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Is homogenisation of Australian temperature data any good?

Part 7d. Mount Isa, Queensland Australia

Mount Isa post office (Bureau of Meteorology, BoM ID 29125), and Mount Isa airport (Aero,
29127; Latitude -20.72°, Longitude 139.49) joined 1 January 1967; temperature data from

1 January 1957 to 31 December 2024; and separately, Mount Isa Mine (29126), Latitude

- 0.7361, Longitude 139.4817; temperature from January 1965 to July 1992.

Dr Bill Johnston
www.bomwatch.com.au

Summary

Using faulty Mount Isa data to homogenise ACORN-SAT has no statistical or scientific merit. As the
ACORN-SAT project is deeply flawed, for the sake of all concerned it should be abandoned.

Annual mean maximum temperature (Tmax) and annual rainfall for the Mount Isa post office
and airport (Aero), and the Mount Isa mine were aligned and analysed using BomWatch
protocols to determine if data were fit for the purpose of homogenising nine Australian
Climate Observations Reference Network — Surface Air Temperature (ACORN-SAT) sites as far-
afield as Victoria River Downs (1015km), Longreach (571km) and Rabbit Flat (987km).

In both cases Tmax depended on rainfall such that the drier it is the warmer it gets. However,
while relationships were statistically significant (p <0.001), rainfall explained less than 50% of
Tmax variation (R%aq; = 0.329 and 0.306 respectively). A second variable therefore likely
interfered with the Tmax response.

With the rainfall effect statistically removed, step-changes in the merged dataset in 1966,
1980, 1996 and 2013 indicated data were not homogeneous. The change in 1966 aligned with
the merge; however, the change in 1980 could not be attributed. Also, while the change in
1996 aligned with partial automation, the cause of the change in 2013 could not be
determined.

Due to a single step-change in rainfall-residuals in 1980, Mount Isa mine Tmax was also not
homogeneous. For all sites, metadata (data about the data) was entirely inadequate.

Data for the post office were likely affected by poor site control including possible shade,
intermittent watering, and junk etc., while at the airport, a June 1968 aerial photograph
showed a large area immediately adjacent to the enclosure was watered. It could not be
claimed therefore, that the down step following the merge was due to the climate.

Tmax datasets consisted of non-trending segments bisected by step-changes that were
unrelated to rainfall. Step-changes and rainfall together explained 78.7% and 69.6% of Tmax
variation respectively (R%qj = 0.787 and 0.696), and with those factors accounted for, no
residual trend or change in either dataset could be attributed to CO3, coalmining, electricity
generation or anything else.

Using post office data that do not reflect the weather, and Aero and mine data that are not
homogeneous to detect and adjust faults in ACORN-SAT, has no statistical or scientific merit.
For the sake of all concerned, the ACORN-SAT project should be abandoned.
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1. Introduction

Located in northwestern Queensland astride the Leichardt River, which flows northwest to the
Gulf of Carpentaria, the city of Mount Isa owes its existence to the discovery of vast ore
deposits in the vicinity in 1923, Producing silver, lead, copper and zinc Mt Isa Mines has been
one of the most productive single mines in the world. However, current operator Glencore has
announced that while some operations will continue, mining will cease in 2025.

A post office opened at Mount Isa in 1924, and the railway to the port of Townsville opened in
1929. While monthly rainfall for the post office is available from the Bureau of Meteorology
(BoM) from 1926, even though observations commenced possibly as early as the 1920s and a
Stevenson screen was visible in the post office yard in the 1940s (Figure 1), monthly and daily
temperature data is only available from 1 January 1957.

‘ Figure 1. The Stevenson screen (arrowed)

and wind vane atop the pole at the rear of
j the Mt Isa post office in the 1940s
. (horizontally flipped National Archives of
/ Australia photograph (ID 31943680), which
appeared to be reverse printed).

B

According to Queensland government
archives, the Mount Isa aerodrome was
constructed by the Queensland Department
of Public Works for the United States Army Air
o Force in 1943.

The aerodrome comprised gravel runways in an ‘A’ configuration with the longest aligning with
the current NW to SE runway, and another oriented NE to SW. An Aeradio office with a
meteorological enclosure to its north identified in a 1956 aerial photograph at Latitude -20.68°,
Longitude 139.49° had been removed (or buried in situ) by 1968. While earthwork scars were
still observable in the November 2005 Google Earth Pro satellite image, data for the Aeradio
site is not available from BoM. Instead, data for another site (Mount Isa Aero: ID 29127)
commenced in December 1966.

