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ABSTRACT: Droughts are a key feature of Australia’s climate and can lead to water shortages, crop failure and economic 
instability. Historical droughts are an important source of information to better understand recent droughts and how they might 
be managed. However, the majority of studies into Australian drought only consider dry periods in the 20th and 21st centuries. 
Here, a newly developed gridded rainfall dataset from the Bureau of Meteorology and a network of historical rainfall stations 
are used to re-examine the short but sharp Centennial Drought of 1888. The Centennial Drought is explored on a monthly 
scale, highlighting key periods of rainfall deficiency, and identifying the impacts of relevant atmospheric circulation patterns. 
The most significant rainfall declines occur in autumn and spring and are likely to be the result of an El Niño event, a positive 
Sub-Tropical Ridge intensity anomaly, and seasonal fluctuations of the Southern Annular Mode. Comparing the Centennial 
Drought to other short droughts of 1914–15, 1982–83 and 2017~ indicates that the magnitude of the rainfall deficiencies and 
widespread spatial extent are comparable, placing the Centennial Drought alongside some of the most severe short droughts in 
Australia’s colonial climate history.
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DROUGHT IN SOUTHEASTERN AUSTRALIA

Recently, large regions of southeastern Australia (SEA) 
have experienced very much below-average, long-term 
rainfall declines and severely limited water resources. 
The year 2019 was the driest on record for Australia, and 
the 34-month period from January 2017 to October 2019 
was the driest on record for New South Wales and the 
Murray‒Darling Basin (records beginning in 1900; Bureau 
of Meteorology 2019). While good rainfall in 2020 has 
provided relief to many drought-affected regions of SEA, 
water storages of the Northern Basin remain low, and, at 
the time of writing, long-term rainfall deficiencies persist 
in northern New South Wales and southern Queensland 
(Bureau of Meteorology 2020a). The evolution and 
severity of drought in SEA is influenced by a range of 
meteorological and climatological factors, including the 
El Niño ‒ Southern Oscillation (ENSO), the Indian Ocean 
Dipole (IOD), the Southern Annular Mode (SAM) and the 
Sub-Tropical Ridge (STR) (Murphy & Timbal 2008). 

ENSO is a primary driver of interannual rainfall 
variability in SEA (Dey et al. 2019; Nicholls 1987, 1989), 
modulating precipitation most significantly in winter and 
spring (McBride & Nicholls 1983; Risbey et al. 2009; 
Verdon-Kidd & Kiem 2009). An El Niño event corresponds 
to negative sea surface temperature (SST) anomalies in the 
west Pacific Ocean and generally results in reduced rainfall 
and drought conditions across eastern Australia (Power et 
al. 1998).

The IOD describes SST anomalies in the Indian 
Ocean and influences rainfall patterns in southern 
Australia between June and October (Ashok et al. 2003; 
Saji et al. 1999). A negative IOD phase describes warm 
SST anomalies to the northwest of Australia, typically 
increasing the progression of tropical moisture and rainfall 
into SEA. However, the effects of the IOD and ENSO are 
not entirely independent (Li et al. 2016; Meyers et al. 2007; 
Nicholls 1989, 2010; Risbey et al. 2009; Verdon-Kidd & 
Franks 2005).

The SAM is a dominant driver of extratropical rainfall 
variability in the southern hemisphere and describes the 
north‒south latitudinal progression of zonal wind anomalies 
between approximately 30° and 60° south (Hendon et al. 
2007; Thompson & Solomon 2002). SAM phases oscillate 
on time scales of weeks to months and their impacts on 
rainfall vary seasonally. In SEA, a negative phase SAM in 
winter and spring indicates the northward progression of 
the westerly wind belt and is attributed to reduced rainfall 
across coastal New South Wales and increased rainfall in 
southern Victoria and Tasmania (Hendon et al. 2007; Kiem 
& Verdon-Kidd 2010). 

The intensity and latitude of the STR, a quasi-
stationary belt of mid-latitude anticyclones, is also known 
to modulate precipitation in SEA (Drosdowsky 2005; 
Timbal & Drosdowsky 2013). The ‘belt’ corresponds 
to the descending branch of the Hadley Circulation Cell 
and manifests a global band of increased surface pressure 
that oscillates north‒south seasonally at around 30° south 
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(Allan & Haylock 1993; Larsen & Nicholls 2009). Positive 
STR intensity (STR-I) anomalies can suppress the intrusion 
of frontal systems in SEA and are associated with reduced 
precipitation in the region from autumn to spring (Timbal 
& Drosdowsky 2013).

