High Plains is higher than expected from saturation deficit indications (see below), probably because of
the strong and persistent winds which are a feature of the area.

Morland (1958a), has suggested that evaporation ranges from about 50 inches near Albury, to 20 inches to 30 inches at higher
elevations in the New South Wales Hume catchment. It seems that a range of from about 40 inches in the north-west to about 20
inches on the highest mountains would be reasonable for the Victorian Hume catchment.

Prescott (1938) has suggested that 21 X average daily 9 a.m. saturation deficit gives a close approximation to average monthly
evaporation from a free water surface. This relationship has been calculated for Hotham Heights, Omeo and Hume Reservoir and
the results are presented in Table 4.

Table 4 - Estimates of Average Monthly Evaporation (E = 21 X av. 9 a.m. sat. deficit) (inches)

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Hume Reservoir 6.8 5.4 3.6 2.1 1.0 0.7 0.7 1.0 1.7 2.5 4.0 6.3 35.5
Omeo 5.4 4.3 2.8 1.6 0.9 1.0 0.5 1.0 2.0 3.1 4.3 5.9 32.8
Hotham Heights 3.1 2.8 2.0 1.2 1.1 0.5 0.4 0.4 0.7 1.4 1.9 1.9 17.4

Potential evapo-transpiration is the amount of water evaporated and transpired from an area with full leaf cover and with soil
moisture non-limiting (Penman 1963). Potential evapo-transpiration has been estimated with Leeper's (1950) modification of
Thornthwaite's (1948) formula which is based on average monthly and annual temperatures. Because of the lack of a satisfactory
coverage of temperature recording stations, it was necessary to use the temperatures derived from the regression of average
monthly temperature on elevation.

Monthly potential evapo-transpirations calculated by this means for some localities are set out in Table 5.



Fig 5 – Regression lines of average monthly temperature on elevation



Table 5 - Monthly and Annual Potential Evapo-transpiration (inches) Calculated by Leeper's
modification of Thornthwaite's formula, (Leeper 1950)

Station Elevation
in feet

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year

Hume Reservoir 660 5.3 4.3 3.5 2.0 1.3 0.7 0.7 1.0 1.6 2.5 3.5 4.8 31.2
Tallangatta East 700 5.0 4.2 3.6 2.1 1.4 0.8 0.7 1.0 1.5 2.4 3.4 4.5 30.6
Corryong 1,000 4.9 4.0 3.5 2.0 1.3 0.7 0.7 1.0 1.4 2.4 3.3 4.4 29.4
Mitta Mitta 1,100 4.8 3.9 3.4 2.0 1.3 0.8 0.7 0.9 1.4 2.3 3.3 4.3 29.1
Nariel Upper 1,700 4.5 3.7 3.2 1.9 1.2 0.7 0.6 0.8 1.3 2.1 3.0 4.0 27.0
Koetong 2,000 4.3 3.6 3.1 1.8 1.1 0.7 0.6 0.8 1.2 2.1 2.9 3.9 26.1
Omeo* 2,100 3.7 3.2 2.7 1.7 1.0 0.6 0.6 0.8 1.3 2.0 2.7 3.5 24.5
Benambra 2,400 4.1 3.4 2.9 1.7 1.1 0.6 0.5 0.7 1.2 1.9 2.7 3.7 24.5
Bogong High Plains* 5,500 2.8 2.3 2.0 1.1 0.7 0.3 0.2 0.3 0.6 1.2 1.9 2.5 15.9
Hotham Heights* 6,100 2.8 2.3 2.0 1.1 0.6 0.3 0.2 0.3 0.6 1.1 1.7 2.4 15.4

*  Actual temperature records used

It is interesting to compare the potential evapo-transpiration derived by Thornthwaite's method with
evaporation as measured from a pan (Hume Reservoir and Bogong High Plains) and as estimated from
saturation deficits (Hume Reservoir Omeo, and Hotham Heights). This comparison is made in Table 6.

