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A semi-objective weighting scheme is developed to rank sta-
tions from the Bureau of Meteorology’s synoptic network
according to different climate network needs. In particular,
Tasmanian stations are ranked according to how well they
meet the selection criteria for a Reference Climate Station.
The selected stations are then compared with the official
Tasmanian Reference Climate Stations in order to deter-
mine the usefulness of the scheme in selecting stations for
such a network. Various combinations of weights are used in
an attempt to assess which attributes are most important
and which, if any, can be left out of consideration. An opti-
mum combination for Reference Climate Station selection is
determined and may be used in future to assess the relative
importance of a Reference Climate Station threatened with
closure. The semi-objective selection scheme developed was
found to be a useful tool in the selection of stations for cli-
mate change purposes. This study also highlights the broad-
er observational requirements for climate monitoring.

Introduction

Observations expenditure takes up a significant pro-
portion of the Bureau of Meteorology’s overall bud-
get. In an environment of shrinking resources, it is
vital that those funds are spent appropriately by
ensuring that, when climate networks are chosen, the
best stations to meet the network’s needs are includ-
ed. It is also important that network reductions come
at the expense of network redundancy rather than the
closure of good climate stations.

This study assesses a potential tool for selecting the
best stations for a climate network. In particular, the
scheme is used to select the best possible combination
of stations for a network primarily intended for climate
change detection. By choosing the best possible
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network during the initial selection, ongoing
resources can be used to maintain those stations rather
than find alternatives at a later date.

International climate networks

The need for high quality climate data has increased
dramatically in recent decades. Concerns about glob-
al climate change have prompted international agree-
ments on potentially expensive mitigation strategies
such as greenhouse gas reduction. To justify these
strategies it is vital that global observational data are
obtained as rigorously as possible. Scientists need to
be able to identify accurately and confidently any
changes that might be occurring in the global climate.

Reliable detection of global climate change
requires an international network of high quality,
long-term climate stations with standard procedures
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in observing, transmitting and storing climate data.

Consequently, in 1990 the World Meteorological

Organization (WMO) requested its member nations to

nominate stations to form part of a Reference Climate

Station (RCS) network. .
The official definition of an RCS (WMO 1993) is:

‘A climatological station, the data of which are
intended for the purpose of determining climatic
trends. This requires long periods (not less than thirty
years) of homogeneous records, where human-influ-
enced environmental changes have been and/or are
expected to remain at a minimum. Ideally the records
should be of sufficient length to enable the identifica-
tion of secular changes of climate’.

In establishing the RCS network the WMO pro-
posed a set of basic criteria that should be considered
when choosing stations for RCS status (WMO 1986).
According to these guiding principles an RCS should:
* be permanent and have a good chance of remain-

ing open into the foreseeable future;

» not be affected by urbanisation;

* have trained observers and reliable instruments;

» be subject to regular inspections and technical ser-
vicing;

» have a long climate record;

« have few significant relocations, changes of
observing times, instruments and exposure, or
observing techniques;

+ be subject to careful data quality control;

« observe at least temperature and rainfall.

Unfortunately most RCSs do not satisfy all these cri-

teria absolutely. However, RCSs should at least be

those stations that best approach these ideals.

The Bureau of Meteorology selected approximate-
ly 100 stations from its existing synoptic network to
form the Australian RCS network. All changes to the
site and surroundings of Australian RCSs are docu-
mented and where possible comparison observation
programs are undertaken so that the impacts of
changes such as instrumentation or position can be
assessed. The Bureau is now maintaining a digital
archive of historical station information known as
SitesDB (Lane 1995). This database should allow eas-
ier identification of potential inhomogeneities in the
climate record of RCSs. Special inspections are also
made to ensure that RCSs are maintained to the high-
est possible standards.

The distribution of Australia’s RCS network as at
June 1998 is shown in Fig. 1. Whilst the basic RCS
criteria were taken into account when the initial selec-
tions were made, there was no objective way of com-
paring potential stations according to these criteria.
Note that the original Australian RCS network did not
include sites at Christmas Island (10° 30'S, 105°40'E),
Oodnadatta (27°35'S, 135°27'E), Hobart Airport (see

Fig. 1 RCSs and proposed GSN stations throughout
mainland Australia. (Note that both networks
also include Cocos Island, Christmas Island,
Willis Island, Norfolk Island, Lord Howe
Island, Macquarie Island and the Antarctic
sites of Davis, Mawson and Casey).

