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Climate change during the twentieth century





There are many geological and ecological evidences that Australia has been subject to past climatic change (Kershaw 1995).  Since the commencement of meteorological data collection in the 1880s, several climate changes have been quantitatively demonstrated (Sturman & Tapper 1996).  There is also a growing body of evidence that climate changes associated with global warming are occurring contemporaneously (Healey 1997).  In comparison to both the long-term record and contemporary global warming, the changes over the last century have been minor, but will be examined in this paper.  The indicator of climate change that will be considered here is that of precipitation.  Over the last 120 years, there have been three distinct rainfall regime eras, with 1895 and 1945 being the years when the rainfall characteristics changed.





Several authors have demonstrated the existence of precipitation changes in south-eastern Australia during the last century.  Both Deacon (1953) and Kraus (1954) found that the precipitation for the region incorporating the Alpine National Park increased during the mid 1890s by between ten and twenty per cent.  Kraus found that the summer (December to February) precipitation of south-eastern Australia showed marked increases after about 1890 or 1895, that there was a gradual decrease in winter precipitation after the 1900s, and that there was an “extremely marked decline” in precipitation in spring and autumn since the 1880s (Kraus 1954 : 593).  The cause of the climatic change in south-eastern Australia in the early 1890s has been attributed to a difference in the character of the annual variation of atmospheric pressure by Deacon (1953 : 217), and by Kraus to “an increase in the intensity of the upper westerlies [air stream] to a maximum at about 1900 and a following decrease” (Kraus 1954 : 591).





The second precipitation change in south-eastern Australia has been demonstrated by Kraus (1963) and Pittock (1975).  Kraus extended his earlier study and demonstrated that during the second half of the 1940s there was a return to the wetter precipitation regime that had existed prior to the early 1890s.  The trend was thought to have resulted from a decrease in the mean vertical gradient of the atmospheric cooling rate.  However, Gentilli (1971 : 209) warned “that most of the increase [was] due to the extraordinary rainy year 1950 and to the rainy biennium 1955-1956”.  Pittock (1975 : 498) analysed the mean monthly and annual precipitation values by producing mass residual curves for 107 Australian meteorological districts for the years 1913 to 1974 inclusive.  From those analyses Pittock found that many of the 107 regions demonstrated a major increase in annual precipitation occurred around 1945 or 1946.  The region covering the Alpine National Park was shown to have received between ten and twenty per cent more precipitation during the 1946 to 1974 period in comparison to the 1913 to 1945 period (Pittock 1975 : 502).  Pittock related the trends in precipitation between the 1910s and 1970s to the annual mean sea level pressure at Darwin in northern Australia, and suggested “that climatic variations in eastern Australia, at least on the time-scale of decades, are associated with variations in the amplitude of the standing wave pattern of the general circulation of the atmosphere” (Pittock 1975 : 503).





Both Deacon (1953) and Pittock (1975) have produced maps of south-eastern Australia that have suggested that the precipitation in the Alpine National Park decreased by between ten and twenty per cent during the early 1890s, and increased by a similar amount during the mid 1940s.  In order to verify these claims, trends in the precipitation data for the Bogong High Plains section of the Alpine National Park were sought.





The Bogong High Plains are the largest plateau of alpine and subalpine environment in the Victorian Alps and are located between 36o47’ and 37o South and 147o10’ and 147o26’ East.  For the purposes of this paper, the summit areas of Mounts Bogong, Feathertop and Hotham will be considered as part of the Bogong High Plains area.  Precipitation data from this region was obtained from the Bureau of Meteorology, and it was found that useable precipitation data existed for Harrietville (1903 to present), Smoko (1921 to 1972), Hotham Heights (1925 to 1952) and Bogong township (1938 to present).  Annual and seasonal data for each of these stations were then analysed.





The method of analysis used was the ‘cumulative residual’ or ‘residual-mass curve’ technique advocated by Kraus (1956).  A residual-mass curve is an amplification of the double-mass curve technique (Searcy & Hardison 1960) and following the methodology of Kraus is derived by:  calculation of the mean precipitation value for the total record, subtraction of the mean value from each individual value, cumulation of the differences between the individual and mean values, and the production of a plot of the cumulated residuals against time.  No statistical tests for significance are available for this method but the value of the residual-mass curve technique is that it produces striking visual breaks in the hydrological parameters plotted (Kraus 1956).