The complex influences of these large-scale drivers, 
along with other meteorological and geographical factors 
(e.g. Holgate et al. 2020), means that every drought 
experienced in Australia is unique. The majority of 
studies focus on multi-year drought events, such as the 
Federation (1895–1903), World War II (1939–1945) and 
Millennium droughts (1997–2009) (Murphy & Timbal 
2008; Ummenhofer et al. 2009; Verdon-Kidd & Kiem 
2009). However, short droughts can also have devastating 
impacts on farming, ecosystems and the economy. 

The 1982‒83 drought event, for example, saw national 
wheat production fall to 63% of the previous five-
year average, and the net value of rural production was 
estimated to be 56% of that seen in the previous four years. 
Similarly, in 1914, during the 1914–15 drought, Western 
Australia recorded its lowest wheat yield of the century 
thus far (Gibbs 1984; Bureau of Meteorology 2020b).

Most studies exploring historical droughts in Australia 
are limited to the 20th and 21st centuries, as this is the 
period when national datasets are available for analysis. 
While there are some studies examining 19th century 
rainfall variability (e.g. Gergis & Ashcroft 2013; Timbal 
& Fawcett 2013; Verdon-Kidd & Kiem 2009), they are 
often based only on weather station observations rather 
than a temporally consistent, gridded product for the pre-
1900 period. This means that 19th century droughts in 
documentary records (e.g. Fenby & Gergis 2013; Helman 
2009) are not included in quantitative studies that aim to 
improve understanding and predictability of drought onset 
and severity.

This study aims to address the lack of modern analysis 
of historical droughts by re-examining the seasonality, 
spatial footprint and possible causes of the short but 
sharp 1888 Centennial Drought in SEA. We make use of 
a newly developed, gridded product from the Bureau of 
Meteorology (Evans et al. 2020) that extends back to 1880, 
as well as historic station-based observations (Gergis & 
Ashcroft 2013). Together, these datasets are used to detail 
the evolution of the Centennial Drought on the monthly 
scale, as well as to provide a description of the drought’s 
regional signature on this timescale throughout SEA. In 
addition to historic rainfall data, climate indices data on the 
monthly and quarterly scales are also used. By considering 
the oscillations of these climate indices and the circulation 
features they represent, the climatic features and possible 
causes of the Centennial Drought in 1888 are explored. 

Following the quantitative analysis of the Centennial 
Drought, three other significant short droughts of 

Australia’s climate history are introduced — the 1914‒15  
and 1982‒83 droughts and the most recent drought, from 
2017 and ongoing (at the time of publication). The monthly 
evolution, severity, and circulation feature variability 
of these droughts are contrasted with the conditions of 
1888, providing context for the magnitude of the recorded 
rainfall declines and the resulting impacts on the Australian 
communities. We decided to use both datasets for the 
historic analysis in order to provide additional discussion 
on the agreement between the two on the monthly scale, 
highlighting the ability, and limitations, of each in 
conducting historical climate analyses.

THE CENTENNIAL DROUGHT

The Centennial Drought was reported in historical records 
as a short, severe drought that affected large regions of 
SEA throughout 1888. Indeed, previous discussion of the 
drought suggests it may have been the worst endured by 
the Australian communities at the time and its impacts 
unrivalled (Figure 1; Gibbs & Maher 1967; Nicholls 
1997). However, the detailed nature of the drought and 
how it compares with other short events have not been 
explored using modern datasets. Recently recovered daily 
precipitation observations from Eversleigh in the New 
England region of New South Wales (NSW), show that 
1888 was the driest year of the 46 recorded between 1877 
and 1922 (Bridgman et al. 2019), with annual totals at less 
than 40% of the recorded long-term average. 

As explained by Nicholls (1997), the impacts of 
the sudden and extreme drying on the colonies were 
compounded by the strong dependence on agriculture and 
the devastating lack of relief strategies at the time. Crops 
failed in massive proportions and the NSW wheat yield for 

Figure 1: Interpolated distribution of annual Australian rainfall 
anomalies for 1888, as adapted from Gibbs and Maher (1967) by 
Nicholls (1997).
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1888 was less than a third of the annual average for the 
decade. Livestock in the order of millions were starved, 
with the owner of one station reported to have cut the 
throats of 25,000 sheep in an attempt to preserve feed. 
Native fauna disappeared from regions where they were 
previously common, locust swarms added to the desolation, 
and a large class of dispossessed farmers appeared, having 
been forced to abandon their properties.

One poem published in the Gippsland Farmers’ Journal 
during the drought further highlights the extreme impact 
the drought had on the communities at the time: ‘The earth 
was brown, the sky was blue, No moisture fell, no drop of 
dew. … There a grey toad all parched and dead, Stuck in a 
crack with blistered head’ (Glenmaggie 1888).