Table 6 - Comparison of Potential Evapo-transpiration with Evaporation (inches)

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Hume Reservoir 7.2 5.7 4.6 2.8 1.4 0.9 0.9 1.1 1.9 3.1 4.7 6.5 40.7

E (pan)
E  21 X SD 6.8 5.4 3.6 2.1 1.0 0.7 0.7 1.0 1.7 2.5 4.0 6.3 35.8
Pot. Et. (Thorn) 5.3 4.3 3.5 2.0 1.3 0.7 0.7 1.0 1.6 2.5 3.5 4.78 31.1
Omeo
E = 21 X SD 5.4 4.3 2.8 1.6 0.9 1.0 0.5 1.0 2.0 3.1 4.3 5.9 32.8
Pot. Et. (Thorn) 3.7 3.2 2.7 1.7 1.0 0.6 0.6 0.8 1.3 2.0 2.7 3.5 24.5
Hotham Heights
E = 21 X SD 3.1 2.8 2.0 1.2 1.1 0.5 0.4 0.4 0.7 1.4 1.9 1.9 17.4
Pot. Et. (Thorn) 2.8 2.3 2.0 1.1 0.6 0.3 0.2 0.3 0.6 1.1 1.7 2.4 15.4
Bogong High Plains
E (pan) 7.3 5.7 4.5 2.1 0.9 0.4* 0.4* 0.3* 0.6* 3.6 5.7 6.8 38.2
Pot Et (Thorn) 2.8 2.3 2.0 1.1 0.7 0.3 0.2 0.3 0.6 1.2 1.9 2.5 15.9

* Evaporation from snow.

Because soil moisture is not freely available throughout the year, actual evapo-transpiration should be
less than the estimates of potential evapo-transpiration.

If the plants are regarded as having a passive role in transpiration, then the total of water evaporated
and transpired should be closely related to the energy available for these processes. Evaporation from a
free-water surface should be similarly influenced. Thus there should be a close relationship between
potential evapo-transpiration and evaporation from a free-water surface. In general, in Table 6, the
values for potential evapo-transpiration as calculated by Thornthwaite's method are slightly lower than
values for evaporation from a free-water surface and estimates of evaporation from saturation deficits.
The high evaporation from Bogong High Plains station, which has been commented upon previously,
indicates the importance of wind in the evaporation and transpiration processes. However, the estimates
of evaporation from saturation deficits do not allow for the effect of wind, and in windy situations,
evapo-transpiration will be still higher.

Effect of Climate on Land-Use

Effect of Climate on Agriculture

(a) Effective Rainfall : Effective rainfall is the amount of rain necessary to initiate and maintain plant
growth. Figures of percentage frequency of occurrence of effective rainfall on a monthly basis, are
available for Tallangatta East, Corryong, Mitta Mitta and Omeo (Central Planning Authority 1949 and
1954). These are presented in Table 7.



Table 7 - Percentage Frequency of Occurrence of Effective Rainfall (from Central Planning
Authority 1949, 1954)

Station Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
Tallangatta East 38 48 54 73 90 99 99 95 93 88 60 54
Corryong 41 48 60 73 89 99 100 95 93 85 55 55
Mitta Mitta 52 50 70 76 90 100 99 95 99 90 68 65
Omeo 49 56 63 72 86 92 97 93 95 89 89 66

Tallangatta East and Corryong have similar figures and it is assumed that the open valleys in the north
follow this pattern. In this area, effective rainfall can be expected in 4 years of out 10 in January to 5
years out of 10 in February. In March, effective rainfall can be expected in about 5 to 6 years out of 10.
The chances of receiving effective rainfall increase in successive months until it is virtually assured in
June, July and August. The percentages then decrease until December, when effective rainfall can be
expected in about 6 years out of 10.