3
B RCS and GSN station W

Fig. 2) or Lord Howe Island (31°30'S, 159°00'E).
These sites have since been added due to their inclu-
sion in the GCOS (Global Climate Observing
System) Surface Network (GSN). The RCS stations
which also form part of the GSN network are identi-
fied in Fig. 1.

The GSN is an international climate network
designed to provide sufficient data for the detection of
spatial patterns of climate change at the globe’s sur-
face (Peterson et al. 1997). The network has an
approximate density of one station per 250 000 km?Z,
Consequently, it is a coarser network than individual
RCS networks which have recommended resolutions
of 2-10 stations per 250 000 km? (WMO 1993).
However, the GSN has a more uniform and wide-
spread distribution around the globe. Not all WMO
member nations have identified an RCS network,
resulting in great variations in station density world-
wide. It is hoped that the GSN will set a standard for
the improvement of the denser national networks and
will assist in the continuation of international
exchange of climate data (Peterson et al. 1997).

Potential GSN stations were chosen using a com-
puter algorithm to identify the most appropriate sta-
tions according to similar criteria to those of the RCS
network (Peterson et al. 1997). Stations scored points
according to the length and homogeneity of records,
whether they were already part of an established net-
work, the ability to report reliably in near real-time
and the degree to which they might be affected by
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Fig. 2  Initial stations from which final climate net-
works were selected. Rainfall district bound-
aries and numbers are also shown.
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urbanisation. These scores were then combined to
produce an overall rank for each potential GSN sta-
tion. The best stations in each region were then select-
ed to create a relatively evenly spaced network.

A semi-objective network selection
scheme

An objective scheme for choosing appropriate sta-
tions from the existing synoptic network has nevér
been used by the Bureau. Consequently it was decid-
ed to determine the feasibility of using a scheme sim-
ilar to that used in the selection of GSN stations for
Australian network selection purposes. It was also
hoped to determine the important input parameters for
selection, i.e. to determine those attributes considered
absolutely essential in the selection procedure, bal-
anced against the availability and ease of obtaining
the information.

Different climate networks require stations with
different attributes. For example, the needs of a net-
work for describing a comprehensive 30-year clima-
tology will be different to those of a network for
determining climate trends over the past century.
Consequently it was intended to design a selection
scheme flexible enough to rank stations according to
various desirable properties, not just those useful for
climate change detection. Following a method similar

to that of Peterson et al. (1997), a set of desirable cli-
mate station attributes were proposed and indices
developed to assess how well each station satisfied
those attributes. Not only were the RCS basic selec-
tion criteria used but also other potentially useful
attributes of a climate network.

All stations from an initial list were assessed for
the proposed network attributes and the correspond-
ing indices assigned a value between zero and ten for
each station. Generally, if a station failed to satisfy
any of the assessment criteria it scored zero whilst a
station satisfying the highest criterion scored the max-

‘imum value of ten. Some assessment indices were a

simple YES or NO response, in which case stations
scored ten or zero respectively.

Values for the individual assessment indices were
combined to produce an overall score TOT_INDX for
each station by assigning a weight to each index
according to its perceived importance to the type of
network being considered. Weights for individual
indices could range from zero (i.e., when wishing to
ignore the index) to 20 depending on the relative
importance of the property assessed by the index.
Note that not all indices had to be used in the overall
score calculation.

TOT_INDX for a station was calculated as the
sum of the products between individual indices and
their respective weights, divided by the sum of the
weights and multiplied by a factor of ten so that the
value of TOT_INDX could range from zero to 100
(Eqn 1).

TOT_INDX = IO*L W; I; /Z W; .1

Where /; is the value (zero to ten) of index i, W is the
weight (zero to 20) assigned to index i.

An Excel spreadsheet was custom designed to
allow easy manipulation of the index weights, calcu-
late the overall scores for each station and sort the sta-
tions according to score. The spreadsheet also includ-
ed the option to set a minimum score for TOT_INDX
below which stations were immediately eliminated,
spatial distribution options and the capability to map
the selected stations in the final network. This
allowed the effects of various combinations of index
weights and spatial assessment options to be exam-
ined quickly and efficiently.

