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Classification of Arid & Semi-Arid 
Areas: A Case Study in Western 

Australia 

Guy Leech

Abstract

Arid and semi-arid environments present challenges for ecosystems 
and the human activities within them. Climate classifications are one 
method of understanding the climate of these regions, giving regional-
scale insight into parameters such as temperature and precipitation. 
This essay qualitatively compares the application of four different 
climate classification schemes (Köppen-Trewartha, Guetter-Kutzbach, 
De Martonne and Erinç) to a transect across Western Australia. The 
classification schemes show a distinct climatic gradient from the wet 
coast to the dry continental interior, with the most pronounced gradient 
located near the coast. Strong agreement is found between weather 
stations and classifications for wet and dry years, indicating that the 
weather systems on the coast also govern weather inland. Historically 
wet and dry periods, as well as long-term drying trends were also 
identified for the coastal regions, which could affect the livelihoods of 
many people. A long-term drying trend is also evident at Kalgoorlie-
Boulder, the most arid, inland town. These results show that climate 
classifications can identify major trends and shifts in climate on a decadal 
or yearly basis, and it is hoped that they will become more widely used 
for this form of analysis.

Introduction

Arid and semi-arid environments make up a large portion of the Earth’s surface 
(Figure 1), and present challenges for human ecosystems located within them. 
These regions are generally defined as having low average rainfall, often 
associated with high temperatures, which impose fundamental limits on animal 
and plant populations, and on human activities such as agriculture (CSIRO 
2011, Ludwig & Asseng 2006, Ribot et al. 2005, John et al. 2005, Vörösmarty 
et al. 2000, Watson et al. 1997). The challenges presented by arid and semi-arid 
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environments may be amplified in response to global climate change, as rainfall 
is predicted to both increase in variability and decline overall in many of these 
regions (Charles et al. 2010, Lioubimtseva et al. 2005, Ma et al. 2005, Indian 
Ocean Climate Initiative (IOCI) 2002, Watson et al. 1997). These changes are 
expected to particularly affect settlements and ecosystems on the boundaries of 
arid or semi-arid environments (Fitzpatrick et al. 2008, Lioubimtseva et al. 2005, 
Ma et al. 2005, Camill & Clark 2000, Kepner et al. 2000, Watson et al. 1997), 
where an increase in aridity (i.e., the spatial extension of the arid zone) could 
have consequences ranging from biodiversity loss associated with ecosystem 
collapse, to crop failures and famine (Parmesan 2006, Ribot et al. 2005, Walther et 
al. 2002, McCarty 2001, Watson et al. 1997). The potential impacts of increasing 
aridity make identifying the location and extent of arid and semi-arid areas, and 
determining if trends exist in their climate, important areas of research.

Various methods have been developed to provide insight into the spatial 
extent of arid and semi-arid areas, of which the most widely known and used 
are climate classification schemes. These schemes range from those employing 
biophysical factors, such as precipitation, temperature and vegetation type, 
to classifications based on the movement of distinct atmospheric air masses or 
incoming solar radiation, through to schemes that classify climate by regional 
vegetation and soil types (Sturman & Tapper 2006, Trewartha & Horn 1980). 
The climate of a region is then classified based on the relationship between some 
or all of these factors, from which regional characteristics (e.g., vegetation) can 
then be derived. It is important to note that human worldviews are evident in 
all classification schemes, either as the basis used to delineate areas appropriate 
to different human needs (e.g., agriculture) or in the naming of classifications 
based on human experience (e.g., ‘frequent-fog’) (Sturman & Tapper 2006, Stern 
et al. 2000, Trewartha & Horn 1980).