Mitta Mitta receives a higher rainfall than Tallangatta East and Corryong and has higher percentage
frequencies for each month. Only in January and February do the chances of receiving effective rainfall
decline to 5 years out of 10. This station can be regarded as typical of the upper-valley sections on the
major streams in the north of the catchment.

Although the average rainfall at Omeo is less than in the areas just considered, it is mainly the winter
rainfall which is lower. Being at a higher elevation than the northern valleys, it has lower temperatures
and evaporation rates. Thus, despite its lower annual rainfall, it is only in January that the chances of
receiving effective rainfall are as low as 5 years out of 10. Most of the agricultural land of the southern
tablelands would be similar.

(b) Temperature and Frost Effects in Agriculture: Low temperatures, such as occur during winter, can
restrict or completely inhibit plant growth. The commonly accepted lower temperature limit for active
plant growth is 50oF (Trumble 1939), and in a month with an average temperature below 42oF, plant
growth is negligible (Trumble op. cit., Manley, 1945). These limits are indicated on the graphs of
temperature in Figure 5. From these curves it can be seen that at the north-western end of the catchment
(Hume Reservoir, Albury) it is only in June, July and August that low temperatures restrict plant
growth, and they are not low enough to prevent it entirely. On the southern tablelands however, where
the only temperature records are for Omeo, plant growth is restricted for the five months, May to
September inclusive, and temperatures are low enough to prevent plant growth in July. At Hotham
Heights, which may be typical of much of the country at that elevation, active plant growth is restricted
in March, November and December, and there is no significant growth for the seven months from April
to October inclusive.

Frosts are an important feature of the climate when considering land-use, particularly for certain crops
such as maize and tobacco. The number of recording stations in the catchment is inadequate to provide
a general indication of the occurrence of frosts. Records for Albury, Hume Reservoir, Hotham Heights
and Omeo have been abstracted from "Frost in the Australian Region" (Foley 1945) and are presented
in Table 8.

On the basis of the 1930-39 data for Hume Reservoir and Albury, the open northern valleys have a
frost-free period from about mid-September to about the end of April. Omeo has a relatively short
frost-free period, extending from about late December to mid-January, however the mean deviation is
high, indicating that frosts may occur in any month. At Hotham Heights, frosts may occur at any time
of the year. This is typical of most of the high, open country.

Frost data should be considered in conjunction with the susceptibility to damage of the crop to be
grown, and account should be taken of the effect of local topography on the incidence of frosts.

Temperature data is collected at four feet above ground level. Generally, temperatures nearer the
ground will be lower, and above four feet they will be higher. The minimum temperature may occur at
some distance above actual ground level because of a dense layer of vegetation; for example, in a
thickly grassed pasture the minimum temperature may be at 10 inches above ground level. This should
be taken into account when frost data is being considered.



Maize and pumpkins are the two frost-sensitive crops most commonly grown in the north of the
catchment. The months of greatest frost risk for maize are from October to April inclusive, and for
pumpkins from September to April inclusive (Foley op. cit.). These are usually frost-free months in the
north of the catchment, but early sown crops could be damaged. Tobacco requires a frost-free period
from October to May inclusive. Thus, frosts would not generally be a limiting factor in tobacco culture
in the open northern valleys, but late maturing crops may suffer.

At Omeo and higher elevations, only frost-hardy crops can be grown with confidence.

Table 8 – First and Last frosts of the Season (from Foley 1945)

First 36oF First 32oF Last 32oF Late 36oF Average
frost-
free

period

Station

1* 2 3 1 2 3 1 2 3 1 2 3
Days

Albury May 17 11 Apr 15 June 15 12 Apr 30 Aug 1 15 Oct 23 Sept 9 14 Nov 10 249
Hume Reservoir May 13 15 Jan 3 June 28 15 May 25 July 29 12 Sept 26 Sept 13 12 Nov 3 241
Hotham Heights Jan 6 3 Jan 3 Jan 12 7 Jan 3 Dec 17 9 Dec 26 Dec 23 5 Dec 26 13
Omeo Feb 5 26 Jan 3 Mar 30 21 Jan 27 Nov 15 31 Dec 21 Dec 4 14 Dec 23 62

(c) Length of Growing Season. (Growth Patterns): The availability of soil moisture throughout the year
and the effect of low temperatures are two most important factors that influence the length of the
growing season.