Rather than assess every potential climate site in
Australia the number of stations was kept manageable
by only considering climate stations in Tasmania.
Assessing some of the indices required information
best determined with local knowledge and therefore
considerable regional involvement was required. It
was considered inappropriate to expect all of the
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Bureau’s Regional Observations Managers to spend
time determining index values for all stations in
Australia before it was even known how successful
the selection scheme would be.

The initial station list was based on all Tasmanian
stations with ten or more years of digitised daily data.
Some multiple sites were considered as single sites
where appropriate. For example, if a station opened
immediately following the closure of a site in the same
town the two climate records were considered as one.
However, in many cases this would have a negative
impact on the homogeneity of a station’s record. The
initial set of 78 stations is shown in Fig. 2.

Assessment indices

The indices used to define the proposed useful attrib-
utes of a climate station are listed in Table 1 with fur-
ther descriptions in Appendix 1. To widen the appli-
cations of the scheme not only were indices relevant
for climate change studies developed but also indices
to assess other potentially useful attributes. Whilst
these indices could be assessed differently or given
slightly different values it was considered that subtle
changes in values would not significantly alter the
overall score for individual stations. As long as an
index was assessed in some unbiased way it should
give realistic guidance as to how well each station
meets the requirement assessed by the index.

Indices were based on easily accessible electronic
information where possible to minimise the manual
intervention required and improve the viability of the
scheme. Some attributes such as site condition
required considerable manual interpretation and these
were the most labour intensive indices to assess. A
viable scheme used operationally would also need to
keep the total number of indices to a minimum. This
study used 21 individual indices with the intention of
determining which were the most important. Many
more indices could have been developed but this
would have become unwieldy and probably over-
specified the problem. The goal was to capture the
essential requirements of a network with as few
indices as possible.

Spatial distribution

If only the sites with the highest overall score were
selected for a network, then potentially, chosen sites
could be clustered in one area resulting in data redun-
dancy. An optimum network must also have a spatial
distribution that best describes the climate of a region.
Bureau networks have a limit to the number of sta-
tions which can be supported, so having nearby sites
is often not the best use of resources. Consequently,

AN

two options to optimise spatial distribution were built
into the selection scheme. Initially a cut-off score was
defined. Stations scoring less than this value were
immediately rejected with the remaining stations
being selected by two different spatial assessment
options. The cut-off score was quite arbitrary and
used in combination with the spatial distribution
options to produce a final network with the desired
number of stations.

One spatial distribution option built into the soft-
ware involved a user-defined minimum separation
distance between stations. The first selected station
would be the one with the highest score TOT_INDX.
The next selected would then be the station with the
second highest TOT_INDX, provided it was the spec-
ified minimum distance away from the first selected
station, otherwise it was rejected. The third selected
would then be the station with the next highest
TOT_INDX provided it was greater than the defined
minimum separation from both the first and second
selected stations, and so on until the desired number
of stations had been selected.

The option of applying the minimum separation
criterion only within each rainfall zone was also
included in the scheme. This meant that two high
scoring stations that were separated by less than the
minimum distance but in different rainfall zones
could still both be accepted for the final network.
Ideally these zones would not be based on rainfall dis-
tributions but on climatic differences determined
from high-resolution analyses of temperature and
rainfall. This kind of climate zone analysis was
unavailable for Tasmania so the Bureau’s official
rainfall districts were used as rough estimates for
rainfall zone boundaries. Some districts with similar
average rainfall were grouped together to reduce the
number of zones. Rainfall districts 91 (Northern) and
98 (King Island), 92 (East Coast) and 99 (Flinders
Island), and also 94 (Southeast) and 95 (Derwent
Valley) were combined to create three zones. The
remaining rainfall districts each formed a rainfall
zone resulting in a total of six Tasmanian rainfall
zones. This also ensured that Flinders Island and King
Island, with few stations each, were not treated as
zones by themselves. The Tasmanian rainfall districts
are shown in Fig. 2.

Selecting the network

There are currently seven official RCSs in Tasmania
(Low Head, Cape Grim, Eddystone Point, Cape
Bruny, Grove, Liawenee and Hobart Airport).
Consequently, the selection scheme was used to iden-
tify the best ten potential RCSs from the initial set
from which six or seven could hypothetically be cho-
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Table 1. Indices used to assess station attributes.