The Köppen scheme, upon which the Köppen-Trewartha scheme is based, is 
a widely used climate classification that combines annual and monthly mean 
precipitation and temperature to classify areas as arid or otherwise (Sturman 
& Tapper 2006, Trewartha & Horn 1980, Köppen 1936; Baker et al. 2010, Gao 
& Giorgi 2008). The Köppen-Trevartha scheme modifies these classifications 
by considering the seasonality of precipitation, and its ratio to temperatures 
(Trewartha & Horn 1980, Feng et al. 2012, de Castro et al. 2007). There have 
been modifications made to the Köppen and Köppen-Trewartha schemes to 
accommodate variations in regional climates and the preferences of different 
researchers (Guetter & Kutzbach 1990). Other climate classifications include 
De Martonne (1926) and Erinç (1965), both of which are based on the ratio of 
precipitation to temperature. Climate classification schemes also exist based on 
other parameters, such as potential evapotranspiration (Thornthwaite 1948), or 
the radiation balance (Budyko 1958).
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This essay investigates these four climate classification schemes to illuminate 
differences and similarities between them, and to determine whether any one 
provides a more accurate or useful representation of the climate of Western 
Australia. An evaluation of the applicability and usefulness of yearly climate 
classifications to studying inter-annual variability and long-term trends is 
another central aspect of this study. A transect of Western Australia, from the 
coast to the arid interior, is used to examine how the climate of different areas is 
classified and whether spatial and temporal variation in classification between 
schemes exists. Trends in classifications and climate are investigated in relation 
to other studies of the region. 

Data and Methods

Western Australia occupies a large portion of the Australian continent, with a 
correspondingly wide range of climates and biomes; however, the majority of 
the state is dry and hot, with high variability in rainfall (Trewin 2006). Data 
from a series of weather stations that form a line running inland from Perth, on 
the western coast, to the town of Kalgoorlie, in the dry interior, were used as the 
basis for this study (Figure 2). The location and transect were chosen because of 
the pronounced rainfall gradient from the coast to the arid interior (Charles et 
al. 2010), allowing for a variety of possible climate classifications (e.g. see Figure 
3). The station names, numbers, coordinates and elevations are listed in Table 1. 
These weather stations were chosen to permit analysis of the climatic gradient 
from the coast to the interior (Pitman et al. 2004), as well as for their relatively 
long and reliable data records. The annual mean temperature and precipitation 
totals were obtained from each of these stations for the years 1951–2012, the 
longest period for which data from all stations was available from the Bureau 
of Meteorology (BoM). The data for Merredin and Merredin Research Station, 
Southern Cross and Southern Cross Airfield, and Cunderdin and Cunderdin 
Airfield were combined to give data series of suitable length.

Table 1: Information on the weather stations used in this study, from the 
coast (top of table) inland 

Name Abbreviation Number Location (° S; ° E) Elevation 
(m)

Perth Airport PA 009021 31 .93; 115 .98 15

Northam NOR 010111 31 .65; 116 .66 170

Cunderdin CCA 010035 31 .65; 117 .23 220

Cunderdin Airfield CCA 010286 31 .62; 117 .22 217

Kellerberrin KEL 010073 31 .62; 117 .72 250

Merredin MMRS 010092 31 .48; 118 .28 315
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Merredin Research 
Station

MMRS 010093 31 .50; 118 .22 318

Southern Cross SCSCA 012074 31 .23; 119 .33 355

Southern Cross 
Airfield

SCSCA 012320 31 .24; 119 .36 347

Kalgoorlie-Boulder 
Airport

KBA 012038 30 .78; 121 .45 365

Source: BoM.

Annual mean temperature and precipitation totals were used to classify the 
climate at each station according to four different climate classifications: the 
Köppen-Trewartha scheme (KT); a modified Köppen-Trewartha scheme by 
Guetter & Kutzbach (GK); an extended De Martonne scheme (DM); and the 
Erinç scheme (ER). The KT scheme compares temperature with precipitation and 
seasonality of precipitation in order to classify environments as deserts (arid) 
or steppes (semi-arid) (Trewartha & Horn 1980). Other classifications under 
this scheme are based on temperatures and seasonality of temperature only 
(Trewartha & Horn 1980), and are not calculated here but assumed to fall in the 
subtropical classification as they occur during wetter years (BoM 2006, Stern et 
al. 2000). The GK scheme is a modification of the KT scheme and changes some 
of the boundary conditions between climatic zones, including some arid zone 
classifications, to better account for changes in climate as identified through 
changes in vegetation and soil (Guetter & Kutzbach 1990). The DM scheme, 
a ratio of precipitation to temperature (De Martonne 1926), was extended by 
Khalili (1992) to more accurately reflect desert environments. Finally, the ER 
scheme, a different ratio of precipitation to temperature, is also used (Kutiel 
& Türkes 2005, Erinç 1965). The exact definitions used for the classifications 
under each scheme are given in tables 2–5.