Further clouding the all-important issue of site moves and changes, metadata for Mount Isa
Comparison (ID 29162) lists coordinates of the previous site as -20.6786°, 139.4831°, the same
as those of the Aeradio site. However, 1968 and 1971 aerial photographs place the
Comparison site north of the terminal area near Latitude -20.664°, Longitude 139.491°, a
position since occupied by satellite communication dishes. The Comparison site was
apparently used to adjust data for a move to the aforementioned Aero site (Latitude - 0.6778,
Longitude, 139.4875), which site summary metadata indicates occurred around the time a new
met-office opened on 1 June 1975, but it could have been earlier.

Site summary metadata suggests the Aero site was partially automated in September 1996,
but a humidity probe was apparently not installed until March 2009. An Almos automatic
weather station (AWS) has replaced manual observations but the changeover date is not
available. Metadata also ignores when 60-litre Stevenson screens replaced 230-lite screens at
the previous or current site; however, it is likely to have been before data for the earlier

1 https://en.wikipedia.org/wiki/Mount Isa#History
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manual comparison site was so-designated. As metadata cannot be trusted, analysis is best
undertaken using objective statistical methods.

While not an Australian Climate Observations Reference Network — Surface Air Temperature
(ACORN-SAT) dataset used to monitor Australia’s warming, together with up to nine other sites
including some ACORN-SAT ones, maximum temperature (Tmax) observed at the post office,
airport and the mine were used by scientists at the BoM to homogenise ACORN-SAT sites as far
afield as Victoria River Downs (1015 km), Longreach (571 km) and Rabbit Flat (987 km)

(Figure 2).

Homogenisation is the two-stage process used by BoM scientists, most recently Blair Trewin,
to detect and adjust faults in ACORN-SAT. Trewin uses transfer functions to align the tails of
data distributions so resulting data are homogeneous with respect to means as well as
extremes, although how this works in practice is obscure. While such data are said to reflect
the ‘true’ climate, Trewin’s methods have not been independently evaluated. Details of the
updated (AcV.2) methodology is outlined in Trewin (2018)*.

Figure 2. Tmax data for the

12°8 4 A . c o o
Darwin @ ;: woraf® * post office, airport and the
14°S 4 Kb /e AT Mt Isa mine were used to
- KTy X ?
16°S e . [ ePamenie homogenise ACORN-SAT
P \'_\ i Vlc:hﬁ\ e i’v»: Nagmamon @Caims . g .
§ . Broomed ~ \surkemwuf»r' o sites as far-afield as
Halls Ck Frotes o n < . . .
£, | ean cx o —Srghet/ Sl.ae®. | Victoria River Downs
S 20°S Port Hegland o/ ‘ ON Mtlsa o Charters Towers®
- ‘g @ Marble Bar RAbt Elat R — Richmond (1015km), Longreach
22CS - Learmont 7 T
smen R e DT (571km) and Rabbit Flat
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o D) | irdsville . .
o . & idisbars ] S identify non-ACORN-SAT
110°E  15°E  120°E  125°E  130°E  135°E  140°E  145°E sites having more than 10-
Longitude years of Tmax data.

The main weakness in Trewin’s methods is that comparator datasets selected on the basis that
first-differenced monthly means are highly correlated with those of the ACORN-SAT site, likely
embed parallel faults. Bias may also arise if comparator data are not fit-for-purpose, or not
homogeneous.

In addition, of particular concern is the splicing of datasets (as has been done here) without an
overlap, network-wide changes including metrication on 1 September 1972, introduction of
automatic weather stations (AWS) that became primary instruments on 1 November 1996, and
the staged replacement of 230-litre Stevenson screens with 60-litre ones which accelerated
between 1980 and 2000 and which is routinely ignored by site summary metadata.

This report investigates whether the combined daily Tmax dataset for the Mount Isa post
office and airport, and for the mine are fit for the purpose of homogenising ACORN-SAT sites,
including Victoria River Downs, for which this study is a sub-set.

2. Methods

Daily Tmax and monthly rainfall for the post office (ID 29125, 1 May 1957 to 31 March 1971),

airport (Aero: 29127, 1 December 1966 to 31 December 2024) and the mine (29126, 1 January
1965 to 31 July 1992) were downloaded from BoM’s Climate Data Online facility (Climate Data
Online - Map search). In order to construct a long time-series, daily post office and airport data

! Trewin, Blair (2018). The Australian Climate Observations Reference Network — Surface Air Temperature (ACORNSAT)
version 2. Bureau Research Report No. 032.
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were abutted from 1 January 1967 and summarised into a multi-attribute annual series using
the statistical program R%. Annual rainfall was aligned with temperature. BomWatch protocols
described previously? were used to analyse the combined dataset, and separately, data for the
Mt Isa mine. Data used in the study are available (MtlsaDataset.xlsx).