Unfortunately, it was not possible to identify the existence of a climatic change around 1895 due to a lack of suitable data.  However, data for four precipitation stations surrounding the Bogong High Plains spanned the reported climatic change of the 1940s.  Residual-mass curves for Bogong, Hotham Heights, Harrietville and Smoko are given in Figure 1 and are very similar to those in south-eastern Australia produced by Pittock (1975).  Both sets of curves display a prominent downward trend between the 1910s and the mid 1940s and a generally upward trend after that date.  Pittock has interpreted his results to indicate that a climatic change occurred around 1945, and the precipitation stations of the Bogong High Plains area also reflected that phenomenon.  The mean increase in annual precipitation for the four stations after 1945 has been calculated to be 11.2%.





In order to determine whether the climatic change of the 1940s was more prominent in some seasons than others, residual-mass curves for summer (December to February), autumn (March to May), winter (June to August) and spring (September to November) were drawn.  The precipitation records for Bogong, Harrietville and Smoko were partitioned into seasonal data, and the results are given in Figure 2.  The summer, autumn and winter seasons did not show any noticeable changes during the 1940s but the spring season did.  Slight increases in the mean precipitation of the three stations were found in every season after 1945, but the precipitation during the spring months increased by 20.7%.  The mean precipitation increase after 1945 for the summer quarter was 12.6%, for autumn was 14.7%, and for winter was 4.4%.  Hence, it can be seen that the precipitation of the Bogong High Plains area increased after 1945, mostly between the months of September and May, particularly during the spring quarter, and minimally during the winter months.  Not only did the total precipitation regime increase after 1945 but the seasonal distribution of the precipitation also changed.
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FIGURE 1	Residual-mass curves of mean annual precipitation data for four stations 


in the Bogong High Plains area.  Source : Lawrence (1990).
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FIGURE 2	Residual-mass curves of seasonal precipitation data for three stations 


in the Bogong High Plains area.  Source : Lawrence (1990).








Climate Change and Bushfires





The role of climatic change on contemporary bushfire regimes is not a topic that has received a lot of attention.  Whereas the climatic conditions that produce bushfire hazards in Australia are widely known (Luke & McArthur 1978) and the effect of long-term climatic change on vegetation type and fire regimes is the subject of ongoing research (Kershaw 1995, Jones 1996), the relationship between the minor precipitation changes just outlined and the frequency and intensity of bushfires in Australia have not really been addressed.  For the Bogong High Plains area of the Alpine National Park, there is an apparent relationship between the incidence and distribution of bushfires and the precipitation conditions over the last century.





The bushfire history of the Bogong High Plains has been outlined by Lawrence (1998) and is summarised in Table 1.  It was during the mining era of the 1870s and 1880s that fire became a feature of the area surrounding the Bogong High Plains.  Most of the fires of that period were deliberately lit by prospectors who sought to expose the underlying geology and auriferous deposits.  It is noteworthy that those fires did not burn large tracts of forest and the low intensities of those fires may have been due to the moist precipitation regime of the time.








Year�
Geographic area burnt�
Area (km2)�
�
1851�
Much of Gippsland but probably none of the Bogong High Plains�
-�
�
1870s�
Cobungra Valley near Darbalary Hut burnt accidentally by grazier�
~1�
�
1885�
Big River Valley burnt deliberately to aid in gold prospecting�
25?�
�
1880s�
Upper Ovens Valley burnt deliberately to aid in gold prospecting�
75?�
�
1890�
The vicinity of Harrietville township burnt by escaped miners fire�
15?�
�
1901�
Upper Kiewa valley & northern face of Bogong High Plains�
~60�
�
1914�
Northern section of the Fainter Spur and West Kiewa Valley�
~40�
�
1919�
Most of the valley of Middle Creek�
75?�
�
1923�
Northern section of the Fainter Spur�
30?�
�
1926�
Much of the Ovens, Kiewa & Big River valleys and northern section of the Bogong High Plains�
~650�
�
1927�
Area between the Bundarrah and Cobungra Rivers�
60?�
�
1932�
Southern section of the West Kiewa Valley�
25?�
�
1939�
About 90% of the Bogong High Plains area and adjacent valleys, particularly between Harrietville, Mt Hotham and the Cobungra area�
~1500�
�
1944�
Middle Creek area deliberately lit for track clearance�
10?�
�
1952�
Lower West Kiewa area burnt accidentally by construction workers�
5?�
�
1950s�
Area south of Mt St Bernard & also area south of Mt Bogong�
20?�
�
1965�
Area west of Spion Kopje and West Kiewa valley near Mt Jim�
~5�
�
1983�
Many parts of Eastern Victoria & small patch in Cobungra valley�
5?�
�
1986�
Small fires around Mts Bogong, Nelse, Niggerhead & Feathertop�
~5�
�



TABLE 1	Summary of the geographic distribution of major bushfires in the Bogong High Plains section of the Alpine National Park.  Source : adapted from Lawrence (1998).





During the first half of the twentieth century, about nine fires affected the Bogong High Plains area (Table 1), which is twice as many fires as for the previous half century.  Two of those fires were particularly widespread and severe.  In February 1926, high temperatures, low relative humidities and strong winds followed a very dry year and resulted in several bushfires in Victoria.  In the Alpine National Park, about 650 square kilometres on the northern face of the Bogong High Plains were burnt by the 1926 fires.  Thirteen years later, similar climatic conditions occurred in January 1939 when about one-third of Victoria was burnt by fire.  At that time, about 1500 square kilometres of land on and around the Bogong High Plains was affected by fire.





Most of the fires that burned during the first half of the twentieth century were deliberately lit (Stretton 1946).  Many of those fires were lit by graziers who believed that the quality of the feed for their stock was enhanced by burning.  Some of those fires then burned out of control.  The fact that these fires occurred at a time when there was reduced precipitation is not insignificant.  There is an apparent correlation between the period of lower precipitation between 1895 and 1945 and both the increased incidence of bushfires and the geographic spread of those fires.





It is notable that the number of fires in the Bogong High Plains area during the second half of the twentieth century is lower than for the first half, and that those fires have burned less area (Table 1).  There are two probable reasons for this : firstly, the post-1940s era has been more moist than the previous 50 years and, secondly, there has been an increased emphasis on fire suppression activities by local fire fighting authorities since the 1939 fires.  The Ash Wednesday fires of 1983 burnt adjacent alpine and subalpine areas but did not affect the area east of the Alpine Road between Harrietville and Mt Hotham.  The absence of any significant fires in the Bogong High Plains area since the 1940s is largely due to the desire to protect the timber resources of the area, and to obtain optimal operational conditions for the Kiewa Hydro-Electric Scheme.





It is suggested that the intensity of fires in the Bogong High Plains area since the 1850s has been largely climatically controlled.  The drier period between 1895 and 1945 experienced more intense fires than during the decades before or after that period.  By contrast, the frequency of fires in the Bogong High Plains area can be explained by reference to both precipitation and land use factors.  The high frequency of fires during the 1870s and 1880s was mainly associated with mining activities, and would have occurred independently of any climatic regime.  The high frequency of fires between the 1900s and the 1940s was probably related to the reduced precipitation conditions being conducive to the spread of fires that had been deliberately lit.  The low frequency of fires since the 1940s has been mostly driven by economic factors.








Land Use Responses to Climate Change





It may be argued that the relatively dry climatic conditions experienced in the Alpine National Park during the first half of this century were not only related to the fire history of that era, but also the grazing history.  Bushfire occurrence is usually, but not always, an indicator of antecedent drought conditions.  Cabena (1980) examined the years when drought conditions affected the Victorian alpine region and found that 1885, 1895, 1902, 1908, 1914 and 1929 were particularly dry years in Omeo.  Lawrence (1990) also found that drought conditions occurred at Harrietville in 1914, 1938, 1940, 1944, 1966 and 1982.  Cabena (1980) argued that the years of severe drought conditions were sometimes coincident with pronounced grazing activity.