A standard precipitation index (SPI) was also calculated for each year, as an 
indication of how far a particular year differed from the long-term average 
rainfall. In this study the long-term average was drawn from all years for which 
data were available. The SPI is calculated as:

 ( ln(x) - u ) / o    (1)

where x is the annual precipitation total, u is the long-term mean and o is the 
variance in the long-term mean (Zhang et al. 2009, McKee et al. 1993). The SPI 
classifications and probabilities of each classification are given in Table 6.
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Figure 2: Map of south-west Western Australia, showing the locations of 
weather stations; those used are in red markers 

Source: Author’s own work, using Google Maps.

Tables of climate classification definitions

Table 2:  Definitions of climate used in this study according to the 
Köppen-Trewartha scheme. r = annual total precipitation; t = annual 
mean temperature

Classification Definition
Steppe 70% or more of annual precipitation falls in the summer half of the 

year, and r < 20t + 280;

or 70% or more of annual precipitation falls in the winter half of the 
year, and r < 20t;

or neither half of the year has 70% or more of annual precipitation, 
and r < 20t + 140 .

Desert As above, but r < 50% the amount for classification as a steppe

Source: After Trewartha & Horn (1980).
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Table 3: Definitions of climate used in this study according to the Guetter-
Kutzbach scheme. r = annual total precipitation; t = annual mean 
temperature; p = percentage of precipitation falling in the coolest six 
months of the year

Classification Definition
Steppe r < 2.4t - 0.46p + 55

Desert As above, but r < 50% the amount for classification as a steppe

Source: After Guetter & Kutzbach (1990).

Table 4: Definitions of climate used in this study according to the modified 
De Martonne scheme. AI is the aridity index, defined as AI = r / (t + 10), 
where r = annual total precipitation; t = annual mean temperature

Classification Definition
Per-humid B AI > 55

Per-humid A 35 < AI < 55

Humid 28 < AI < 35

Subhumid 24 < AI < 38

Mediterranean 20 < AI < 24

Semi-arid 10 < AI < 20

Arid 5 < AI < 10

Extra arid AI < 5

Source: After de Martonne (1926).

Table 5: Definitions of climate used in this study according to the modified 
Erinç scheme. AI is the aridity index, defined as AI = r / t, where r = 
annual total precipitation; t = annual mean temperature

Classification Definition
Perhumid AI > 55

Humid 40 < AI < 55

Semi-humid 23 < AI < 40

Semi-arid 15 < AI < 23

Arid 8 < AI < 15

Severe arid AI < 8

Source: After Erinç (1965).
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Table 6: Categories, definitions and probability distributions for the 
standard precipitation index (SPI) 
Category SPI Probability (%)
Extreme (ex .) wet ≥ 2.00 2 .3

Severe wet 1.50 – 1.99 4 .4

Moderate (mod .) wet 1.00 – 1.49 9 .2

Normal –0.99 – 0.99 68 .2

Moderate (mod .) drought -1.00 – -1.49 9 .2

Severe drought -1.50 – -1.99 4 .4

Extreme (ex .) drought ≤ -2.00 2 .3

Source: Zhang et al. 2009.

The different classification schemes were qualitatively compared by observing 
whether the different schemes provided different classifications for the same 
station, or showed different trends through time. A similar analysis was 
conducted across the series of stations, to see if spatial trends existed between 
schemes. Where changes in classification occurred the SPI was used as an 
indicator of whether the change was a single event or part of an ongoing trend.

