
RESEARCH ARTICLE 
https://doi.org/10.1071/ES22022 

A historical monthly upper-air humidity dataset for Australia 
Branislava JovanovicA,* , Robert SmalleyB and Steven SiemsC

ABSTRACT 

Monthly humidity (represented as dew point temperature, DWPT) data from 22 land and 5 island 
Australian upper-air sites were analysed, with trends estimated over the 1965–2017 period at 
four pressure levels. Humidity data were selected to ensure that data collected under consistent 
sampling conditions were used (‘modified data’). The quality control process involved examining 
station metadata and applying an objective statistical test that detected discontinuities in the data 
series. At each station and pressure level, modified data series were adjusted (homogenised) on a 
monthly timescale when discontinuities were identified. Analysis of the homogenised (adjusted) 
modified DWPT data indicates that, over the 1965–2017 period, linear trends are mostly positive 
and smaller compared to unadjusted modified data. The all-Australian time-series show positive 
trends at the 850–400-hPa levels. The total increases in DWPT since 1965 at 850-, 700-, 500- and 
400-hPa levels are ~0.5, ~1.2, ~1.3 and ~0.8°C respectively. The increase in humidity in the lower 
and middle troposphere is in accordance with the expectation that, as the troposphere warms, the 
amount of moisture in it should increase (at a differential rate of ~7% °C–1 at low altitudes globally, 
following Clausius–Clapeyron scaling) due to increasing surface evaporation and moisture-holding 
capacity of the air. However, changes in atmospheric dynamics also influence the magnitude and 
distribution of humidity trends. The homogenised modified Australian radiosonde data for the 
850-hPa level show that the amount of moisture at this level increased ~8.8% °C–1 during 1965–2015  

Keywords: Australia, dew point temperature, historical monthly dataset, homogenisation, 
humidity, radiosondes, trends, upper-air. 

1. Introduction 

Humidity measurements made by radiosondes are used in different operational and 
research applications, including weather forecasting, initialising and evaluating numeri-
cal models, validating remotely sensed water vapour data, parameterising cloud pro-
cesses, calculating precipitable water and assessing extreme rainfall potential. These 
records are also used for constructing water vapour climatologies and monitoring their 
trends (Elliott and Gaffen 1991; Miloshevich et al. 2004) as they are the only high- 
resolution, multi-decadal in situ observations of tropospheric water vapour content. 

Water vapour plays a key role in the global hydrological cycle, as it is linked to the 
formation of clouds and precipitation (Trenberth et al. 2007; Sherwood et al. 2010). 
Further, through latent heat exchanges, water vapour is the main method of energy 
transport throughout the atmosphere, and its phase changes provide one of the largest 
heat sources and sinks modulating the large-scale circulation patterns of the atmosphere 
(Hense et al. 1988). Its effect on the radiation balance is particularly important because of 
the polarity of the water vapour molecule, which results in a strong absorption in the 
infrared spectrum. Consequently, as a very potent and abundant greenhouse gas (it accounts 
for ~60% of the natural greenhouse effect for clear skies, Kiehl and Trenberth 1997), it is 
very important in studies of climate change. This is because much of the projected 
temperature increase, which results from the enhanced greenhouse effect, comes from 
the concurrent increase in atmospheric moisture (Held and Soden 2000; Philipona et al. 
2005). Water vapour increase is a key feedback that determines climate sensitivity (Dai 
et al. 2011). 
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In contrast to the generally uniform global distribution of 
other greenhouse gases (CO2, CH4 and N2O), the distribution 
of water vapour in the atmosphere has more regional varia-
bility. Owing to the short residence time of water vapour in 
the atmosphere (~9 days), the typical horizontal (zonal) dis-
tances between its sources and sinks remain near 2000 km, 
which may explain large regional deviations (Hense et al. 
1988; Van der Ent and Savenije 2011; Gimeno et al. 2021) 
and non-uniform distribution of water vapour over the globe. 
Therefore, understanding its historic variability and evolution 
is very important for understanding the present and estimat-
ing future regional climatic changes. 

Some studies estimated trends in humidity from selected 
stations that were assumed to be mostly homogeneous (e.g.  
Hense et al. 1988). McCarthy et al. (2009) and Durre et al. 
(2009) applied methods developed for homogenising tem-
perature data to detect discontinuities and adjust monthly 
radiosonde humidity data. Both studies assumed the exis-
tence of homogeneous reference series, produced from 
humidity data of neighbouring stations. Dai et al. (2011) 
developed a different method of homogenising historical 
records of tropospheric dew point depression (DPD), based 
on two statistical tests used to detect break points, which were 
most apparent in histograms, and occurrence frequencies of 
the daily DPD. Before applying adjustments, Dai et al. (2011) 
estimated missing DPD values using empirical relationships at 
each station between the anomalies of air temperature and 
vapour pressure derived from recent observations when DPD 
reports were available. 

Previous studies have shown that relative humidity (RH) 
near the surface and in the lower troposphere stayed mostly 
constant since the 1970s, despite the increase in air temper-
ature, although a downward trend since c. 2000 was 
reported in surface RH over land (Dai et al. 2011; Byrne 
and O’Gorman 2018; Masson-Delmotte et al. 2021). By con-
trast, there was an increase, over both land and ocean, in 
specific humidity and precipitable water in response to the 
increased temperatures both at the surface and in the tropo-
sphere (Gaffen et al. 1991; Trenberth et al. 2005; Masson- 
Delmotte et al. 2021), with the temperature–moisture 
relationship being modified by changes in dynamical pro-
cesses, for example poleward expansion of the Hadley cell 
(Nguyen et al. 2015; Tabari 2020). On the regional scale,  
Gaffen et al. (1991) and Ross and Elliott (1996, 2001) 
reported an increase in specific humidity over most of 
North America and a small decrease over Europe; Darand 
et al. (2019) found a decrease in specific humidity over most 
of Iran apart from coastal areas; Hense et al. (1988) reported 
an upward trend of 700–500-hPa precipitable water and RH 
over the western Pacific; McCarthy et al. (2009) found that 
homogenised radiosonde data show an increase in specific 
humidity over northern hemisphere extra-tropics; whereas  
Xie et al. (2011) and Zhao et al. (2012) found an increase in 
precipitable water associated with the slight warming in the 
lower to mid-troposphere over China. 