The grazing history of the Bogong High Plains area of the Alpine National Park has been detailed by Lawrence (1995, 1998).  For the purposes of this paper, the main points to note are the large numbers of stock that were sent to the Bogong High Plains area during the drought years mentioned above.  During the 1884/85 summer, about 20 000 sheep were grazed on the Bogong High Plains and the Mt Hotham summit areas.  Over the 1902/03 summer, graziers depastured approximately 40 000 sheep in addition to cattle on the Bogong High Plains and surrounding peaks.  During the 1907/08 summer, 12 000 head of cattle (as well as sheep) were sent to the Bogong High Plains area.  Again during the 1914/15 summer, about 40 000 sheep (in addition to the cattle) were depastured on the Bogong High Plains and surrounding peaks (Cabena 1980).





These numbers of stock should be seen against the background of regular grazing practices.  Although data on stock numbers grazing the Bogong High Plains area for individual summers prior to the mid 1940s is not available, grazier recollections can provide a guide to annual practices.  It seems that stock on the Bogong High Plains and surrounding peaks slowly increased from minimal numbers in the 1860s to about 1000 head during the 1880s.  During the 1890s, 1900s and 1910s, between 5000 and 10 000 head of stock grazed the area, and during the 1920s and 1930s about 10 000 cattle were regularly sent to the Bogong High Plains area each summer.  Following the introduction of grazing regulations in the early 1940s, numbers of cattle grazed in the area declined from 9000 head during the late 1940s to about 2000 head in the late 1990s (Lawrence 1995).





It is evident from these figures that between the 1890s to 1940s grazing activity was higher than for those decades either before or after that time.  The numbers of stock regularly grazed on the Bogong High Plains and surrounding peaks was around 10 000 during that era, and the occurrence of severe droughts in 1884/85, 1902/03, 1907/08, 1914/15, 1925/26 and 1938/39 resulted in the grazing of large numbers of stock in addition to the regular numbers during the same period (Lawrence 1998).  It is not insignificant that this was also the period of relatively low precipitation.  The drier decades between the mid 1890s and mid 1940s resulted in a number of severe droughts that, in turn, resulted in the grazing of large numbers of stock in the Bogong High Plains area.





Grazing is not the only land use that has impacted on the alpine region, as mining activities, recreational pursuits, silvicultural practices and water resource development have all played a major role in the history of the Bogong High Plains section of the Alpine National Park.  Mining for auriferous deposits was particularly important in the late nineteenth century, and tourism, forestry and hydro-electricity production predominantly occurred during the second half of the twentieth century.  However, unlike these land uses, grazing practices have continued throughout the entire European history of the Victorian alps.  Fluctuations in regular and spasmodic (drought-induced) grazing activities seem to be related to the prevailing precipitation regime of the time.  The decades of relatively low precipitation were also the decades when grazing activity peaked.








Vegetation Responses to Land Use Changes





The precipitation and land use trends evident in the Bogong High Plains area over the last 150 years have been accompanied by changes in the extent, composition and structure of the vegetation of the area.  Lawrence (1998) has qualitatively examined trends in vegetation type and extent of the Bogong High Plains area between the 1850s and 1950s, and Wahren et al. (1994) have quantitatively demonstrated changes to the grassland and heathland communities in the same area from 1945 to 1994.  From these two papers, the following trends have been identified.





Snow gum (Eucalyptus pauciflora) woodlands appear to have maintained their geographic distribution in the subalpine environment of the Bogong High Plains area since the 1850s, but their structure has been modified by the many fires that have burnt the area.  Heathland communities were not a conspicuous feature of the area until the early twentieth century, after which they colonised and continued to dominate areas disturbed by land uses such as excessive grazing activities.  Grassland communities have always featured in the Bogong High Plains area, but there has been a decline in the extent of grassland cover associated with the spread of heathlands.  However, when the heathlands senesce after several decades, they are colonised by grasses if they are not subject to ongoing disturbance factors such as grazing.  Mossland communities were once extensive along the valley floors and moist areas of the Bogong High Plains but their geographic extent declined noticeably during the first half of the twentieth century.  The combined factors of fire and grazing have been responsible for the invasion of heathlands onto areas previously occupied by grassland, the decline in the extent and wetness of mossland communities, and the emergence of large tracts of bare ground.  Photographic and documentary evidence indicates that the summits of Mt Bogong, Mt Feathertop, Mt Hotham and parts of the Bogong High Plains carried more exposed ground than vegetation cover during the 1930s.  There has been a slow but noticeable amelioration in the overall ground cover since the 1940s.