DATA AND METHODS

Precipitation data

Monthly precipitation data are sourced from two datasets: a 
42-station network of historical instrumental precipitation 
records from across SEA (Gergis & Ashcroft 2013), 
and the Bureau of Meteorology’s interpolated monthly 
precipitation dataset, using a subset extracted across SEA 
for the period since 1880 (Evans et al. 2020), henceforth 
referred to as the Australian Gridded Climate Data 
(AGCD). 

The AGCD analysis extends the historic reach of high-
resolution gridded climate data by 20 years, with monthly 
interpolated data beginning in 1880 compared with 1900 
for the currently operational gridded dataset, the Australian 
Water Availability Project (AWAP) (Jones et al. 2009). The 
AGCD dataset is also resolved to the higher 0.01° by 0.01° 
grids, where AWAP is resolved to 0.05° by 0.05° grids, and 
achieves a significant reduction in interpolation errors and 
biases for the period 1900 to 2018 (Evans et al. 2020).

For this study, SEA is defined as the land between 44.5–
27° south and 135–156.25° east. This area was selected as 
it is well covered by monthly data in the late 19th century 
(Evans et al. 2020, figure 4). AGCD uses monthly data 
taken from the Bureau of Meteorology’s Australian Data 
Archive for Meteorology database (ADAM, http://www.
bom.gov.au/climate/cdo/images/about/ADAM.pdf). The 
number of stations used nationally ranges from around 500 
in 1880 to more than 7000 in the 1960s and 1970s. Data 
from around 1500 stations are used in the 1888 grids, with 
the majority of these located in SEA.

The station network from Gergis and Ashcroft (2013) 
comprises long-term monthly precipitation from ADAM. 
Combined, the stations span the years 1850–2009; 
however, not all stations have temporally consistent data 
for this period. Figure 2 shows the locations of the 42 long-

term rainfall stations from the station network used in this 
research.

It is important to note that the gridded and station-
based datasets are not completely independent. Monthly 
precipitation data from the AGCD product are based on 
all available monthly station data, including — but not 
limited to — those which also exist in the historical station 
network of Gergis and Ashcroft (2013). Despite this, 
numerous factors distinguish the two datasets, resulting in 
the potential for a greater range of disagreement between 
the two than might otherwise be anticipated. The AGCD 
employs automated quality control of the monthly data 
based on the statistical interpolation analysis procedure, 
which involves identification, cross-validation and removal 
of probabilistic data errors. On the other hand, the station 
network from Gergis and Ashcroft (2013) was subject to 
extensive manual quality control, using archived station 
history information from the Bureau of Meteorology.

Precipitation anomalies for both datasets were 
calculated with respect to the 78-year period 1888–1965, 
as this was the longest period for which the 42 stations 
in the network had largely consistent monthly data. Only 
two stations do not have complete data for this period: 
Strathalbyn in South Australia (Bureau of Meteorology 
station number 023747) is missing 26 years of data between 
1901 and 1927, and Mount Nelson in Tasmania (Bureau of 
Meteorology station number 094045) is missing four years 
between 1905 and 1909. 

For the AGCD, many more stations are included over 
the full period used for the 78-year climatology, including 
stations with a relatively short record, or a record that 
continues beyond 1965. As a result, while there may be 
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small differences in the rainfall totals for just 1888, the 
anomalies with reference to the 78-year period can exhibit 
larger differences. The calculation of two different long-
term climatologies provides an additional difference 
between the two datasets.

Monthly precipitation anomalies were calculated for 
a given station (for the 42-station network) or grid point 
(for AGCD) relative to the climatology period 1888–1965. 
Area-averages for SEA were calculated by taking the 
arithmetic mean of these anomalies across each grid point 
or station value.

Climate indices data

Monthly Southern Oscillation Index (SOI) data 
were sourced from the Bureau of Meteorology as a 
representation of atmospheric ENSO variability, where 
data were calculated relative to the period 1933 to 1992 
inclusive. Anomalies in the Niño 3.4 region (-5–5º south, 
170–120º west) derived from the Hadley Centre Sea Ice 
and Sea Surface Temperature dataset (HadISST) were 
used to capture the equatorial Pacific Ocean temperature 
variations (Trenberth & National Center for Atmospheric 
Research Staff 2019).

The Dipole Mode Index (DMI) is a measure of the 
difference in SST between the western (50–70º east) and 
eastern (90–110º east) equatorial (10º north – 10º south) 
Indian Ocean (Saji et al. 1999). Here the DMI is derived 

from the HadISST dataset using the Royal Netherlands 
Meteorological Institute Climate Explorer webpage 
(climexp.knmi.nl). Previous examination of the input 
data for HadISST showed that coverage is fair from at 
least 1880 onwards (Rayner et al. 2003). However, the 
lack of ship-based observations prior to 1958 is argued 
to significantly reduce the reliability of historic DMI data 
(Abram et al. 2015; Saji et al. 1999). Another indicator of 
IOD conditions that is most relevant for Australia is the 
South Eastern Indian Ocean (SEOI) SST. SEOI data were 
derived from the NOAA Extended Reconstructed Sea 
Surface Temperature (ERSST) and were also sourced from 
climexp.knmi.nl.