One commonly used method of estimating the length of the growing season is to examine the records
of monthly percentage frequency of occurrence of effective rainfall (Table 7). The number of
consecutive months with frequencies of occurrence of effective rainfall of 50 per cent. or better,
indicates the length of the growing season.

On this basis, in the broad northern valleys (Tallangatta East, Corryong) there is a growing season of
10 months, from March to December inclusive, whilst in the upper-valley country (Mitta Mitta), one
may expect a full 12-month growing season and in the southern tablelands (Omeo) a season of 11
months.

Another way to estimate the growing season is to superimpose the graphs of average monthly rainfall
and average monthly potential evapo-transpiration. The effect of moisture stored in the soil in
maintaining plant growth after evapotranspiration exceeds rainfall should also be considered.

Graphs depicting the balance of available soil moisture have been drawn for Tallangatta East, Mitta
Mitta and Omeo for a range of soil-moisture-holding capacities (Figures 6, 7 and 8).

The graphs for Tallangatta East (Figure 6) indicate a surplus of rainfall over potential
evapo-transpiration from April to October (7 months). If available soil-moisture storage is 2 inches, the
growing season is extended to November (8 months), and if it is 4 inches the season extends into early
January (9 months).

At Mitta Mitta (Figure 7), rainfall exceeds potential evapo-transpiration from April into November, but
with 2 inches of soil storage the growing season is extended into December (9 months), and with 4
inches it is extended into January (10 months). Even with 6 inches of available soil-moisture storage,
the soils are dry in February and March in this area, so that a 10-month growing season is the most that
can be expected.

Although, at Omeo (Figure 8), there is not as much surplus water during the winter, precipitation still
exceeds evapo-transpiration from April to October. If available soil-moisture storage is 2 inches the
season will extend into December (9 months). With 5 inches of available soil-moisture storage, there is
no month in which the soil-moisture content is below wilting-point and thus in an average year plant
growth should not be limited by lack of soil-moisture.

As discussed previously, a monthly average temperature below 50oF results in restriction of plant
growth, and when below 42oF, there is no significant plant growth in that month. It is necessary then to



modify the growing seasons derived from considerations of soil-moisture availability. Average
monthly temperature curves are included in Figures 6, 7 and 8.

Average temperatures are below 50oF during June, July and August at Tallangatta East so that the
pattern of growth to be expected at that station is: Commencement of growth possibly early in April,
and continued steady growth until about the end of May, slow growth over June, July and August with
commencement of vigorous growth in early September that continues until soil-moisture limitations
occur in early December with only 2 inches of soil-moisture storage, or to early January with 4 inches
of soil-moisture storage.

At Mitta Mitta, low temperatures restrict growth during June, July and August and may extend from
late May into early September. The growth pattern expected is: Growth commences in early April and
continues at a steady rate until slowed by low temperatures in late May. In early September, as
temperatures rise, vigorous growth commences and continues until soil moisture becomes limiting in
December if soil-moisture storage is only 2 inches, or in January if there is 4 inches of available
moisture stored in the soil.

The Omeo temperature graph indicates that no growth occurs during July and growth is restricted
between late April and late September. If only 2 inches of stored soil moisture is available, growth
commences in early April, but by the end of April is slowed by low temperatures. In late June, growth
ceases, and recommences in late July but is slow until late September, after which active growth
continues until soil moisture becomes limiting in December. If 5 inches of stored soil moisture is
available, there is no limitation of growth through insufficient soil moisture, and the pattern is: Active
growth from late September to late April when low temperatures retard growth, and from late June to
late July there is no significant growth; growth recommences in late July and slowly increases as
temperatures rise, and become active again in late September.