Many researchers investigated changes in trends of dif-
ferent variables that are generally linked to the humidity of 
the atmosphere over Australia. Lucas (2010) found an 
upward trend in observed near-surface humidity. Cai et al. 
(2012) showed that the drying trend in south-eastern 
Australia since the late 1970s in the austral autumn coin-
cides with a poleward expansion of the subtropical dry zone 
in the same season; Nguyen et al. (2015) found that 
the increasing trends of droughts in southern Australia 
could be explained by expansion of the Hadley cell forced 
by an increasing surface global warming; whereas Dey et al. 
(2020), applying a rainfall event-based approach, concluded 
that the north of Australia has experienced an increase in 
frequency of long-duration persistent rain events. 

The purpose of this study is to develop a homogeneous 
upper-air humidity dataset, examine the spatial distribution 
and estimate trends at 850-, 700-, 500- and 400-hPa levels 
for the period 1965–2017. The upper-air network is identi-
fied, and monthly data discussed (Section 2). Following this, 
an analysis is carried out on the biases in the humidity data 
(Section 3) and identification of data inhomogeneities using 
statistical testing (Section 4). The long-term annual and 
seasonal climatologies and trends based on homogenised 
modified humidity data series are presented in Section 5 
and conclusions are summarised in Section 6. 

2. Australian radiosonde network and data 

In this work we analyse dew point temperature (DWPT) data 
for 22 Australian sites located over the mainland and 
Tasmania, which have long records (40 or more years). 
A long record enables the detection of any underlying signal 
(trend), as it becomes distinct from the ‘noise’ introduced by 
natural climate variability. In addition, data from five island 
sites are also analysed: the subantarctic Macquarie Island, 
Lord Howe Island in the Tasman Sea, Norfolk Island in the 
south-west Pacific Ocean, Willis Island in the Coral Sea and 
Cocos Island (formally known as Cocos (Keeling) Islands) in 
the eastern Indian Ocean. The list of stations included in the 
upper-air network is shown in Table 1 and their spatial 
distribution in Fig. 1. The distribution of the stations is 
uneven across Australia, with stations concentrated in the 
more highly populated areas of the south-east and south- 
west and sparse coverage across the central and northern 
parts of the continent. The low density of upper-air stations 
in northern Australia is partly due to lower spatial and 
temporal variations in upper-air conditions in equatorial 
than in high-latitude regions (Bureau of Meteorology 1980). 

The information on the history of measurements and 
observation sites is important for a successful detection of 
inhomogeneities in climate data series as non-climatic influ-
ences can be confirmed and attributed only with the use of 
good-quality metadata. Metadata contain information about 
how observational datasets were created, the level of quality 
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control, observational times and methods, instrumentation, 
observation sites and other relevant details. Supplementary 
Table S1 summarises historic information related to changes 
in instrumentation and observation practices, taken from 
the Bureau of Meteorology’s paper history files and, for 
more recent times, electronic metadata database (Sites DB, 
established in 1997). Additional information was found in a 
World Meteorological Organization (WMO) report summar-
ising results of an international survey of historical changes 
in radiosonde instruments and practices (Gaffen 1993), and 
Vaisala technical documentation. Supplementary Table S1 
summarises the potential causes for inhomogeneities in 
DWPT data series based on changes in radiosonde or sensor 

types and algorithms for processing data received from 
radiosondes. In Australia, these changes occurred approxi-
mately at the same time at all stations in the upper-air 
network. For the study period, the majority of examined 
data series had two discontinuities, associated with changes 
in types of radiosondes or humidity sensors. More informa-
tion about the Australian upper-air network, as well as the 
collected metadata, can be found in Jovanovic (2014) and  
Jovanovic et al. (2017). 

The measured radiosonde RH data are stored in the 
Australian Data Archive for Meteorology (ADAM) climate 
database as DWPT. By definition, DWPT is the temperature 
to which a parcel of moist air has to be cooled, under 

Table 1. Identification numbers, names, latitudes and longitudes of stations included in the historical upper-air humidity dataset.       

Station 
numbers 

Station names Latitude (°S) Longitude (°E) Start year of 
the analysis   

3003 Broome AP 17.95 122.24 1965 

4032 Port Hedland AP 20.37 118.63 1965 

5007/6011 Learmonth AP 22.24 114.10 1965 

9021 Perth AP 31.93 115.98 1965 

9741 Albany AP 34.94 117.80 1966 

9789 Esperance 33.83 121.89 1969 

12038 Kalgoorlie-Boulder AP 30.78 121.45 1965 

13017 Giles MO 25.03 128.30 1965 

14015 Darwin AP 12.42 130.89 1965 

15590 Alice Springs AP 23.80 133.89 1965 

23034 Adelaide AP 34.95 138.52 1965 

29127 Mount Isa Aero 20.68 139.49 1975 

32040 Townsville Aero 19.25 146.77 1965 

39083/39123 Rockhampton Aero 23.38 150.48 1974 

40842/40223 Brisbane Aero 27.39 153.13 1965 

44021 Charleville Aero 26.41 146.26 1965 

48027 Cobar MO 31.48 145.83 1965 

53115/53048 Moree Aero 29.49 149.85 1965 

61078 Williamtown RAAF 32.79 151.84 1965 

72150 Wagga Wagga AMO 35.16 147.46 1966 

86282/87031 Melbourne AP 37.67 144.83 1965 

94008 Hobart AP 42.83 147.50 1965 

200283 Willis Island 16.29 149.97 1965 

200284 Cocos Island 12.19 96.83 1973 

200288 Norfolk Island 29.04 167.94 1965 

200839 Lord Howe Island 31.54 159.08 1965 

300004 Macquarie Island 54.50 158.94 1965 

The starting year of the analysis of monthly data is indicated in the last column. Double station numbers indicate that data from two neighbouring sites were 
merged. AMO, Aeronautical Meteorological Office; AP, Airport; MO, Meteorological Office; RAAF, Royal Australian Air Force.  
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constant conditions (i.e. constant pressure and no evapora-
tion), in order for the water vapour to condense. We could 
have chosen to convert daily DWPT to RH or specific humid-
ity before undertaking further analysis. However, we 
instead decided to keep DWPT, in order to be consistent 
with the work of Lucas (2010), who evaluated trends in the 
near-surface humidity over Australia. In addition, the DWPT 
has a physical representation that is easy to understand, as 
well as familiar units of degrees Celsius. 

From 1958, upper-air soundings in Australia were 
performed at 23:00 hours UTC, which corresponded to 
09:00 hours Australian Eastern Standard Time (AEST). The 
second sounding time at 11:00 hours UTC (21:00 hours 
AEST) was added to the observation program in the late 
1990s. Data series for the latter sounding time were not used 
in this study as they were deemed too short for trend 
analysis. 