Quarterly regional SAM data are from Visbeck (2009) 
and based on the Global Historical Climatology Network, 
while monthly SAM data are derived from the 20th century 
Reanalysis Version 2c (20CRV2c) where they have been 
calculated according to methods outlined by Gong and 
Wang (1999). Extended monthly STR intensity (STR-I) 
data are sourced from Pepler et al. (2018) where it was 
calculated from the Bureau of Meteorology’s mean sea-
level pressure (MSLP) station data by the methods outlined 
by Drosdowsky (2005) and Timbal and Drosdowsky 
(2013).

Since the climatology periods for the different indices 
are inconsistent (see Table 1), discussion involving 
comparison of their absolute values will not be included 
here. Instead, climate indices data are only contrasted in the 
relative sense and their individual oscillations considered.

RESULTS

Severity, extent and evolution of the Centennial Drought

The extreme rainfall declines of 1888 place the Centennial 
Drought as a standout year in SEA’s rainfall history 
(Figure 3). Previous studies by Gibbs and Maher (1967) 
and Nicholls (1997) depicted the spatial extent of the 
Centennial Drought, relative to rainfall data available 
between 1885 and 1965, applied to the whole of Australia 
(see Figure 1). The historical examination shows the most 
extreme rainfall deficiencies across SEA, a thin region of 
inland coastal Queensland and far west Western Australia. 
Figure 4 depicts a similar result using AGCD (Evans et al. 
2020, their figure 19). 

Predictably, the best agreement between the historical 
map and modern analysis occurs where historical stations 
are most abundant, as the historical map would also have 
drawn on these observations. The declines observed in 
eastern Queensland, the west coast of Western Australia 
and northeast South Australia are also represented by the 
AGCD, though are less pronounced in severity and spatial 
extent than the historical interpretation.

Table 1: Climate indices data details. The Southern Oscillation 
Index (SOI) and Niño 3.4 indices indicate the development of 
an El Niño event. The Dipole Mode Index (DMI) and South 
Eastern Indian Ocean (SEOI) indicate the phase of the Indian 
Ocean Dipole. The Southern Annular Mode (SAM) indicates the 
meridional progression of the westerly wind belt in the Southern 
Ocean. The Sub-Tropical Ridge intensity (STR-I) indicates 
the magnitude of the quasi-stationary high pressure belt in the 
subtropics. 

Data Frequency Climatology Source; methods

SOI Monthly 1933-1992 Bureau of 
Meteorology 2019c

Niño 3.4 Monthly 1961-1990 HadISST; Rayner et 
al. 2003

DMI Monthly NA HadISST; Rayner et 
al. 2003

SEIO Monthly 1971-2000 ERSST; climexp.
knmi.nl

SAM Quarterly NA Visbeck 2009

SAM Monthly 1981-2010 20CRV2c; Gong & 
Wang 1999

STRI Monthly NA Pepler, Ashcroft & 
Trewin 2018
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Figure 3: Annual rainfall totals for SEA for the AGCD product (mm). The Centennial Drought 1888 is 
highlighted in grey, and the 1888–1965 mean is shown by the grey dashed line.

Figure 4: Distribution of annual Australian rainfall deciles for 1888, using the new gridded climate 
data and relative to the period 1888–1965 (Evans et al. 2020, figure 19).

Figure 5: Monthly rainfall anomalies (%) averaged across all locations for the 42-station network (red 
dashed line) and the gridded climate data (blue solid line) and relative to the period 1888–1965.
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Figures 6a and 6b (opposite page): a) – l) Monthly spatial distribution of rainfall anomalies (%) for January–December 1888 and 
relative to the period 1888–1965 across southeastern Australia. Triangles represent the 42-station network anomalies, upwards 
pointing (blue) indicates positive anomalies while downwards pointing (red) represents negative. The relative size of the triangle 
represents the magnitude of the anomaly. The gridded climate data anomalies are represented in red for below average and blue for 
above average.

Evolution of the monthly rainfall anomalies (Figure 
5) shows that 1887 experienced above average rainfall, 
particularly later in the year. In November 1887, SEA as 
a whole received between 45% and 80% more rainfall 
than the November 1888–1965 average. The descent into 
drought conditions following the wet warm season was 

rapid. The station network reports rainfall 30% below 
average in February 1888, although AGCD reports slightly 
above average rainfall. Both datasets, however, indicate a 
sharp decline in rainfall in mid-autumn, with April 1888 
being the driest month of the drought for SEA.