Number Index name Station attribute assessed by index

1 FUTURE Future likelihood of continuation over next five years

2 SITECON Current assessment of site, instruments and observers

3 LENMAX Length of maximum temperature record

4 LENMSLP Length of mean sea-level pressure (MSLP) record

5 LENRAIN Length of rainfall record

6 30YMAX Ability to calculate 30 year normal for maximum temperature
7 30YMSLP Ability to calculate 30 year normal for MSLP

8 30YRAIN Ability to calculate 30 year normal for rainfall

9 HOMOGMAX Maximum temperature homogeneity since 1961

10 HOMOGRAIN Rainfall homogeneity since 1961

11 MAN_AWS Whether manual station or automatic weather station

12 OWNER Whether Bureau or non-Bureau site

13 URBAN Degree of urban development near site

14 CLIM_CHANGE Participation in climate change networks

15 CLIMAT Whether or not CLIMAT messages are currently reported

16 UPPER_AIR Whether or not upper air observations are currently taken

17 OZONE Whether or not ozone observations are currently taken

18 SOLAR_RADIATION Whether or not solar radiation observations are currently taken
19 OTHER_ELEM Other climatic elements observed

20 RBSN . Participation in WMO’s Regional Baseline Synoptic Network
21 OBS_REC-SYNOPS Reliability of observations

sen as official RCSs. This introduces some subjectiv-
ity into the selection but, in reality, an objective net-
work selection scheme such as this would be used as
guidance only. Users would still add or subtract sta-
tions from the final network according to information
not assessed by the indices. For example, a city sta-
tion may score well overall despite scoring poorly on
the urbanisation index yet might still be unacceptable
as an RCS. Or a station might score well due to a long
and complete rainfall record but only have a few years
of temperature records. In this case the station would
also be inappropriate as an RCS.

A more sophisticated version of the scheme might
use indices as switches so that if a station scored
below a critical amount for an important index it
would be immediately rejected. However, in this
study the scheme was simply used to identify more
stations than actually required to allow some scope
for manual rejection. A number of different weighting
combinations and spatial distribution options were
used to select the ten potential RCSs with the final
networks being compared with the official seven
Tasmanian RCSs in Fig. 3.

Using the GSN selection criteria

Initially the weighting scheme defined by Peterson et
al. (1997) for GSN selection was replicated as close-
ly as possible. In that study stations were awarded a

maximum of 100 points. The selection criteria of
longevity, homogeneity and level of urbanisation
were assigned a maximum of 20 points each due to
their importance to a network intended for the detec-
tion of climate change. To simulate this as far as pos-
sible, the indices assessing these properties were
given the maximum weight of 20. It was not clear
which types of data Peterson et al. used for the homo-
geneity and longevity assessments so the maximum
weight of 20 was only applied to the longevity (I3)
and homogeneity (19) indices associated with temper-
ature data, the most important element for the GSN
network.

The GSN selection procedure also allocated ten
points for RCSs and ten points for stations in other
international networks. Consequently, in this exam-
ple, the maximum weight of 20 was also given to the
CLIM_CHANGE index to reward stations already
part of a climate change network. The GSN selection
scheme also awarded a maximum of 20 points for a
station being able to report reliably in near real-time.
To replicate this as accurately as possible a weight of
ten was given to the reliability index OBS_REC-
SYNOPS with weights of five each for the RBSN and
CLIMAT indices to reward stations exchanging data
internationally. All other index weights were set to
zero so that the overall score for each station was
given by Eqn 2.
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Fig. 3(a) Official Tasmanian RCSs.

Fig. 3(b) Network selected using GSN selection criteria.
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Fig. 3(c) Network selected using all assessment indices.
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Fig. 3(d) Network selected using optimum RCS weight-
ing.

Fig. 3(e) Network selected using optimum RCS weight-
ing with spatial distribution.
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TOT_INDX = 10% (20%1 + 20%ly + 20%/ 5 +
20%, +5%5 + 5*1y, + 10%1,, )/100 2

where I; = Index 3: LENMAX, /; = Index 9:
HOMOGMAX, ... etc.

Using this combination, with no spatial assessment
options chosen, the two best stations selected were
Low Head and Cape Bruny with scores of 78 and 74
out of 100 respectively. These two stations are the
only official GSN stations in Tasmania, suggesting
that this combination of weights effectively simulated
the GSN selection procedure.

The cut-off score was set at 52 to select only the
best ten stations, the distribution of which is shown in
Fig. 3(b). Five of the official Tasmanian RCSs were
included in the best ten according to this combination.
This was encouraging because it meant that such a
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technique is appropriate for identifying stations for
climate change studies. However, this selection pro-
cedure was biased toward RCSs due to the points
awarded for stations already part of a climate change
network.