These comments on the growing season can apply only to plants which are capable of making use of
the suitable conditions for growth. Generally these are perennials or annuals in which the life cycle is
controlled by availability of soil moisture. The patterns of growth discussed above may be expected in
the permanent pastures in those areas.

The growth of frost-sensitive crops must obviously be restricted to the frost-free period which, in most
localities, involves a period of soil-moisture deficiency. The successful growth of such crops, therefore,
usually involves supplementary irrigation.

The amount of soil which the plant roots can exploit influences the availability of moisture to the
individual plants. Deeply-rooting species, such as lucerne, have a decided advantage over
shallow-rooting species. Trees and shrubs which have deep or otherwise extensive root systems are
able to obtain moisture to maintain their green tissues throughout the dry period, although there may
not be sufficient to permit active growth. In areas where soil moisture may become limiting even to
trees, competition for moisture results in the trees being more widely spaced, because a greater amount
of soil is required by each. The occurrence of woodland forms of vegetation in dry areas and dense
forests in high-rainfall areas illustrates this relationship.

The evapo-transpiration figures which are involved in the foregoing growth-pattern studies, are based
on the assumption that the site has a complete leaf cover. Clean cultivation, such as is practised in
row-cropping, orchards and vineyards, is aimed at reducing transpiration by unwanted vegetation and
increasing the amount of soil moisture available for the cultivated plant. Therefore, such crops will not
follow the growth patterns discussed above.



Fig 6 – Patterns of growth at Tallangatta East, as influenced by rainfall, evapo-transpiration,
temperature and soil-moisture storage

Fig 7 – Patterns of growth at Mitta Mitta, as influenced by rainfall, evapo-transpiration,
temperature and soil-moisture storage.



Fig 8 – Patterns of growth at Omeo, as influenced by rainfall, evapo-transpiration, temperature an
soil-moisture storage

Effect of Climate on Water Supply

The two dominant forms of precipitation in the hydrologic cycle are rain and snow. Over the country
below about 3,500 feet elevation, summer rain contributes little to stream flow except for occasional
flash run-offs following heavy storms. Autumn rains must first saturate the dry soils before water
becomes available for stream-flow. Generally, the soils at lower elevations in lower-rainfall areas need
more rain to satisfy the soil-moisture deficit than do soils at higher elevations. Examination of the
balance between potential evapo-transpiration and precipitation for country of different elevations
indicates that in an average year, soils above about 3,500 feet are never far below field capacity so that
at these elevations rain can contribute to stream-flow at most times of the year.

The storm intensity affects the rate at which the water arrives at a stream. Gentle rains, during which all
the water penetrates the soil, result in slow and prolonged yield, whereas water from heavy rains will
reach streams rapidly, a large part of it by overland flow. This causes short-duration high-peak flows.

Most of the water that contributes to stream-flow falls in the cooler months. The co-incidence of higher
rainfall with lower losses due to evapo-transpiration, such as occurs with the type of climate prevailing,
makes for relatively high percentage yield of water in relation to precipitation.

Over half, and at times as much as three-quarters, of the water falling on the catchment never reaches
the streams. The average annual quantity of water falling on the catchment is about 8 million acre-feet
of which, on the average, only a little over 2 million acre-feet reaches the reservoir annually. Almost all
the loss is the result of evapo-transpiration. A comparison of the proportion of precipitation which
reaches streams for several Victorian rivers is given in Table 9. These figures illustrate the high
proportional loss caused mainly by evapo-transpiration in low-elevation catchments.



Table 9.-Run-off as a Proportion of Precipitation for Selected Streams for the period 1943-1948
(State Rivers and Water Supply Commission, 1954)

Stream Average
Precipitation

(inches)

Percentage of Area
above 4,500 feet

Percentage of
Precipitation which
appears as Stream-

flow
Murray River at Jijellic 34 12 39
Mitta Mitta River at Tallandoon 37 6 23
Broken River at Goorambat 29 Nil 8
Glenelg River at Balmoral 26 Nil 11

Values of potential evapo-transpiration, based on Leeper's modified Thornthwaite formula have been
used to estimate the extent of losses arising from the combined effects of evaporation and transpiration
in the catchment.