The DWPT data for 23:00 hours UTC time were retrieved 
from the ADAM database for the 850-, 700-, 500- and 
400-hPa levels, and monthly data were generated for each 
station by averaging all available daily values. Prior to 

1987–1988, when the Vaisala RS-80 radiosonde was intro-
duced at all sites in the upper-air network, there were no 
DWPT data at levels above 400 hPa. This is because DWPT 
was calculated using a mixing ratio calculator (Bureau of 
Meteorology 1976). As measurements of RH were difficult 
to make under the cold and dry conditions, the quality of 
humidity data was generally thought to decrease with 
decreasing water vapour content, temperature and pressure 
(Elliott and Gaffen 1991). Hence, humidity measurements 
were not recorded above the 400-hPa level. 

3. Biases in upper-air humidity data 

Measuring water vapour in the upper atmosphere is very 
difficult, as absolute concentrations decrease by an order of 
magnitude from the surface to the stratosphere (McCarthy 
et al. 2009). Humidity sensor performance depends on 
the fast exchange of water molecules with air, and low 
water vapour mixing ratios combined with the cold temper-
atures make measurement difficult. This, together with 

Qld

Mount Isa

Vic.

WA

Fig. 1. Locations of 27 stations included in the historical upper-air humidity dataset; also indicated are different Australian 
states and territories (abbreviations: Vic., Victoria; SA, South Australia; NSW, New South Wales; Qld, Queensland; 
NT, Northern Territory; WA, Western Australia).    
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inhomogeneities in the data, has a limiting effect on our 
ability to detect temporal changes in global atmospheric 
water vapour (McCarthy et al. 2009). 

The apparent drop in DWPTs at the end of the 1980s 
(shown in Fig. 2 for Hobart) is a result of a sampling bias in 
the original (raw) humidity data caused by missing cold obser-
vations (McCarthy et al. 2009) that occurred during the earlier 
period. Prior to 1982–1983, it was standard practice in 
Australia to report humidity measurements as missing if the 
air temperature was below −40°C. This was because an early 
type of humidity sensor (the lithium chloride strip) was con-
sidered unreliable at and below these temperatures (Elliott and 
Gaffen 1991). After 1982–1983, when the VIZ carbon humid-
ity element was introduced, humidity was reported as missing 
if the ambient temperature was below −60°C (Gaffen 1993), 
whereas after the Vaisala Humicap sensor came into use in 
1987–1988, RH was measured when the ambient temperature 
was down to −90°C (Bureau of Meteorology 1999). 

Another sampling problem is related to missing dry 
observations. Due to low humidity measurements being 
considered unreliable, if the measured RH was below 20%, 
in some countries it was either recorded as a RH of 19% or 
as a DPD of 30°C (McCarthy et al. 2009). Prior to the 1980s, 
the practice in Australia was to report a constant humidity 
record (below ~20%) as a DPD of 30°C (Gaffen 1993), as 
early humidity sensors performed poorly at low humidities. 
In particular, at very low humidities, the sensors lacked 
sensitivity to changes in humidity (as the instrument 
response depends on the number of water molecules pres-
ent). When the stage of a more or less constant humidity 
trace was reached, it was assumed that the sensor had gone 
beyond its measurement capability, and the air was consid-
ered dry (Bureau of Meteorology 1986); this was reported as 
a DPD of 30°C, and in the conversion and storage within the 
Bureau’s climate database it was recorded as missing DWPT. 

These biases are known by the common name of ‘sampling 
biases’. As radiosonde humidity sensors have been improved 
over time to have shorter response times and smaller errors 
under cold conditions, there has been increased sampling and 

reporting of cold and dry conditions at a given pressure level 
(Dai et al. 2011). However, both mentioned sampling prac-
tices resulted in a bias in monthly means during the period 
1965–1988 and in spurious trends during 1965–2017 because 
of the termination of these practices in the late 1980s 
(McCarthy et al. 2009; Sherwood et al. 2010). 

Apart from sampling biases, which have caused disconti-
nuities at the times of changes in observational practices, 
the introduction of new types of humidity sensors with 
different sensitivities and response times, as well as changes 
in the humidity sensor housing, could also have caused 
discontinuities in monthly mean data series (known as ‘mea-
surement biases’, McCarthy et al. 2009). In Australia, the 
lithium chloride strip sensor was replaced in 1982–1983 
with the VIZ carbon element. A further improved humidity 
sensor (Humicap) was introduced in 1987–1988 when the 
Vaisala RS80 radiosonde came into use. Also, from 1983 
humidity sensors were mounted in a new ‘hygristor duct’, 
which provided effective radiation shielding for the humid-
ity sensor. Other potential reasons for inhomogeneities in 
DWPT data series can be related to changes in the data 
processing (i.e. improved humidity measurement algorithm 
and revised solar radiation correction table c. 2010), or in 
the algorithms used for converting RH to DWPT as in the 
case of the introduction of modern, automated systems (i.e. 
PC-Cora in 1990–1991) (Dai et al. 2011). Obviously, simply 
using only the existing (raw) data would introduce a bias 
that would influence estimated trends (Fig. 2). 

To estimate trends in DWPT over the longest possible 
period, it is necessary to use only data collected under the 
same sampling conditions. This is enabled by modifying 
DWPT time series by removing the daily DWPT data (from 
the later period of record) if the ambient temperature is 
below −40°C and the RH below 20%. The algorithm for 
converting RH to DWPT follows: 

b t u t
t u

DWPT = × ((b + ) × ln( ) + a × )
÷ (a × b (b + ) × ln( ))

–60
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Fig. 2. Monthly mean DWPT (original data) for the 
700- and 400-hPa levels, recorded at Hobart Airport 
(monthly means calculated if at least 10 daily mea-
surements per month were available), for the period 
1965–2017.    
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where t is the measured ambient temperature, and: 

u = RH ÷ 100

where a and b are empirical constants (a = 17.502 
and b = 240.97). This equation was proposed by the 
International Organising Committee for the WMO 
Hygrometer Intercomparison (Gaffen 1993) and is used here 
as, from the available historic information, it was not possible 
to determine the algorithm used in Australia for calculating 
DWPT based on the measured RH and ambient temperature. 

The number of removed daily data varied depending on 
the station location and, in particular, on the level, with the 
number of removed data increasing from lower to the higher 
levels (2–12% at 850 hPa, and up to 25% at 400 hPa). 