3. Results
3.1 The combined post office / airport dataset

Analysis of the combined dataset is shown in Figure 3, with the statistical summary provided in
Table 1.

Figure 3(a) shows Tmax depends on rainfall, and consistent with the First Law of
Thermodynamics, the drier it is the warmer it gets. However, rainfall explains only 32.9% of
Tmax variation (R%aqj = 0.3293, Table 1(i)), considerably less than the robust target of 50% (R?aq;j
= 0.50). Low R%,qj suggests data is of low quality, made-up, imported from somewhere else or
that influential variables are missing.

é o ’ Figure 3. Composite analysis of Tmax data for the
Mt Isa post office and airport datasets, which
were abutted on 1 January 1967 (for details see
text).

o 0o
.t 321°C
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o w0 1000 verifying the outcome of least squares
Rainfall (mm}) .
104  regression.

Remembering that the rainfall effect has been statistically removed, Sequential t-test Analysis
of Regime Shifts (STARS)* detected significant (p<0.05) step-changes in residuals in 1966, 1980,
1996 and 2013 (Figure 3(b)) indicating data were impacted by non-rainfall factors (i.e., that
data are not homogeneous in the time domain). Note that while properties do not change,
adding the dataset grand mean (32.1°C) maintains scale between raw and residual data.

For each segment, free-fit regressions (Figure 3(c) to (f); Table 1(ii)) were offset relative to
Tmax and rainfall grand means, and except for early post office data, slopes were similar and
not notably affected by outliers. Post office Tmax from 1957 to 1965 showed no relationship
with rainfall probably because conditions in the post office yard were sub-optimal or too
variable due to uncontrolled factors such as shading, watering, proximity to junk etc.

! The R project for statistical computing (https://www.r-project.org/).

2 https://www.bomwatch.com.au/wp-content/uploads/2022/12/Marble-Bar-back-story-with-line-Nos.pdf

3 R? adjusted for the number of terms and cases (see https://stats.stackexchange.com/questions/48703/what-is-
the-adjusted-r-squared-formula-in-Im-in-r-and-how-should-it-be-interpret)

4 https://sites.google.com/view/regime-shift-test/home
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Nevertheless, rainfall adjusted mean Tmax for the post office was the same as at the airport
from 1996 to 2012 (and also possibly from 1980 to 1995 — Figure 3(b) and Table 1(iii)). Analysis
was therefore repeated with those segments progressively combined. Differences were
significant; however, including data for 1980-1995 within the previously identified post office
category caused R?%.q; to decline, indicating the four-category model (Table 1(iv)) was superior.

Table 1. Statistical summary. RSS refers to residual sum of squares. Partial R-square (R%artial)
estimates the proportion of variation explained by the Sh(ift)«cor that is not explained by rainfall
alone (calculated as: [(RSStui - RSSrain)/ RSSsun)*100].

Model Coef. P R%aq) Segment | RainAdj (xCl) RSS
(°C/100mm) (ec)® (R%partial)
(i) Tmax ~ rain -0.248 <0.001 0.329 32.0
(ii) Tmax ~ rain
1957-1965 -0.147 0.260 0.059
1966-1979 -0.284 <0.001 0.742
1980-1995 -0.299 0.008 0.366
1996-2012 -0.272 <0.001 0.712
2013-2023 -0.260 0.007 0.533
(iii) Tmax ~ -0.271 <0.001 0.792 | 1957-1965 |32.1@ (0.26) Interaction
Shres + rain? 1966-1979 | 31.3%(0.20) Tmax ~ Shres *
1980-1995 | 31.8% (0.19) rain
1996-2012 | 32.3% (0.19) ns
2013-2023 | 33.119(0.23)
(iv) Tmax ~ -0.258 <0.001 0.787 |1957-1965& Interaction
Shres + rain 1996-2012 | 32.2®(0.15) 9.7 Tmax ~ Shres *
1966-1979 | 31.3%(0.21) | (69.8%) rain
1980-1995 | 31.8°) (0.20) ns
2013-2023 | 33.119 (0.23)
Deltajivs2) | -0.94 (0.26)
Deltagivs3) | -0.44 (0.25)
Deltaivs4) | 0.88 (0.28)
(v) Tmax ~ (°C/decade)
Year 0.163 0.002? 0.125
1957-2023
1957-1965& -0.083 0.219 ns
1996-2012 -0.800 0.091 ns
1966-1979 0.069 0.819 ns
1980-1995 -0.954 0.058 ns
2013-2023
(1) Letters in parenthesis indicate differences between means (Tukey method for comparing a family of 4 estimates; alpha =
0.05)
(2) Significant (P<0.05); ns = not significant

Pooled multiple linear regression (MLR - Figure 3(g)) confirmed segment means were different
(lines were significantly offset), and as interaction was not significant, segmented responses to
rainfall were the same (Tablel(iv)). Post hoc analysis (Table 1(v)) confirmed that data consisted
of four non-trending segments (five including the post office) delineated by step-changes, thus
verifying robustness of the statistical approach and the outcome.