The trends in vegetation just described can be examined in relation to the fire and land use activities outlined in this paper.  The increased incidence and distribution of fire, combined with the elevated numbers of stock grazed during the early decades of the twentieth century, took its toll on the vegetation of the Bogong High Plains area.  The sheep, cattle and horses that were depastured in the area at that time appear to have reduced the vegetation cover to a minimum.  Van Rees (1984) demonstrated that cattle eat plants from heathland, grassland and mossland communities as well as snow gum leaf material, but usually feed on grasses, forbs and sedges.  It seems that during the years when large numbers of stock were depastured in the Bogong High Plains area that the stock broadened their diet and ate most available plants.





The presence of large numbers of stock on the Bogong High Plains area during the first half of this century had major ramifications for the mossland communities.  Mossbeds are the primary source of drinking water for stock (van Rees 1984).  The large numbers of stock produced a high demand for water, and the mosslands were inevitably utilised to meet this need.  Once the stock established tracks into the mosslands, water began to flow along these routes and was no longer contained in the mossbeds.  This, in turn, caused the mosslands to both dry out and become vulnerable to fire.  Several mossland communities were reported to have been burnt by both the 1926 and 1939 bushfires.  It appears that the coverage of mosslands on the Bogong High Plains and surrounding peaks was reduced to a minimum during the 1930s and 1940s.





It is not coincidental that the decades when both fires and grazing activities peaked were the years when ground cover declined, eroded areas increased, heathland communities gave way to grasslands, and mossland communities showed evidence of deterioration.  This was also the period when there was relatively low precipitation levels and increased incidence of drought.  Even if fires and grazing activities had not been as severe as they were during the early decades this century, it is likely that the vegetation in the Bogong High Plains area would have been stressed due to the prevailing climatic regime of the time.  It is likely that the movement of stock into the area during those years added extra pressure to the alpine and subalpine vegetation communities already under stress.  Furthermore, Figure 2 indicates that the precipitation levels were particularly low in the spring months during the 1930s.  The spring months are the main growing season of the alpine and subalpine vegetation.  It appears that the vegetation of the Bogong High Plains was vulnerable to deterioration due to a combination of low precipitation during the growing season and land use factors at this time.  The resultant deterioration of the alpine and subalpine vegetation is what ultimately caught the eye of land managers.





Since the 1940s, there has been a reduction in fire damage and grazing activities.  This coincided with an improvement in vegetation cover, albeit after a lag period of a few decades.  Wahren, et al. (1994) argued that, in the absence of grazing activities, it took about 40 years for shrubs established after the 1939 fires to senesce and be replaced by grasses.  This lag time has increased to more than 60 years for shrubs that continue to be grazed.  There has been a slight improvement in the areal extent of mossland communities since the 1940s (McDougall 1989).  This improvement in the cover of alpine and subalpine vegetation has occurred at a time when the precipitation regime was relatively good.





It is interesting to speculate on what would have happened to the environment of the Bogong High Plains and surrounding peaks had the precipitation regime remained constant over the last 150 years.  In this scenario, it is possible that the combined factors of fire and grazing may not have been so problematic.  If the drought years early this century had not occurred in south-eastern Australia, large numbers of stock may not have been depastured in the area and bushfires may not have been so frequent and extensive.  In turn, the vegetation of the area may not have been subjected to both overgrazing and fire, and may have continued to grow in optimal conditions.





It is also interesting to speculate on the ramifications of the present trend in global warming on the alpine and subalpine environment.  Given that the area is now contained within the Alpine National Park, and that grazing numbers have been regulated and in decline over the last 50 years, it is unlikely that the area will ever be revisited by such large numbers of stock.  However, bushfire incidence may increase, and this may in turn lead to the disturbance of large tracts of land and the continuing dominance of heathlands over grasslands.  If grazing numbers remain low or are phased out totally, and if other land uses such as recreation pursuits do not replace stock as the disturbing agent, then it is possible that the alpine and subalpine communities may complete the cyclical process of heathland to grassland transfer in spite of the possibility that global warming may result in reduced precipitation.
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