Gaffen et al. (1991) concluded that at least three observa-
tions per month were needed to estimate a monthly mean that 
falls within the 0.10 confidence bands. We decided to produce 
monthly means (based on modified DWPT data) if at least five 
observations in a month were available. However, most 
months, especially at the 850- and 700-hPa levels, had more 
observations, and estimates of monthly means had generally 
much higher confidence levels. Note that the modified data 
series for 1965–2017 did not include daily DWPT data if the 
ambient temperature was below −40°C and RH below 20%, 
which resulted in monthly means being biased high. 

If less than five observations in a month were available, the 
monthly mean was classified as missing. Missing monthly 
means were generally located at the 500- and 400-hPa levels 
and were replaced with averages for respective months (from 
the period between break points); this was justified by gener-
ally lower interannual variability in DWPT at these levels, 
which correspond to ~5.5 and ~7.0 km above the mean sea 
level respectively, as well as by high consistency between the 
neighbouring sites. 

A comparison between the original (raw) and modified 
DWPT monthly data series for the 850-hPa level (Charleville 
Aero, 44021) is given in Fig. 3. After removing part of the 
daily data (as described above), the resultant modified data 
series is more uniform (Fig. 3a), as it contains only data 
measured under the same conditions. This has an obvious 
consequence on the analysed trends (Fig. 3b): original (raw) 
data show a slightly positive trend (0.04°C decade–1, 
monthly values outside the three standard deviations were 
deleted), whereas modified data show a much stronger 
positive trend of 0.53°C decade–1. Note that we will further 
examine and discuss results based on the modified DWPT 
monthly data, as the original (raw) data contain different 
biases and were not suitable for the further analysis. 

4. Determination of inhomogeneities in data 
series 

In general, detection of break points in upper-air data is 
more complicated than for surface data because of the 

sparsity of the station network, simultaneous changes in 
radiosonde or sensor types, or operational procedures across 
the network, and the absence of reliable reference series. 

To objectively determine discontinuities (break points), 
modified monthly data series were tested using RHTests soft-
ware (ver. 4, see https://github.com/ECCC-CDAS/RHtests;  
Wang and Feng 2013), both without and with reference series 
(at both 99 and 95% confidence levels). The statistical test 
used in the software for the case without a reference series is 
the penalised maximal F test. This allows the time series to 
have a linear trend throughout the whole period of record but 
without a shift in the trend itself. When a reference series is 
available, the t statistic is used to identify unknown break 
points by locating the point in the difference data series 
where there is a significant shift in the mean (Wang et al. 
2007; Wang 2008a, 2008b); in other words, a modified 
DWPT data series is compared to a reference series that is 
homogeneous (free of discontinuities), and any disagreement 
between the two series is likely to be due to a discontinuity in 
the modified DWPT series. 

Using data from neighbouring sites as reference series is 
not appropriate for upper-air DWPT due to the simultaneous 
changes of radiosondes, sensors or operational procedures. 
There are also no reliable independent reference series (for 
example, long homogeneous satellite humidity records). 
However, due to the link between water vapour in the atmo-
sphere and the formation of clouds and precipitation, we 
decided to use as reference series monthly (log-transformed) 
precipitation data from the candidate site or from neighbour-
ing sites included in the Australian climate change site net-
work (see http://www.bom.gov.au/climate/change/#tabs= 
Tracker&tracker=timeseries). These were previously tested 
and considered to be homogeneous. The use of precipitation 
data from neighbouring sites is justified as Jones and 
Weymouth (1997) examined the spatial correlations of 
monthly rainfall observations and found significant correla-
tions across large distances (correlation greater than 0.5 over 
distances of 300 km or more), thus confirming considerable 
spatial homogeneity in monthly variance structures. Initial 
testing for selected candidate sites gave promising results, as 
identified break points were generally supported by the meta-
data. Note that the choice of rainfall as reference series does 
not have any impact on resulting climatology and trends. 

Break points found in the majority of modified data 
series, obtained by applying the statistical test, are predom-
inantly related to the introduction of new types of radio-
sondes or humidity sensors in 1982–1983, 1987–1988 and 
2006. These results are consistent with the results obtained 
by analysing radiosonde temperature data, where major 
break points were found mostly in the same years 
(Jovanovic et al. 2017). This is because, in general, the 
humidity sensor transmits a signal that is proportional to 
the RH, but which is also affected by the temperature of the 
hygristor. The radiosonde temperature is used both to cor-
rect the reading of the hygristor, and to convert the RH to 
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DWPT (Elliott and Gaffen 1991), thus resulting in tempera-
ture and DWPT time series generally exhibiting discontinu-
ities at the same time. 

The most frequent break point at the 850- and 700-hPa 
levels was in 1982–1983, when in the MARK radiosonde, 
the lithium chloride strip sensor was replaced with the VIZ 
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Fig. 3. Monthly time series (850 hPa): (a) original 
dew point temperature (DWPT) data (red line) and 
modified data (blue line); note the increase in mag-
nitude of lower monthly DWPTs in the most recent 
part of the original (raw) data record; (b) the same as 
above but for the shorter 2005–2017 period; and 
(c) corresponding annual DWPT time series for both 
original (raw) and modified data with fitted least 
squares linear regression. Data are for Charleville 
Aero station (44021).    
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carbon element located in the hygristor duct, which pro-
vided effective radiation shielding. At the 500- and 400-hPa 
levels the most frequent break point was in 1987–1988, 
when the MARK radiosonde was replaced by the Vaisala 
RS80-15 radiosonde, which had a thin film capacitor humid-
ity sensor (Humicap); in addition, solar radiation correc-
tions were also applied for the first time. The third most 
frequent break point was in 2006–2007 and was related to 
the change from the Vaisala RS80 to Vaisala RS92 which 
had a heated twin-Humicap. Note that for five sites with 
merged data (where data series from two neighbouring sites 
with shorter records were combined to get one longer data 
series), statistical testing did not indicate break points at the 
time of the data merge, except for the Learmonth AP where 
a pronounced discontinuity was found in 1988 at all four 
levels. This could be a result of merging dew point 
data series from two sites ~300 km apart. However, a new 
type of radiosonde was introduced at approximately the 
same time, and it cannot be confidently concluded which 
of the two was the primary source of the discontinuity. 

Modified DWPT series were homogenised (by adjusting 
data in identified break points) if the same break points 
were determined using at least two different rainfall data 
series as reference series (the exception were Giles and 
remote island sites where only one rainfall series was 
used, as there were no nearby sites and hence no additional 
available rainfall data series). Additionally, identified break 
points also had to be supported by the metadata. For a given 
level, adjustments for each month were calculated using a 
change in mean, calculated for each month from the 
discontinuity-free period of modified DWPT data on either 
side of the change point; usually 6–8-year-long segments 
were used in order to minimise the influence of low- 
frequency variability (e.g. radiative forcing or anthropo-
genic causes, Lanzante et al. 2003). Adjustments were 
applied by a uniform shift to bring each segment of the 
time series into agreement with the most recent homoge-
neous part of the series, assuming that sensors have gener-
ally improved in more recent times. 