The direct relationship between potential evapo-transpiration and average temperature demonstrated by
Thornthwaite, indicates the importance of the effect of temperature on the water balance. It also
emphasises the importance, to the functioning of the catchment, of the higher-elevation country, where
not only is the rainfall higher, but also temperatures and therefore evapo-transpiration are lower.

The areas in which snow forms an important part of precipitation are largely those above about 4,500
feet elevation. Snow is more valuable than rain, as winter precipitation in these areas, because it acts as
its own storage. Rain, on falling, immediately starts to move towards the streams, but as snow, large
quantities of water are withheld from streams until warmer weather. The late availability of this water
helps to maintain stream-flows throughout the drier months. As the peak demand for irrigation is in the
drier months, the snow fields are a valuable water resource.

The study of snow accumulation and snow-melt is one of the most promising fields for hydrologic
research. Some preliminary investigations have been made in the Kosciusko area by Costin, Gay,
Wimbush and Kerr (1961).

The estimated proportions of total stream-flow contributed by various parts of the catchment are
presented in Table 10.

Table 10 - Proportions of Total Stream-flow Contributed by Various Parts of the Catchment

Area or Elevation Range As a Percentage of
Catchment Area

Potential contribution to
Stream-flow as a

Percentage of Total Yield

Run-off
(ac. ft/sq. mile)

Below 1,500 feet 19 5 150
1,500 feet -  3,500 feet 58 52 530
Above 3,500 feet 23 43 1,090
Above 4,500 feet 8 18 1,385
Cleared land (approx) 30 7 163

Clearly, the most valuable water-source area is that above 4,500 feet. Although it is only 8 per cent of
the catchment, it produces about 18 per cent. of the total water yield. However, half of the total yield is
derived from the country between 1,500 feet and 3,500 feet because, although yield per square mile is
not high, this involves more than half the catchment. The country above 3,500 feet produces a little less
than half the total yield from about a quarter of the catchment. The low yields from the cleared land
and country below 1,500 feet, indicate that any conservation activities in this area, aimed at reducing
run-off, will not make much difference to stream-flow. The increased production from rain water, used
where it falls, is more valuable than when applied as irrigation water, as it does not involve capital
expenditure for storage and distribution.

The high yield of water from country above 4,500 feet may justify the expenditure of much money and
effort to improve the hydrologic characteristics of the area. Modifications to vegetation and land-use
practices could improve both the water yield and the timing of its delivery. Costin et. al. (1961) have



shown the value of the open woodland type of vegetation on country at these elevations in trapping
snow and delaying snow-melt. Costin, Wimbush and Kerr (1960) showed the importance of dense,
continuous ground cover in reducing surface run-off and soil loss in such areas. Although little or
nothing can be done at present to modify the climate to improve the water supply from the catchment,
much could be done to improve the hydrologic condition of the catchment and so make better use of
the climate.

Climate in Relation to Erosion

High-intensity rain starts most of the serious erosion that occurs in the catchment. Rainfall intensity,
expressed as average rain per wet day, whilst not indicating actual storm intensity is the nearest
approximation to it available. Rainfall intensity has been discussed previously and graphs of average
rain per wet day for Tallangatta East, Corryong, Mitta Mitta, Omeo and Hotham Heights are shown in
Figure 3.

The condition of the land, on which high intensity rain falls, is critical. Land carrying a dense sward of
grass or having other protective cover, such as deep forest litter, is not likely to be eroded by severe
storms.