The only poorly performing RCSs were Cape
Grim and Liawenee which were ranked 13th and 20th
overall with scores of 51 and 47. The values of the
assessment indices for Cape Grim and Liawenee were
examined to reveal that they had scored particularly
poorly for LENMAX, the temperature record length
index. Liawenee has a temperature record of only
about one decade and Cape Grim only a few years in
the Bureau database. Ideally an RCS should have a
longer temperature record. This result suggests that
these stations were chosen as official RCSs for other
reasons. Cape Grim was probably chosen due to its
importance as an Australian baseline atmospheric
monitoring station. Longer records are available for
Cape Grim but these are not contained within the
Bureau’s climate database. Liawenee was probably
chosen for its location.

Whilst this combination appears to be a good ini-
tial combination it gives no credit for other desirable
RCS properties such as site condition and likelihood
of remaining open. It also does not provide any bias
between the basic selection criteria; it assumes all cri-
teria to be equally important. Further weighting com-
binations were used in an attempt to find the optimum
combination for RCS selection.

Using all assessment indices

A more sophisticated weighting scheme equation was
developed to take account of not only the GSN crite-
ria but also bonus attributes appropriate for a climate
change detection network. The GSN selection criteria
were given similar weights as in the previous exam-
ple except that the total weight of 20 for the longevi-
ty assessment was split between temperature (/5),
mean sea-level pressure (/,) and rainfall (/5) with a
bias toward the more important parameters of tem-
perature and rainfall. Also, the homogeneity weight
was split equally between temperature and rainfall (/,
and /).

Some weight was also given to all other assess-
ment indices according to their perceived importance
to a climate change network. The indices assessing
site condition and likelihood of continuation were
given weights of ten each. These were not given the
maximum of 20 since they are more subjective and
vary with time. The indices assessing the ability to
calculate a 30 year normal (/4, /; and Ig) were given a
total weight of 20. Manual stations and Bureau-
owned stations were also rewarded with weights of
ten each and a total weight of 20 was applied to

indices assessing whether a station observes more
than just temperature and rainfall. The overall station
scores were given by Eqn 3.

TOT_INDX=10%(10*1, + 10*], + 8%, + 4*1, + 8*I;
+ 8% + 4%, + 8% + 10%1y + 10%],5 + 10%] |, +
10*7 5 + 20% 5+ 20%] |, + 5¥ 5 + 4] + 3%, +
3% g + 10¥] g + 5*L,o + 10%],)/180

Using this weight combination Hobart Airport
scored the highest with 73 points. The cut-off score
needed to be set at 49 to eliminate all but the best ten
stations which are shown in Fig. 3(c). This distribu-
tion highlights the problem of only selecting the best
stations as many of these are clustered in the southeast
of the state. This is obviously not an optimum distrib-
ution of the best stations.

Four of the official seven RCSs were selected in
the best ten. This was encouraging because it meant
that over a wide variety of desirable properties for a
climate change station most of the official RCSs
scored well. However, this procedure would also have
been slightly biased toward RCSs due to the high
weight given to the CLIM_CHANGE index. Even so,
this result suggests that without a scheme to compare
stations objectively the original procedure for select-
ing RCSs was able to identify some of the most

‘appropriate stations.

The official RCSs that scored poorly using this
technique were Eddystone Point, Cape Grim and
Liawenee, ranked 12th, 15th and 16th respectively.
Again, Cape Grim and Liawenee scored poorly for
their short records. An examination of the indices for
Eddystone Point revealed that it scored relatively
poorly for the likeliiood of continuation and rated
only a low chance of remaining open over the next
five years. This highlights the need for such an assess-
ment before networks are selected.

This combination made a thorough assessment of
stations but was considered to incorporate too many
indices to be viable. To assess all Australian stations
according to this combination would require consid-
erable time and resources. The extra discrimination
gained by this combination may not be enough to jus-
tify the extra work.

Using RCS selection criteria

By comparing the results of the above combinations
and by considering the ease of assessing hundreds of
stations for each index an optimum RCS combination
was determined. The most important RCS criteria of
longevity, homogeneity and urbanisation were given
the maximum weight of 20 since these are unchange-
able and associated with the history: of a station. In
order to avoid bias toward record length or homo-