Most data series needed two adjustments. The size of 
most adjustments was 0.5–1.5°C (annual value). The adjust-
ments were positive, indicating that changes of radiosonde 
or sensor types in 1982–1983, 1987–1988 (also including 
application of solar radiation corrections) and 2006–2007 
lead to an increase in measured DWPT. This is likely the 
result of reductions in a dry bias caused by solar heating of 
the sensors (Gaffen et al. 1991; Moradi et al. 2013). 

The number of validated break points, magnitude of 
adjustments and estimated linear DWPT trends (based on 
annual means in homogenised modified data series) are 
given in Supplementary Table S2. At all four levels, trends 
calculated after adjustments all show lower magnitudes than 
before adjustments were made, because increases in mea-
sured DWPT caused by introduction of new radiosonde or 
sensor types were eliminated by homogenisation. It is likely, 

however, that natural variability was partly removed as 
well, because 1982–1983, 1987–1988 and 2006–2007 
were years of ENSO events. Despite this, the trends esti-
mated from homogenised modified data series for the period 
1965–2017 are considered to be closer to the real trends 
than those estimated from the modified DWPT data series 
prior to homogenisation. An example of a modified monthly 
DWPT series, and the unhomogenised and homogenised 
modified annual DWPT data series for one station 
(Charleville Aero) for the 700-hPa level is shown in Fig. 4. 
A comparison between the all-Australia DWPT time series 
based on the unhomogenised and homogenised modified 
data for the 700-hPa level is shown in Fig. 5a, whereas 
strong correlations that exist between unhomogenised and 
homogenised modified data for four periods that correspond 
to major changes in equipment are shown on Fig. 5b. 

5. Results 

The upper-air DWPT dataset (based on homogenised mod-
ified data) was analysed in order to determine the spatial 
distribution as well as the interannual variability and trends 
in DWPT at the 850–400-hPa levels on annual and seasonal 
time scales. 

For gridding data, we used the objective analysis method 
of Barnes (1964) to produce annual and seasonal climato-
logical and trend maps for Australia. Using this method, the 
analysis is derived in which the grid point values are based 
on data at the closest observation points. Before applying 
the Barnes analysis, the analysis parameters were optimised 
using a minimum root-mean-square error estimate 
(Seaman 1989). 

The long effective length scale determined from the opti-
mised process allow for coverage across Australia. 

5.1. Climatology 

5.1.1. Climatology maps 
For producing upper-air DWPT climatology maps shown 

in Fig. 6 and 7, we used the 1971–2000 period as the base 
climatology. Note that the colour bar on the right-hand side 
of each map changes with each level. 

The 850-hPa climatology map (Fig. 6a) shows that the 
annual mean DWPTs decrease from the northern parts of 
Australia towards the south, indicating higher humidity 
values over the tropical latitudes. This is the result of the 
high evaporation in the low latitudes and the prevalence of 
warm air masses, which can contain large amounts of water 
vapour (Peixoto and Oort 1992). Maximum 850-hPa DWPT 
values (10–12°C) are found over the far north of the 
Australian continent and eastern part of the Cape York 
peninsula, and somewhat lower DWPTs (6–10°C) over 
most of the north and north-east of the country. Over the 
south-eastern parts of Australia, annual mean DWPTs have 
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lower values, reaching minima (between 0 and −2°C) over 
south-eastern South Australia, parts of western and southern 
Victoria, and Tasmania. There is a broadly zonal gradient in 
humidity, with some departure from the zonal pattern, for 
example along the east coast (where higher DWPTs extend 
down the coast, likely a result of the predominant moist 
south-easterly trade wind flow, as well as the impact of 
topographic characteristics, i.e. the Great Dividing Range). 
The distribution of DWPT at the 850-hPa level is in contrast 
with distribution of DWPT at the surface (not shown here), 
where minimum values are reached over the arid centre of 
the continent (Lucas 2010). 

Seasonal maps for the 850-hPa level indicate considera-
ble intraannual variability. The austral summer map shows 
high values of DWPTs over most of Australia, with highest 
values above the far north of the continent (due to advection 
of moisture by monsoonal flows). By contrast, the austral 
winter map shows low (negative) DWPTs approximately 
over the southern two-thirds of the country, with driest air 
extending throughout the south-eastern parts, as a result of 
the low moisture-holding capacity of cold air. In spring and 

autumn, the distribution of DWPTs mostly follows the 
annual pattern. However, note that at this level, seasonal 
maps are influenced by the diurnal cycle and heating and 
mixing of air in the convective boundary layer; these are 
particularly strong in the austral summer. 

At the 700-, 500- and 400-hPa levels (Fig. 7), there is an 
overall decrease in specific humidity reflected in the progres-
sively lower DWPT at each level. The decrease in annual mean 
DWPT from the northern parts of Australia towards the south is 
more zonal at these levels compared to the 850-hPa level, and 
gradients are stronger over the southern half of the country. 

Similar to the 850-hPa level, seasonal maps for the 
700–400-hPa levels (not shown here) indicate considerable 
intraannual variability. The austral summer maps show rel-
atively high DWPT values over the northern third of 
Australia, whereas during the austral winter, which coin-
cides with the dry season in the region, DWPT gradients are 
weak. The lowest DWPTs and strongest gradients are over 
south-eastern Australia during the austral winter. 

This zonal distribution of humidity over Australia is in 
agreement with the distribution of upper-air temperature 
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Fig. 4. (a) Monthly dewpoint temperature 
(DWPT) anomalies (with the mean annual cycle sub-
tracted) for the 700-hPa level at Charleville Aero 
(break points in 1983 and 2006 are indicated by 
arrows), and (b) unhomogenised and homogenised 
modified annual DWPT series for the same level.    
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(Jovanovic et al. 2017). This was expected because the 
temperature determines the upper bound of the water 
vapour content in the air (Ross and Elliott 1996). It is also 
in agreement with the description given by Peixoto and Oort 
(1992). However, because the observations made under 
the cold and dry conditions were not included in the 
homogenised modified DWPT data series, climatology 
maps show that DWPTs are biased high (Supplementary 
Fig. S1 and S2). 