Further, accounting for rainfall and step-changes simultaneously left no trend in MLR residuals.
It is therefore concluded that step-changes (inhomogeneities) caused Tmax to increase 0.88°C

(£0.28°C) since 1957, leaving no trend attributable to CO,, coalmining, electricity generation or
anything else.



182

183
184
185
186

187
188

189
190
191

192
193
194
195
196
197
198

199
200
201

202
203

3.2 Mount Isa mine Tmax

The latest version of ACORN-SAT (AcV2.5) used Mount Isa mine Tmax to homogenise data for
five ACORN-SAT sites, including three changepoints at Richmond airport (Qld). In contrast, the
previous version, AcV1, only adjusted one changepoint at each of four of the five sites

(Table 2).

Table 2. ACORN-SAT v2.5 homogenisation changepoints adjusted using Mount Isa mine Tmax.
Shading indicates AcV1 changepoints previously adjusted using Mount Isa mine Tmax.

Adjustment

1D ACORN Site Date Cause
15666 Rabbit Flat 1/01/1987 Statistical
29063 Normanton AP 1/01/1969 Statistical
29077 Burketown AP 1/08/1986 Move
30161  Richmond AP 1/01/1976 Statistical
30161 Richmond AP 1/01/1972 Statistical
30161  Richmond AP 1/09/1965 Move
38003 Boulia AP 1/06/1970 Move

Consistent with the First Law Theorem, Mount Isa mine Tmax also depends on rainfall (Figure
4(a)); however, as rainfall only explains 38.6% of variation in Tmax (Table 3(i)), another factor
likely mediates the Tmax response.

STARS analysis of rescaled Tmax ~ rainfall residuals detected a prominent step-change of
0.94°C in 1980 (Figure 4(b)), which indicated data were not homogeneous (i.e., that a
site/instrument change interrupted the trajectory of the data). Consequently, although from
the same alleged site, data consisted of two segments whose means were statistically different
at the p <0.001 level of significance. Analysed separately (Table 3(ii)), free-fit regression
relationships show that while slopes are similar, lines are offset relative to grand-mean Tmax
and rainfall reference lines (Figure 4(c) and (d)).

Categorical multiple linear regression (MLR - Figure 4(e)) confirmed that segmented data were
offset (rainfall adjusted means were significantly different, and that responses to rainfall (slope
coefficients) were the same (Table 2(iii)).

Rainfall and the shift variable (Shractor) together explain 69.6% of Tmax variation (R%.4j = 0.696).

Table 3. Mount Isa mine Tmax statistical summary.

Model Coef. P R%aqj Segment |RainAdj (+Cl)
(°C/100mm) (ec)®
(i) Tmax ~ rain -0.288 <0.001 0.386
(ii) Tmax ~ rain
1965-1979 -0.241 <0.001 0.623
1980-1991 -0.294 0.034 0.312
(iii) Tmax ~ -0.253 <0.001 0.696 | 1965-1979 |31.0%)(0.20)| Interaction
Shres + rain®? 1980-1991 (32.0% (0.30)| Tmax ~ Shres *
Delta (se) | 0.96(0.19) rain (ns)
(v) Tmax ~ Year| (°C/decade)
1965-1991 0.579 0.004? 0.251
1960-1979 0.527 ns ns
1980-1991 0.760 ns ns
(1 Letters in parenthesis indicate differences between means (Tukey method for comparing a family of estimates; alpha =
0.05)

[ Significant (P<0.05)
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Rainfall (mm) data are affected by CO2 coalmining,

221  electricity generation or anything else.

4. Discussion

The study aimed to determine whether the combined Tmax dataset for the Mount Isa post
office and airport (Aero), and data for the mine were fit for the purpose of homogenising
ACORN-SAT.

While overall Tmax ~ rainfall relationships were significant and negative, indicating data were
thermodynamically sound, low R%.q; suggested both datasets were likely impacted by another
variable. With the rainfall effect statistically removed, step-changes in post office — airport
residuals in 1966 (merge), 1980 (statistical), 1996 (automation of temperature observations)
and 2013 (statistical) indicated changes occurred that were not related to climate. Data were
therefore not homogeneous. A single step-change in Mount Isa mine residuals was detected in
1980 (statistical).