Below average rainfall continued throughout winter 
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into spring, with both datasets capturing October and 
November as the next driest months. AGCD indicates 
rainfall was at least 30% below average at this time, while 
the 42-station network indicates it was at least 50% below. 
This discrepancy could result from the coastal bias of the 
station network, as SEA’s coastal regions generally receive 
greater rainfall totals than those seen inland (Bureau of 
Meteorology 2020c). 

Rainfall began to recover by December 1888, with 
both datasets reporting SEA precipitation close to average. 
The year 1889 saw irregular rainfall in the early months, 

with both January and April being wet, while February and 
March remained below average. This pattern is particularly 
distinct in the station network data.

A spatial comparison of the monthly precipitation 
anomalies observed in the two datasets during the drought 
year (Figure 6) shows the wide extent of the drought, and 
indicates that the station network and the AGCD capture 
similar patterns down to the local level. Four of the twelve 
months saw large swathes of SEA receiving 25–100% 
below the 78-year rainfall average, illustrating the severe 
nature of the drought. Most of the rainfall observed in 
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February 1888 fell throughout inland NSW and across 
the northeastern coast, while southwestern Victoria, South 
Australia and Tasmania experienced significant declines 
(Figure 6B). According to the AGCD, northeastern inland 
regions of NSW, west of the Great Dividing Range, saw 
rainfall between 150% and 300% above average, little 
of which is captured by the station network due to the 
historical bias towards coastal observations (Gergis & 
Ashcroft 2013). 

In March (Figure 6C), five southern Victorian stations 
recorded positive rainfall anomalies, indicating wet 
conditions across this region, again supported by the AGCD. 
April was dry across the entire region, while some above 
average rainfall was received in May in central SEA. Most 
of SEA was exceptionally dry in June and July (Figures 
6F, G) except for a region extending across southeastern 
South Australia and southwestern Victoria where rainfall 
was above average. This positive signal is coherent across 
both datasets, suggesting enhanced westerly winds and 
associated rain-bearing systems, rather than a data error.

In contrast, August (Figure 6H) experienced 
widespread rainfall reductions that appear punctuated by 
positive anomalies in far eastern Victoria and southeastern 
Queensland. October and November also show widespread 
rainfall deficits with little spatial variation except for 
isolated regions where positive rainfall anomalies arise 
in both datasets. These exceptions to the dominating dry 
conditions may result from data issues or could indicate 
localised rainfall events. 

Circulation feature variability during the Centennial 
Drought

Figure 7 depicts the historical climate indices data for 
the three-year period 1887 to 1889. The data show a 
significant positive Niño 3.4 anomaly in conjunction with 
a negative SOI, indicating the development of a short, 
intense El Niño event from austral winter of 1888 through 
to autumn 1889. 

Both the DMI and the SEOI were close to average 
throughout 1888. The DMI was largely negative, while 
the (inverted) SEOI was positive in the first half of 1888 
and negative later in the year. The implications of this are 
conflicting. The DMI indicates the possible development 
of a negative IOD phase and increased precipitation for 
SEA, while the SEOI indicates cooler surface waters in 
the eastern Indian Ocean which would suppress rainfall in 
SEA. This may result from issues of data quality, outlined 
previously. Thus, it is possible that the IOD signals at the 
time of the Centennial Drought are not well represented by 
these data (Abram et al. 2015; Saji et al. 1999).

On average, the data suggest that 1888 saw a negative 
SAM phase across the Southern Hemisphere. This is 

indicated by both the Visbeck and 20CR SAM indices 
and describes northerly progression of the westerly wind 
belt that encircles Antarctica. The impacts of this phase 
on SEA rainfall vary both seasonally and spatially. In 
the cooler months, the negative SAM is expected to have 
increased precipitation in southern Victoria and Tasmania 
and decreased precipitation in coastal New South Wales 
and southern Queensland (Hendon et al. 2007).

The STR was predominantly above average in 
intensity throughout 1888, despite relatively large monthly 
variability with an annual mean anomaly of +1 hPa. In 
particular, the data show increases in MSLP during April 
of between 3 and 6 hPa. The positive pressure anomalies 
suppress rainfall throughout SEA by blocking frontal 
systems and their associated rain from reaching large 
regions of southern Australia (Timbal & Drosdowsky 
2013).

DISCUSSION

Atmospheric drivers of the Centennial Drought

The AGCD provides a new opportunity to examine in 
more detail the relationship between the 1888 Centennial 
Drought and Australia’s climate drivers. The changing 
impacts of competing climate drivers on rainfall anomalies 
can be observed throughout the drought year, providing 
a comprehensive picture of the climatic factors that may 
have resulted in the 1888 Centennial Drought.