5.2. DWPT trends 

5.2.1. All-Australia DWPT time series 
For estimating trends in DWPT we used a least squares 

linear regression method for 1965–2017. The all-Australia 
annual mean DWPTs at the 850-, 700-, 500- and 400-hPa 
levels show high interannual variability and positive trends 

with magnitudes of 0.09 ± 0.12, 0.23 ± 0.11, 0.25 ± 0.11 
and 0.15 ± 0.12°C decade–1 respectively (Fig. 8). Trends 
at the 700-, 500- and 400-hPa levels are significant. 
These are in accordance with trend magnitudes within 
±0.4°C decade–1 found by Dai et al. (2011), although for 
the shorter 1973–2008 period. The total increases in DWPT 
since 1965 at 850-, 700-, 500- and 400-hPa levels are 0.50, 
1.23, 1.30 and 0.82°C respectively; when expressed as spe-
cific humidity these increases respectively correspond to 
~0.1, 0.3, 0.1 and 0.04 g kg–1. For reference against these 
changes, national mean specific humidity for the 850-, 700-, 
500- and 400-hPa levels are 5.8, 3.9, 1.5 and 0.74 g kg–1 

respectively. 
Expressed as an increase in the annual mean DWPT, all- 

Australian time series indicate an increase of moisture con-
tent at the 850–400-hPa levels. Physical principles suggest 
that, as the troposphere warms, the amount of moisture in it 
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Fig. 5. (a) The all-Australia dew point temperature 
time series based on unhomogenised modified data 
(‘Modified’) and homogenised modified data 
(‘Homogenised’) for the 700-hPa level and (b) the 
corresponding scatter diagram showing relationships 
between the data for four indicated periods, selected 
mostly in accordance with the major changes in 
equipment.    
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Fig. 6. Maps of 1971–2000 mean 850-hPa DWPT for (a) annual, (b) autumn (MAM), (c) winter (JJA), (d) spring (SON) and (e) 
summer (DJF).    
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should increase ~7% °C–1 at lower altitudes (Stocker et al. 
2013; Allan et al. 2020). The homogenised modified 
Australian radiosonde data for the 850-hPa level show that 
the amount of moisture at this level increased ~8.8% °C–1 

during 1965–2015. This value was obtained by dividing a 
change in normalised specific humidity with a change in 
temperature at the 850-hPa level; as the homogenised radio-
sonde temperature data are available only to 2015, the 
increase of the amount of moisture at this level was calcu-
lated for 1965–2015. The general increase in DWPT at the 
850-hPa level over Australia is in agreement with an upward 
trend in observed near-surface humidity (for 1957–2003) 
previously found by Lucas (2010), with the magnitude of the 
nationally averaged trend in surface dew point at just over 
0.1°C decade–1. 

We did not compare our results with the output from the 
reanalysis because previous work (Dai et al. 2011) showed 
that water vapour trends in atmospheric reanalysis were 
significantly affected by inhomogeneities in radiosonde 
humidity data, and thus cannot be trusted. 

The increasing moisture content in the Australian region 
coincides with the general increase in the annual sea surface 
temperatures (SSTs) (Richardson and Pattiaratchi 2020;  
Masson-Delmotte et al. 2021; Cheng et al. 2022) around 
Australia over the same period of time, consistent with the 
strong relationships between atmospheric humidity and SSTs 
on global scales (Trenberth et al. 2005). The warming SSTs 
are associated with positive trends in evaporation in the 
oceans surrounding Australia (Holgate et al. 2020a). Ocean 
evaporation is the primary source of atmospheric moisture 
for rainfall across Australia (Holgate et al. 2020a) and plays 
an important role in drought development and recovery 
(Holgate et al. 2020b). Increasing SSTs also lead to increas-
ing occurrence of heavy rain events (Trenberth 2012) from 
atmospheric systems that advect moisture particularly from 
warm waters around northern Australia. 

Fig. 8 shows the relationship between the all-Australian 
DWPT time series at the 850–400-hPa pressure levels com-
pared to the all-Australian rainfall totals. The interannual 
variability in all time series is similar, with periods of high 
rainfall corresponding to periods of higher DWPT values at 
all levels. Similarly, periods of lower rainfall agree well with 
periods of lower DWPTs. Correlation coefficients (R) 
between rainfall series and DWPT series at the 850-, 700-, 
500- and 400-hPa levels are 0.71, 0.68, 0.57 and 0.72 
respectively. Although R for all four levels are significant 
(P < 0.001), only R at the 500-hPa level is of much lower 
magnitude at the other levels. At the 850- and 400-hPa 
levels, the variance in DWPT is still explained by only 
50% of the variance in rainfall. 

The interannual variability in the Australian annual mean 
DWPT time series results from a strong periodic influence by 
climate drivers such as El Niño–Southern Oscillation 
(ENSO), the Indian Ocean Dipole (IOD) and the Southern 
Annular Mode (Risbey et al. 2009; King et al. 2014). During 
La Niña (El Niño) phase of ENSO, the atmospheric circula-
tion enhances (reduces) humidity over eastern Australia. 
Similarly, when IOD is positive (negative), Indian Ocean 
waters to the north-west of the continent are cooler 
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Fig. 7. Maps of 1971–2000 mean DWPT for (a) 700-, (b) 500- and 
(c) 400-hPa levels.   

www.publish.csiro.au/es                                                                                 Journal of Southern Hemisphere Earth Systems Science 

159 

https://www.publish.csiro.au/es


(warmer) than average and there is less (more) moisture in 
the air. 

The influences of both ENSO and IOD are shown in a 
change in the amount of total rainfall. During the warm 
ENSO phase (El Niño), total rainfall measured across 
Australia is generally lower than normal. By contrast, during 
the cold ENSO phase (La Niña), conditions are generally wet-
ter in Australia. For example, La Niña periods 1973–1975, 
1998–2001 and 2010–2011 are characterised by high DWPT 
values at all levels and the high total rainfall amounts (Fig. 8). 
The opposite is seen for the 1993–1994 and 2002–2003 peri-
ods, which correspond to El Niño events (i.e. very low DWPTs 
and total annual rainfall). Similarly, when the IOD is positive 
(i.e. in 1972, 1994, 2012 and 2015), parts of Australia experi-
ence drier conditions, leading to lower than normal total rain-
fall for Australia, whereas a negative IOD results in above 
average rainfall (i.e. in 1974, 1998, 2010 and 2016). 