The patterns of growing seasons, discussed previously, show that in most agricultural localities in the
catchment, plant growth ceases in February and March. At Mitta Mitta and Tallangatta East, the
highest values of average rain per wet day occur in these months. At Omeo and Corryong, although
average rain per wet day in February and March is not as high as for the other stations, it is still higher
than for other months. The occurrence of the peak rainfall intensities during the months when plant
growth has ceased indicates that February and March are critical months for water erosion. The remedy
is to maintain as dense a ground cover as is practicable. Careful grazing management of the pastures in
summer is necessary, particularly on sloping land, so that overgrazing does not reduce cover below safe
limits.

The high February peak of average rain per wet day at Tallangatta East probably indicates a
particularly high hazard in that month. The fact that erosion is not a serious problem in that area
indicates sensible management of grazing of summer pastures.

The Hotham Heights curve of average rain per wet day has a high peak in March. Generally at this
elevation, monthly potential evapo-transpiration never exceeds precipitation and the main limiting
factor for plant growth appears to be low temperatures. Growth should still be active in March, when
the highest rain per wet day figure occurs ; thus water erosion is unlikely to occur in this area, unless
ground cover is severely reduced, although the hazard is high.

The average rain-per-wet-day figures are based on average rainfalls, so that damagingly high intensity
rain will not occur in these months in every year, and a Persistently over-grazed area could even escape
erosion for some time. However, the onset of serious erosion probably needs only one season with the
appropriate combination of high-intensity rain on poorly protected soil. Once a gully head is
established in sloping country it will continue to erode even with only small flows.

Heavy rain on an already saturated soil may also lead to substantial run-off and erosion. The
soil-moisture curves (Figures 6, 7, 8) indicate that at Tallangatta East, soil reaches saturation in about
June, with moisture-storage capacities of 2 inches or more, and remains so until October. During this
period rainfall intensities are not high, so that on the average, the risk of starting erosion is not as great
in these months. At Mitta Mitta, the soil is saturated from May or June, depending on moisture-storage
capacity, through to October. The small peak of rainfall intensity in June at Mitta Mitta may indicate
higher-than-usual risk of erosion starting in that month through heavy rain falling on saturated soil.
Conservative grazing of autumn growth to retain substantial ground cover through June would help to
minimize the risk. The Omeo soil-moisture curves indicate that soils are saturated from June or July to
October. The rainfall intensities over this period are generally low so that the risk of erosion starting is
not as high as in late summer.

Prolonged steady rain, much of which is absorbed by the soil, can lead to mass movement of soil on
steep slopes, mainly by slumping and earth flows. Water accumulating above an impeding horizon,
such as shelving rock, forms a semi-fluid slip zone over which the surface mass can move. Although in



extreme examples, large masses of earth complete with trees may slump, it is more usual for small
treeless areas, up to about one acre, to be affected. The general lack of mass movement of earth on
forested areas, even where slopes are steep, indicates the importance of the bonding effect of strong,
deep roots in these situations. However, other factors are probably also involved. Forests, as
deep-rooted perennial vegetation, are able to dry the soil to a greater depth than shallow-rooted annual
pastures. Furthermore, in summer and early autumn, when the annual pastures have dried off, there will
be little moisture withdrawal from the soil, other than by evaporation from a relatively shallow layer of
top-soil. Thus, soils under annual pasture will accumulate soil moisture from substantial rains in this
period, and will become saturated sooner than forest soils under similar rainfall conditions. For the
purpose of preventing mass movement of soil on steep slopes, forest is better than perennial pasture
which is better than annual pasture.

Frost can be a powerful agent of erosion, particularly in the sub-alpine and alpine areas where frost
action on bare soil causes the surface to crumble and become powdery. In this condition, it is easily
eroded by the strong and persistent winds which are so prevalent at these elevations. As frosts may
occur at any time of the year in the sub-alpine and alpine tracts, this form of erosion may occur
throughout the year where bare soil is exposed. It is prevented by complete ground cover. Batters of
roads, race-lines and other earthworks should be revegetated as rapidly as possible to prevent frost
action and erosion.