Table 2 shows the correlation of each index to rainfall in 
SEA at the time. Correlations are calculated for two relevant 
periods: firstly, for the Interdecadal Pacific Oscillation 
(IPO) phase which covered the drought (1880‒1888) and 
secondly, for the 78-year climatology period. The IPO is a 
long-term climate oscillator whose phases represent SST 
anomalies in the tropical and subtropical Pacific Ocean and 
correspond to changes in surface temperature, rainfall, El 
Niño frequency and related phenomena (Dai et al. 2015; 
Kiem et al. 2003; Power et al. 1998; Wang et al. 2014). 
During the drought year 1888, the IPO was in its positive 

Table 2: Correlations between precipitation and the relevant 
climate indices (for details on climate indices, see Table 1).

Data Period

IPO positive phase 
(1880-1888)

Climatology period 
(1888-1965)

SOI -0.30 -0.20

Niño 3.4 -0.31 -0.18

DMI 0.32 -0.07

SEIO -0.36 -0.06

STRI -0.21 -0.28
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phase, which typically indicates dominance of El Niño-like 
conditions in the Pacific Ocean and weaker correlations 
between ENSO and Australian rainfall (McGregor et al. 
2010; Power et al. 1999, 2006). Given the relatively short 
duration of the IPO phase (eight years), correlations for the 
longer climatology period (1888‒1965) are also considered 
for each index.

Widespread rainfall reductions in October‒November 
1888, as observed in both datasets, may be directly related 
to the onset of an El Niño event in the late winter months. 
The occurrence of an El Niño is indicated by both the 
Niño 3.4 index and the SOI. Typically, both indices are 
strongly correlated to rainfall in these months (Risbey 
et al. 2009) and both the SOI and the Niño 3.4 index are 
reasonably correlated to rainfall in SEA throughout the IPO 
phase, which covered the drought, as well as the longer 
climatology period (Table 2). 

A (weak) negative IOD event later in the year may 
have also had some influence on rainfall throughout 1888. 
The DMI and SEOI also both show reasonable correlation 
to rainfall throughout the IPO phase (absolute values 
0.32‒0.36). Generally, a negative phase during the June‒
October period is associated with increased precipitation 
across southern Australia, including southwestern Victoria 
(Ashok et al. 2003; Risbey et al. 2009). However, the 
development of the strong El Niño may have dampened 
or negated the influence of the IOD at this time. Despite 
this, the signal of the negative DMI may be represented by 
the anomalous rainfall increases observed for substantial 
regions of the southwestern Victorian coast in early winter 
(see Figures 6F, G), as rainfall in this region is highly 
correlated with DMI variations in the cooler months 
(Risbey et al. 2009). However, as discussed previously, 
data issues and the conflicting indications of the DMI and 
SEOI early in the year suggest that the influence of the IOD 
on the Centennial Drought is uncertain.

Rainfall in southwestern parts of SEA can also be 
influenced by variations of the SAM. A positive SAM 
phase from December 1887 to March 1888 may account 
for the reduced rainfall seen in the southwestern corner of 
Tasmania in February, as the associated contraction of the 
westerly wind belt suppresses the northward intrusion of 
the rain-bearing frontal systems. The positive phase at this 
time may also explain the extreme rainfall increases over 
northeastern SEA, as the contraction of the belt supports 
enhanced onshore flow in this region (Hendon et al. 2007).

By autumn, the correlations between SAM and 
rainfall for SEA are significantly reduced (Hendon et al. 
2007; Risbey et al. 2009), and hence unlikely to be the 
source of the strong autumn rainfall declines. A negative 
SAM phase during winter and spring is associated with 
increased precipitation for the southwestern Victorian 

coast, decreased precipitation in eastern SEA and increased 
precipitation in southwestern Tasmania (Hendon et al. 
2007; Risbey et al., 2009). Each of these trends is observed 
in the Centennial Drought, supporting the conclusion that 
the SAM may have been a strong contributor to rainfall 
patterns at the time.

However, annual correlations during 1880–1888 are not 
strong. This is not unexpected, as the spatial variability and 
seasonality of the SAM’s impact on rainfall in SEA (e.g. 
negative phase increases rainfall in New South Wales and 
decreases rainfall in Victoria) would result in a confused 
average. The relatively high frequency of oscillations may 
also contribute to the low correlation, as the low frequency 
of historical data fails to capture the completeness of the 
SAM variability. As a result, it is unlikely that, with these 
methods, statistical evidence for the SAM being a driver of 
the drought could be found. This could be a future focus of 
historical climate studies once more data become available.  

Given the possible data issues in the SAM indices, the 
20CRV2 signals were further interrogated, finding that 
the spatial distribution of pressure anomalies during the 
drought agree with the likely development of a negative 
phase. This, the Visbeck (2009) data and the distribution 
of rainfall anomalies throughout the drought discussed 
previously all suggest that the SAM was a significant 
contributor to rainfall variations in 1888.