Results

Köppen-Trewartha (KT) classifications

The KT classifications for the weather stations are given in Figure 3. The scheme 
shows a progression from subtropical to desert classifications going inland 
from the coast, indicating increased aridity. Spatial and temporal coherence of 
particularly wet or dry years is observed; many stations were classified as a 
wetter steppe class during a particular year. The known rainfall variability in 
the area is also displayed, however, with the same station being classified as 
desert and then as subtropical during the following year (e.g., KBA 1991–92). 
Long-term drying trends can be seen at CCA, KEL, and MMRS, while a recent 
drying trend is evident at KBA. A wet period is observed across most stations 
during 1958–74.
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Figure 3: KT classification for selected weather stations. Blank entries 
indicate insufficient data. Temperate and sub-tropical classifications are 
assumed, not calculated

Source: Author’s own work.
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Guetter-Kutzbach (GK) classifications

The yearly GK classifications for each weather station are shown in Figure 4. The 
climatic progression from the wet coast to the dry interior is again observed. 
Spatial and temporal coherence of wet and dry years is seen, although dramatic 
changes in classification at the same station between some years are also observed, 
indicating the high variability of rainfall. A recent drying trend appears at NOR, 
while a dry period from 1969–79 is observed at most stations.

De Martonne (DM) classifications

The classifications given by the DM scheme are shown in Figure 5. This scheme 
shows a clear climatic gradient from the wet coast to the dry interior, although 
there is often a distinct (two or more classes) difference between PA and NOR 
climates. Again, spatial and temporal coherence are observed in wet and dry 
years. A long-term drying trend can be seen for PA, while KBA shows a more 
recent drying trend; a dry period is observed from 1969–80 at KEL, MMRS 
and SCSCA. High rainfall variability between years is again observed for some 
locations and years.

Erinç (ER) classifications

The climate classifications under the ER scheme are shown in Figure 6.  
A gradient from the wet coast to the dry interior is visible, although the 
change in classification from PA to NOR is often dramatic (two or more classes). 
Spatial and temporal coherence of dry and wet years are observed, although 
large differences in classification occur between some years, indicating high 
rainfall variability. A long-term drying trend is evident at PA and KBA, while a 
wetting trend can be seen at SCSCA. A wet period from 1963–68 is observed at 
many stations, while a dry period from 1969–80 is observed at most.
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Figure 4: GK classification for selected weather stations. Blank entries 
indicate insufficient data. Temperate and sub-tropical classifications are 
assumed, not calculated

Source: Author’s own work. 
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Figure 5: DM classification for selected weather stations. Blank entries 
indicate insufficient data

Source: Author’s own work.
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Figure 6: ER classification for selected weather stations. Blank entries 
indicate insufficient data

Source: Author’s own work.
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Standard Precipitation Index (SPI)

The SPI of each station for all years is shown in Figure 7. High annual variability 
in rainfall is visible, with conditions changing from extreme to normal between 
many years, and from severe drought to severely wet. A wet period during the 
1960s is visible, as is a dry period from 1969–80. A dry period at PA can be seen 
from 2001–10, which may be an indication of long-term drying. SCSCA appears 
to show a long-term wetting trend.

Discussion
The climatic gradient from the WA coast, at Perth, to the arid interior, at 
Kalgoorlie-Boulder, is evident in each of the classification schemes used. The 
DM and ER schemes illustrate this, and also showed a distinct jump from the 
climate of Perth (PA) to the next station inland (NOR), showing the influence 
of the ocean and elevation (NOR is ~155 m above PA [see Table 1]) on climate. 
The advantages displayed by these schemes are due to the increased number 
of classification types, which allows greater insight into subtle differences and 
changes in the climate of an area.

All of the classification schemes examined showed spatial and temporal 
coherence in wet and/or dry years; i.e., if one station was particularly wet, it 
was likely that others were as well. This indicates that the climate in this area of 
Western Australia is governed by the same weather systems, although rainfall 
decreases as the systems move inland. All the stations, however, also showed 
dramatic differences in classification between some years, indicating the onset 
of particularly wet or dry conditions, which reflects the high rainfall variability 
of the region (Trewin 2006). No scheme showed better insight than another into 
these phenomena, although the greater number of classifications within the DM 
and ER schemes was of benefit in making distinctions between moderately dry 
years and extremely dry years.
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Figure 7: The SPI of for selected weather stations. Blank entries indicate 
insufficient data

Source: Author’s own work.