Correlations between the annual DWPT and the Southern 
Oscillation Index (SOI) were calculated for each site over a 
50-year period (1965–2015). The strongest correlations at 

the 850-hPa level (Fig. 9a) were for the south-east of the 
continent and for Willis and Norfolk Islands (not shown on 
the map), whereas the weakest correlations were over 
Australia’s south-west. Correlations between the annual 
DWPT and Dipole Mode Index (DMI1) for the 850-hPa 
level (Fig. 9b)were strongest for the north-west and south- 
east of the continent, and for Cocos Island. The weak nega-
tive or positive correlations were found for Australia’s 
south-west. Despite a spatial pattern of correlation between 
DWPT and SOI, and DWPT and DMI, that broadly resembles 
the pattern of correlation between rainfall and SOI and DMI, 
R values were not significant at any site with the exception 
of Melbourne AP (between DWPT and SOI). 

These patterns of correlation between the annual homo-
genised modified DWPT data and the SOI and DMI are 
broadly consistent with patterns of correlation between 
these indices and rainfall. Risbey et al. (2009) showed that 
ENSO influences rainfall in eastern and northern Australia, 
whereas the IOD influences rainfall in the south and west of 
the continent. 
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Fig. 8. 1965–2017 annual mean DWPTs for 
Australia at the 850-, 700-, 500- and 400-hPa levels 
show positive trends with magnitudes of 0.09 ± 0.12, 
0.23 ± 0.11, 0.25 ± 0.11 and 0.15 ± 0.12°C decade–1 

respectively. Also shown is total annual rainfall.    

1DMI represents temperature gradient between SST of the tropical western and eastern Indian Ocean. 
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5.2.2. Trend maps 
Fig. 10 shows maps of 1965–2017 trends in annual mean 

DWPT (based on the homogenised modified data) at the 
850–400-hPa levels. There is a general increase in humidity 
at all levels, with strongest increases during the summer 
(not shown). Trends for each site and information about 
their statistical significance are shown in Supplementary 
Table S2. 

Fig. 11 shows annual and seasonal contour maps of 
1965–2017 trends in mean DWPT at the 850-hPa level 
based on the homogenised modified data. For comparison, 
a map of annual trends for the same period of time based on 
the original (raw) data is shown in Fig. 12. Naturally, using 
original (raw) data on its own would produce erroneous 
results due to the biases they contain. 

The 850-hPa level annual DWPT trend map for the period 
1965–2017 based on homogenised modified data (Fig. 11a) 
shows increasing trends above most of Australia. The strongest 
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Fig. 10. Maps of 1965–2017 trends in annual mean DWPT at 
(a) 850-, (b) 700-, (c) 500- and (d) 400-hPa levels. Units are degrees 
Celcius per decade. Maps are based on the homogenised modi-
fied data.   
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Fig. 11. Maps of 1965–2017 trends in mean dew point temperature (DWPT) at the 850-hPa level: (a) annual, 
(b) autumn (MAM), (c) winter (JJA), (d) spring (SON) and (e) summer (DJF). Maps are based on the homogenised 
modified data. Units are degrees Celcius per decade.    
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increase in DWPT is in the north-west of Western Australia, 
where it is generally 0.3–0.4°C decade–1. Most of the Northern 
Territory, South Australia, New South Wales and south-western 
Queensland show an increase in DWPT of 0.1–0.2°C decade–1. 
Trends are negative in south-west Western Australia, 
Tasmania, most of Victoria, and north-east and far east 
Queensland, with the strongest decreases over Tasmania 
and north-east Queensland (0.1–0.2°C decade–1). 

We also examined seasonal long-term trends (Fig. 11b–e). 
Autumn and winter show decreasing trends in DWPT over 
much of Australia. In spring, negative DWPT trends are 
found over south-west Western Australia, Tasmania and 
north-east Queensland, whereas positive trends (mostly 
0.20–0.40°C decade–1) are found over the north-west, cen-
tral and most of the southern and eastern parts of the conti-
nent. In summer, DWPTs increase generally everywhere 
except over Tasmania. 

The increase in humidity at the 850-hPa level over north-
ern Australia is in accordance with observed increases in 
rainfall across all seasons, but especially in the north-west in 
the period of October–April (Clark et al. 2018). This is also 
in accordance with an increase in the annual number of days 
with the Australian north-west cloudband in recent decades 
(Reid et al. 2019) and with an increase in frequency of long- 
duration persistent rain events (Dey et al. 2020). 

The decreasing humidity at 850 hPa over the south-west 
and south-east of Australia during winter months is consist-
ent with observed reductions in rainfall in these areas (Hope 
et al. 2006; Risbey et al. 2009). It was previously found that 
large decreases for both seasonal and annual rainfall in 
south-west Western Australia and southern Australia are 
primarily due to the southward shift in rain-bearing synop-
tic circulations since the 1970s, which have been partly 

attributed to natural variability, to expansion of the 
Hadley cell forced by an increasing surface global warming 
(Nguyen et al. 2015) and stratospheric ozone depletion 
(Hope et al. 2006; Frederiksen and Frederiksen 2011; Dey 
et al. 2020). The decreasing trend in humidity over north- 
east Queensland could potentially be a response to changes 
in the atmospheric circulation that generate anomalous sub-
sidence at high and middle levels of the atmosphere, inhi-
biting convective formation of clouds over the region; there 
is also evidence of weakened tropical easterlies that conse-
quently reduce the moisture advection onto the coast 
(Taschetto and England 2009). 

Maps of 1965–2017 trends in mean DWPT at the 850-hPa 
level (Fig. 11) are much smoother than maps of trends in 
mean rainfall (Fig. 13) given that there are far fewer stations 
in the upper-air network (22) than in the rainfall network, 
resulting in less detail shown on the 850-hPa trend maps. 
However, there is broad consistency between respective 
maps (Fig. 11 and 13), reflecting corresponding trends in 
both variables. 

Analysis of trend maps for the shorter period 1992–2017 
(Fig. 14), which covers the time interval after the change to 
Vaisala radiosondes, revealed that maps at each level show 
generally increasing (and stronger) DWPT, confirming that 
the increases since 1965 are not the artificial result of the 
change to a new radiosonde or sensor type. The only excep-
tions are negative trends over parts of north-eastern 
Australia found at all four levels for the shorter period. 

Australian remote tropical and subtropical islands 
show decreasing trends in DWPT at the 850-hPa level 
(Supplementary Table S2); by contrast, subantarctic 
Macquarie Island shows an increasing DWPT trend at this 
level. These results are generally consistent with changes in 
rainfall at these sites (Jovanovic et al. 2013) over the same 
period. At 700–400-hPa levels, there is an increasing trend 
in DWPT for all remote island sites except Norfolk Island, 
where trends are generally weak and, at the 400-hPa level, 
there is a decreasing DWPT trend. 