During autumn, winter and spring, STR-I is negatively 
correlated with southern Australian rainfall (e.g. Timbal & 
Drosdowsky 2013), hence providing a potential explanation 
for the extreme rainfall declines observed in April 1888. 
The STR-I was also reasonably correlated to rainfall 
during both the IPO phase and the longer anomaly period, 
supporting this hypothesis. The negative correlation would 
result from the fact that, during autumn, the STR is situated 
over southern Australia at around 35° south (Pepler et al. 
2018), meaning increased atmospheric pressure at this time 
would suppress the northerly intrusion of frontal systems 
and ultimately cut SEA off from the associated rainfall.

Comparison between the Centennial Drought and other 
short droughts

To provide context for the Centennial Drought, other short-
lived drought events in SEA that stand out in the historical 
and modern record were examined. The 1914‒15 drought 
was short and devastating, and is reported to have caused 
widespread rainfall declines across large regions of eastern 
Australia (Bureau of Meteorology 2020b). The May–
October period of 1914 remains the driest on record for 
large areas of southern Australia, and the Murray River at 
Echuca fell to its lowest then recorded level (Bureau of 
Meteorology 2020b). 
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    b) 1914-15 DROUGHT (1913 - 1915)
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    c) 1982-83 DROUGHT (1981 - 1983)
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    d) RECENT (2017 - 2019)

Figure 8: Monthly rainfall anomalies (%) for SEA relative to the period 1888–1965 for a) the Centennial Drought (1887–89), b) the 
1914–15 drought (1913–1915) c) the 1982–83 drought (1981–1983) and d) the recent drought (2017 – 2019).



Figures 8B and 9B show that rainfall declines of 1914 
and 1915 were indeed severe. The wet conditions of early 
autumn and late summer in 1914 failed to compensate for 
the dry winter and spring, with annual rainfall anomalies 
for the year very much below average throughout most of 
SEA. The seasonality of the drought through 1914 bears 
some resemblance to that of 1888, the main difference 
being in autumn, where 1888 is very dry and 1914 is closer 
to the long-term average. Spatially, the droughts have less 
in common on the annual scale, with a wet region along 
the eastern coast in 1914 not being represented annually in 
1888. A similar pattern, however, is observed in September 
and October of 1888.

The 1914 drought has been attributed to a strong El Niño 
event (Bureau of Meteorology 2020b); this is evidenced in 
both the SOI and Niño 3.4. In addition to a strong El Niño, 
there was a particularly high magnitude STR-I anomaly 
throughout the year, potentially exacerbating the already 
dry conditions. The influence of ENSO on this drought 
— and on the Centennial Drought — may explain the 
eastern coast wet region observed in the year of 1914 and 
the spring of 1888, since, on average, this region does not 
observe the rainfall declines that an El Niño drives for the 
rest of SEA (Bureau of Meteorology 2014).

Another short, yet extreme, drought that devastated 
SEA was the 1982‒83 drought (Figures 8C, 9C), which is 
reported to be one of Australia’s most severe droughts of 
the 20th century (Bureau of Meteorology 2020b). Previous 
analysis by Gibbs (1984, p. 92) describes a year in which 
sharp downturns were observed in wheat production, 
sheep and cattle populations, topsoil, reservoir reserves, 
power generation and the national economy: ‘Practically 
all highly urbanized areas … were in the grip of one of 
the worst droughts in almost 200 years of European 
settlement of the continent.’ Gibbs further suggests that the 
1982 drought is comparable in severity to the Centennial, 
in agreement with the conclusion in this analysis, which 
shows that the monthly rainfall anomalies for both droughts 
from April to November were between 20 and 40% below 
average. Spatially, the two drought years exhibit very 
similar signatures, with both droughts showing extreme 
precipitation declines across all of SEA on the annual 
scale. The sharpest declines for both are reported inland, 
in western New South Wales and eastern South Australia, 
and some regions of closer-to-normal rainfall conditions 
are seen along the eastern coast.
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Figure 9: Annual (12-month period starting in January) spatial distribution of rainfall anomalies (%) across SEA relative to 
the period 1888–1965. Gridded climate data is shaded, and the station network is represented by triangles. a) the Centennial 
Drought (1888), b) the 1914–15 drought (1914) c) the 1982–83 drought (1982) and d) the recent drought (2018).



As with 1914, the 1982 drought has been attributed to 
a strong El Niño event (Bureau of Meteorology 2020b). A 
particularly strong El Niño signal does arise in both indices, 
along with a positive IOD event, which is also indicated by 
both the DMI and SEIO (not shown). The occurrence of an 
El Niño and positive phase IOD event together can result 
in exaggerated rainfall declines across Australia (Risbey et 
al. 2009).