The identification of particular wet and dry periods was similar across the four 
schemes. Each scheme showed a dry period beginning in 1969, though the end 
date differed. In the KT and GT schemes the dry period ended in 1979, while 
in the DM and ER schemes it ended in 1980. A wet period ranging from the 
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early 1960s until 1969 was also identified in the KT and ER schemes. These 
differences are a likely consequence of the precise yet somewhat arbitrary 
definitions of the climatic boundaries, rather than actual reflections of the 
aridity of the area at that time.

Temporal trends in climate differed most between schemes. The KT, DM and 
ER schemes showed a drying trend at KBA with the broad agreement between 
schemes indicating that this trend is likely to be a real phenomenon, and should 
be investigated more closely. The KT and GK schemes showed evidence of a 
drying trend at NOR, while the ER and DM schemes showed a recent drying 
trend at PA. The fact that both of these pairs of schemes are based on the same 
principles (see Data and Methods, above) means that these trends are more likely 
to be spurious. The latter trend, however, is also supported by the SPI, suggesting 
that it is a real phenomenon. The ER scheme and SPI also suggest a long-term 
wetting trend at SCSCA, indicating another area that is ripe for further research.

The drying trends described above corroborate earlier studies of south-west 
Western Australia that identify decreasing rainfall in the region from the late 
1960s (Hennessy et al. 2007, Power et al. 2005, IOCI 2002, Smith et al. 2000, 
Hennessy et al. 1999). The identification in this study of a particularly wet 
period in the 1960s, followed by a distinctly dry decade, reveals, however, that 
the drying trend observed in previous studies may be exaggerated, as the 1970s 
appear drier when compared to the preceding decade. The use of individual 
stations in this study, as opposed to the areal averages generally used in previous 
studies, provides greater insight into exactly where these drying trends are most 
evident, although the results reported here conflict with some previous small-
scale work. For example, Pitman et al. (2004) predicted that decreases in rainfall 
should be expected near the coast, with increases in rainfall further inland; the 
results presented here suggest a coastal drying trend, but also suggest a drying 
trend inland at KBA, and a wetting trend at SCSCA, which is also inland. 

In terms of methodology, this study shows the usefulness and applicability 
of yearly climate classifications for studying long-term trends. The ability 
to detect long-term and emerging trends is of vital importance in climatic 
studies; the fact that climate classifications, generally assumed to be static and 
requiring long periods of data, are able to provide this insight on a decadal 
(and sometimes yearly) basis is an important result. It is hoped that the use of 
classifications for studying climate can be continued, and that the clear and 
accessible nature of these classifications may aid communication of climate and 
climate change concepts.

The limitations of the results and analysis presented here primarily stem from 
the limitations of climatic classifications in general. The use of discrete cut-offs, 
especially when combined with a small number of weather stations, can lead to 
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arbitrary divisions between areas, although this is offset somewhat in the DM and 
ER schemes because of their many classifications. Additionally, the classification 
schemes used here only make use of temperature and precipitation data; other 
schemes that are based on different parameters would be of value for further 
comparison. Some data and statistical limitations are also present in this study: 
the calculation of SPI from all available years of data means it may downplay 
recent trends, and the lack of data for some years, together with the combining 
of data from different stations, introduces potential errors in the analysis.

Future research in this area should concentrate on the particular drying or 
wetting trends identified above, or on comparing the results above to those 
obtained from other classification schemes. Further data collection or reanalysis 
of weather stations across Australia would benefit future studies of this nature.

Conclusion

This essay examines differences between four climate classification schemes, 
using data from a transect of weather stations in Western Australia. A distinct 
climatic gradient is identified from the wet coast to the dry continental interior, 
and it is most pronounced at the coast. Strong agreement is found between 
weather stations and classifications for wet and dry years, indicating that the 
same weather systems govern rainfall in this region. Historically wet and dry 
periods are also identified. Long-term drying trends are found for the coastal 
regions and the most arid, inland town; these trends could affect the livelihoods 
of many people. The use of climate classifications is shown to be useful for 
identifying long and short-term climatic trends, although they are less useful 
for understanding spatial variation. It is hoped that future studies on climatic 
trends may consider the use of these, or other, climate classifications.
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