As an aside, site summary metadata (data about the data) are sparse and inaccurate, certainly
insufficient to ascribe inhomogeneities in the datasets to site changes such as changes in
exposure, instruments and the surroundings. Also, aerial photographs, satellite images and
potentially corroborative documentation held by archives is not plentiful. Metadata failed to
mention when sites were visited and potentially upgraded, when 230-litre Stevenson screens
were replaced by 60-litre ones, and also the date on which the Almos AWS became fully
operational at the airport.

Having identified likely changepoints, the important second step used objective statistical
methods to confirm their veracity. Firstly, by examining each data-segment independently, and
graphically using average Tmax and rainfall as benchmarks; and, secondly, using categorical
multiple linear regression to determine that: (a), segmented responses to rainfall (i.e., slope
coefficients) were the same; and that (b), rainfall-adjusted segment means were significantly
different (i.e., that individual Tmax ~ rainfall relationships did not coincide). Trend analysis of
individual segments verified that datasets comprise non-trending segments delineated by
step-changes, thereby confirming the trend vs. step-change model.
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The main findings of the study are:

The post office site was probably affected by poor site control, including possibly intermittent

watering, shade, and nearby junk that caused data to be unreliable. Furthermore, data prior to
1962 was observed mainly in whole degrees F, and whole and half degrees from 1962 to 1967.
Due to poor data-quality and low precision, post office data are not suitable for homogenising
other sites.

As Tmax was significantly, negatively related to rainfall (segmented p, 0.007 to <0.001), data
for the airport (Aero) appeared to be in better shape. Data were also more precise, particularly
after metrication on 1 September 1972. However, due to significant step-changes in

Tmax ~ rainfall residuals in 1966, 1980, 1996 and 2013, data were not homogeneous.

A Queensland Government aerial photograph dated 16 June 1968, showed an extensive area
surrounding the then Flight Services office, admin and other buildings, to the edge of the
meteorological enclosure was watered Watering results in artificial cooling, which explains the
step-down in Tmax corresponding with the merge with post office data in 1966 (Figure 5).
However, metadata is unable to explain the up-step in 1980, which occurred 5-years after the
site moved to the new MO. Further, while the 1996 up-step coincided with partial automation,
there is insufficient detail available to pin-point when the screen size changed and the Almos
AWS was installed.

Figure 5. Portion of Queensland Government
aerial photograph (QAP1833272, 16 June 1968)
showing the meteorological enclosure below the
point marked X was adjacent to an extensive area
of watered lawn.

Following the move to the MO, site changes
that could result in step-changes include
mechanical disturbance, spraying-out the site
and its surrounds using herbicide, and less or

. infrequent maintenance of equipment

= following the withdrawal of local staff, none of
which are climate-related. Google Earth Pro
satellite images show the meteorological
office was removed and replaced by a smaller
building between 11 February and 20 October
2015.

Conclusions

While Tmax data for the airport and mine were thermodynamically sound, due step-changes in
their rainfall-adjusted mean, neither dataset was homogeneous. Lack of reliable metadata and
corroborating information such as aerial photographs, satellite images and archived plans and
documents, is a major problem in relating step-changes in data to changes at sites.

Possible site changes include undocumented site moves, removal of vegetation in the vicinity
of screens using herbicide or mechanically, replacement of 230-litre Stevenson screens with
60-litre ones, introduction of the Almos AWS at the airport and the withdrawal of staff that
maintained sites and instruments.

Checks and balances that are part of the BomWatch approach provide assurance that step-
changes in 1966, 1980, 1996 and 2013 in the combined post office/Aero dataset, and in 1980 at
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the mine, are unrelated to the climate. Post hoc tests verified that data consist of non-trending
segments delineated by step-changes that are unrelated to the weather.

Importantly, accounting for step-changes and rainfall simultaneously left no residual trend or
change that could be attributed to CO2, coalmining, electricity generation or anything else.

The use of correlated, faulty data that are not homogeneous, to adjust faults in ACORN-SAT has
no statistical or scientific merit and should be abandoned.

Dr Bill Johnston
09 March 2025
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Disclaimer

Unethical scientific practices including homogenising data to support political narratives undermines
trust in science. While the persons mentioned or critiqued may be upstanding citizens, which is not in
guestion, the problem lies with their approach to data, use of poor data or their portrayal of data in
their cited and referenceable publications as representing facts that are unsubstantiated, statistically
guestionable or not true. The debate is therefore a scientific one, not a personal one.
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