The recent drought, starting in 2017 and ongoing 
in some areas, is another short, intense drought that has 
impacted SEA (Figures 8D, 9D). The three-year period 
from 2017‒2019 inclusive was the driest on record 
(records for three-year intervals from January, starting 
in 1900) for the Murray‒Darling Basin and New South 
Wales. The monthly evolution of the recent drought shows 
rainfall around 20% below average for almost the entirety 
of 2018 and 2019. The second half of 2019 saw even more 

extreme declines, with the later months seeing just 50% of 
their average totals. Despite a lower range of inter-month 
variability, the evolution of the drought through 2018 and 
2019 is comparable to that of 1888, which saw similar 
magnitude declines but with some relief in February and 
September. 

The duration of the recent drought was also greater 
than the three others considered. Spatially, the signature 
is similar to both 1888 and 1982, with the exception of 
eastern New South Wales and Queensland, where the 
recent drought saw more extreme drying. Rather than an 
El Niño, as was the case for 1888 and 1982, the recent 
drought resulted from one of the strongest positive IOD 
events on record, along with a persistent negative phase 
SAM (Bureau of Meteorology 2020b).
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Figure 10: a) Total monthly precipitation (mm) for Narrabri station in 1888. b) Geographic location of Narrabri station. 

Figure 11: Daily total precipitation (mm) for Narrabri station in February 1888 (Bureau of Meteorology 2020d).
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Data comparison

As this is the first time the AGCD has been used to examine 
an historical drought in detail, it is worth examining the 
agreement and disagreements between the gridded and 
observational datasets. In general, spatial agreement is 
impressive between the AGCD and the historical station 
network, with both agreeing on multiple regional events 
as well as large-scale variability. This suggests that a 
well-spaced network of stations can accurately capture, at 
least at the monthly scale, regional rainfall patterns in the 
historic period. This is a valuable finding for future studies 
of droughts that occurred in the pre-1880 period. 

The strongest disagreement between the datasets 
arises during extremely dry or wet months, with the 
station network data tending to show larger anomalies 
than the AGCD. The spatial representations shown in 
Figure 6 provide some explanation of the disagreement. 
For example, February 1888 shows strong disagreement, 
with the AGCD apparently exaggerating a minor positive 
trend observed in the station network. However, Figure 6B 
shows AGCD capturing above average rainfall for a large 
region of inland north eastern SEA that is not represented 
by the station network. 

To explore this discrepancy further, we sourced daily 
and monthly precipitation data from Narrabri, in the 
region of the high rainfall captured by AGCD (Bureau 
of Meteorology station number 054120; Bureau of 
Meteorology 2020d). The data during 1888 (Figures 
10, 11) show a short (three-day) period of extreme 
rainfall interrupting an otherwise dry month. The data 
are incorporated into the AGCD product and therefore 
influence the gridded output for the region. However, 
Narrabri was not included in the 42-station network, thus 
indicating that differences in input data likely explain 
disagreement between the datasets. 

The AGCD provides clear depictions of regional 
precipitation patterns throughout 1888 which are largely 
supported by the station observations. This is valuable, 
as a reliable map of rainfall patterns allows for more 
comprehensive reviews of the potential causes of a drought. 
For the Centennial Drought, this is clear in the SAM signals 
in November and February, which saw rainfall anomalies 
that align well with the regions of strongest SAM–rainfall 
correlation (Risbey et al. 2009).

In months where precipitation anomalies are less 
extreme, such as May, September and December, the 
AGCD product provides opportunity to observe less 
pronounced and/or higher resolution rainfall patterns that 
are not as well captured by the, largely coastal, 42-station 
network.

CONCLUSION

This study presents a quantitative analysis of the 
Centennial Drought of 1888, showing significant declines 
in autumn, winter and spring rainfall that were likely 
due to a combination of an El Niño event, the SAM 
and a positive STR-I anomaly. The extreme declines 
of 1888, along with the widespread reach of the short, 
sharp drought, are comparable to the historic droughts 
of 1914 and 1982 as well as the recent drought of 2017–
2019. Separate analysis by two datasets — a 42-station 
network of historic instrumental observations and a newly 
developed high-resolution gridded climate data product — 
produced strong agreement on the drought characteristics, 
both spatially and temporally. 

This work extends our understanding of Australia’s 
drought history by capturing the spatial extent, duration, 
evolution and severity of the historical 1888 Centennial 
Drought. The relatively short instrumental record limits 
the number of droughts in Australia’s climate history 
whose nature and causes are well understood. The 
addition of the Centennial Drought to these numbers 
will aid future scenario modelling for Australia’s climate 
adaptation, which, as Australia’s climate continues to 
change and its droughts change with it, can only improve 
our understanding of future conditions. 
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