6. Conclusions 

The climatology, long-term trends and temporal variability 
of radiosonde humidity over Australia were analysed using 
homogenised modified monthly data from 22 stations in the 
Australian upper-air network. In addition, we also analysed 
data from the five stations located on the Australian remote 
islands. 

Radiosonde humidity data contained sampling biases due 
to the inability of earlier sensors to perform sampling and 
reporting of cold and dry conditions. To be able to estimate 
trends over the longest possible period of time, it was nec-
essary to use only data collected under the same sampling 
conditions. This was enabled by modifying raw DWPT time 
series by removing the daily DWPT data (from the later 
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Fig. 12. Annual map of 1965–2017 trends in mean dew point 
temperature (DWPT) at the 850-hPa level based on the original 
(raw) data. Units are degrees Celcius per decade.   

www.publish.csiro.au/es                                                                                 Journal of Southern Hemisphere Earth Systems Science 

163 

https://www.publish.csiro.au/es


Trend in rainfall
annual 1965–2017

Australian Bureau of Meteorology

Trend in rainfall
March–May 1965–2017

Australian Bureau of Meteorology

http://www/bcm.gov.au

60

50

40

30

20

10

0

–10

–20

–30

–40

–50

–60

mm/decade

60
50
40
30
20
10
0
–10
–20
–30
–40
–50
–60

mm/decade

© Commonwealth of Australia 2022, Australian Bureau of Meteorology Issued: 24/06/2022ID code: Analyser

http://www/bcm.gov.au

© Commonwealth of Australia 2022, Australian Bureau of Meteorology Issued: 24/06/2022ID code: Analyser

Trend in rainfall
September–November 1965–2017

Australian Bureau of Meteorology

60
50
40
30
20
10
0
–10
–20
–30
–40
–50
–60

mm/decade

http://www/bcm.gov.au

© Commonwealth of Australia 2022, Australian Bureau of Meteorology Issued: 24/06/2022ID code: Analyser

(a)

(b)

(c)

(d)

(e)

Trend in rainfall
June–August 1965–2017

Australian Bureau of Meteorology

60
50
40
30
20
10
0
–10
–20
–30
–40
–50
–60

mm/decade

http://www/bcm.gov.au

© Commonwealth of Australia 2022, Australian Bureau of Meteorology Issued: 24/06/2022ID code: Analyser

Trend in rainfall
December–February 1965–2017

Australian Bureau of Meteorology

60
50
40
30
20
10
0
–10
–20
–30
–40
–50
–60

mm/decade

http://www/bcm.gov.au

© Commonwealth of Australia 2022, Australian Bureau of Meteorology Issued: 24/06/2022ID code: Analyser

Fig. 13. Maps of 1965–2017 trends in mean rainfall: (a) annual, (b) autumn (MAM), (c) winter (JJA), (d) spring (SON) and 
(e) summer (DJF). Units are millimetres per decade.    
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period of record) if the ambient temperature was below 
−40°C and the RH below 20%. This procedure removed 
an artificial temporal trend towards drying that existed in 
the raw data. 

Discontinuities in the modified DWPT data were identi-
fied using a combination of historical information that 
explained changes in the way data were collected and pro-
cessed, and objective statistical tests. Detection of disconti-
nuities in radiosonde data was generally difficult, because of 
the low spatial density of the network, the absence of reli-
able reference series and the simultaneous changes of radio-
sonde or sensor types and operational procedures at all 
stations. 

To identify major discontinuities in the modified DWPT 
data series, we used monthly (log-transformed) precipita-
tion data from the candidate site or neighbouring sites as 
references. Break points found in the majority of data series 
were predominantly related to the introduction of new 
types of radiosondes or humidity sensors in 1982–1983, 
1987–1988 and 2006–2007. Identified discontinuities were 
removed by adjusting data series in break points supported 
by the metadata. The difference between adjusted and 
unadjusted data was significant, with strong influence on 
trends at all examined levels. The adjusted (homogenised) 
modified data series are spatially more coherent across the 
Australian region and better represent long-term changes in 
DWPT than both the raw (original) and unhomogenised 
modified data. However, because the observations made 
under the cold and dry conditions were not included in 
the data series, climatology maps show higher DWPTs 
than is the actual case. 

Trend maps for the 1965–2017 period show a general 
increase of humidity at the 850–400-hPa levels. Decreasing 
trends were found at the 850-hPa level over the south-west, 
south-east and north-east of Australia, consistent with the 
decrease of rainfall observed over these areas, particularly 
during winter. 

The all-Australia DWPT time series showed a modulating 
influence from the ENSO phenomenon and increasing trends 
at the 850–400-hPa levels. Trends at the 700-, 500- and 
400-hPa levels are significant. For 1965–2017, increasing 
trends are stronger at the 700- and 500-hPa levels (0.23 
and 0.25°C decade–1 respectively) compared to the 850- 
and 400-hPa levels (0.09 and 0.15°C decade–1 respectively). 
This is in accordance with trend magnitudes within 
±0.4°C decade–1 found by Dai et al. (2011), although 
these were for the shorter 1973–2008 period. The homoge-
nised modified Australian radiosonde data for the 850-hPa 
level show that the amount of moisture at this level 
increased ~8.8% °C–1 during 1965–2015. 

Finally, we compared the original (raw) and homoge-
nised modified DWPT data over the period 1992–2017 for 
selected sites, to gain a better understanding of the obtained 
trends. During that time the only change was in 2006–2007 
when the Vaisala RS80 containing a Humicap sensor was 
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Fig. 14. Maps of 1992–2017 trends in annual mean dew point 
temperature at (a) 850-, (b) 700-, (c) 500- and (d) 400-hPa levels. 
Units are degrees Celcius per decade. Maps are based on the homo-
genised modified data.   
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replaced with Vaisala RS92 which had a heated twin- 
Humicap, but the measurement range (for ambient temper-
ature and RH) stayed the same. This comparison showed 
that trends in the homogenised modified data were 
also influenced by the absence of the observations made 
under the cold and dry conditions, resulting in stronger 
positive magnitudes over the 1992–2017 period, especially 
at the 500- and 400-hPa levels. This is likely also true for the 
longer 1965–2017 period. Nevertheless, the obtained trends 
are spatially coherent, better represent the pattern of change 
in humidity than the original (raw) data and correctly indi-
cate a general increase in moisture at 850–400-hPa levels 
over the Australian region. 

Further work should be directed towards the homogeni-
sation and analysis of observed (original) data for the period 
starting in 1992, extending the analysis to levels above 400 hPa. 
Other humidity variables could also be calculated using 
Australian homogenised radiosonde temperature records. 

Supplementary material 

Supplementary material is available online. 
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