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A Framework for Official Temporary
Population Statistics

Elin Charles-Edwardsl, Martin Belll, Radoslaw Panczakl,
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There is considerable demand for official statistics on temporary populations to supplement
statistics on resident and working populations. Progress has been slow, with temporary
population statistics not part of the standard suite of measures produced by national statistical
offices. This article adopts the framework for official statistics proposed by Raymer and
colleagues as a guide to aspects relating to society, concepts, data, processing, outputs and
validation. The article proposes a conceptual framework linking temporary population
mobility, defined as a move more than one night in duration that does not entail a change in
usual residence, and temporary populations. Using Australia as an example, we discuss
various dimensions of temporary mobility that complicate its measurement. We then report
the outcomes of a survey of user needs for temporary population statistics along with a
desktop review of OECD countries to identify the best formulation of temporary population
statistics, and current international practice respectively. The article concludes by proposing
two related concepts for temporary populations: population present and person-time, which
overcome a number of issues currently impeding progress in this area and discuss their
potential implementation.
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1. Introduction

Accurate and timely population statistics are fundamental to understanding society.
Official statistics take a range of forms, reflecting different population concepts, varying
data availability, and changing societal needs (Raymer et al. 2015). The two most
commonly produced forms of population statistics are de jure counts, which measure the
population usually resident in an area at a particular point in time, and de facto counts,
which capture the population present in an area. Both de jure and de facto estimates tend to
capture a snapshot of populations at a single point in time, and miss the daily, weekly and
seasonal flux in populations that are driven by diurnal and temporary population
movements. There is an established demand for estimates that account for short-term
shifts in populations to serve as the denominator for health, crime and other statistics, to
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assist in emergency preparedness and response, and for the planning and provision of local
goods and services (Smith 1989; Deville et al. 2014; Kounadi et al. 2018). The United
Nations (2017) has called for estimates of temporary or service populations “if a
population present count or usual resident population count does not accurately represent
the demand for, or provision of services in a country or part of a country” (United Nations
2017, 180). Improved data availability, particularly from mobile phones and related
technologies, has led to an increased interest in enumerating short-term population change.
However, such estimates have been produced outside of official statistical frameworks,
often for a single area, and intermittently. Despite their importance as a complement to
common population statistics, few statistical agencies currently produce official temporary
population estimates, and it remains unclear how such estimates are best conceptualised
and generated.

This article explores issues associated with the production of official temporary
population statistics. The production of estimates is complex due to variability in the
nature and dynamics of the underlying mobility driving short-term shifts in population
numbers, a lack of clarity with respect to user needs, limited data availability and
nascent conceptual development. We seek to advance the field of temporary population
estimates by systematically exploring these issues, and through this process, provide
greater conceptual clarity on the formulation of estimates. We begin in Section 2 with a
discussion of the spatiotemporal dynamics of various forms of temporary population
mobility and their impacts on temporary populations, using Australia as a case study.
Understanding the dynamics of mobility is an essential prerequisite to the production of
a robust and useful suite of measures of temporary populations. While statistics must be
responsive to national contexts, Australia offers a useful testbed, since it features both
the diverse forms of mobility and the differing types of data that are commonly found
in developed countries.

In Section 3, we report the results of a survey of Australian government officials and
planners as to their requirements for temporary population statistics. We then examine
currently published outputs of temporary population statistics in a number of OECD
countries in Section 4, before concluding by outlining a consistent conceptual basis for
temporary population statistics.

2. Temporary Mobility in Australia

Temporary population mobility can be defined as displacements from a usual residence
which are one night or more in duration but do not entail a change in usual residence.
Academic interest in temporary population mobility is longstanding (Chapman and
Prothero 1983). Early research was directed at temporary mobility in the developing
world, where temporary mobility was viewed as both a customary process and as a means
of adapting to transformations brought about by colonisation and industrialisation
(Chapman 1978; Chapman and Prothero 1983; Prothero and Chapman 1985; Mitchell
1969; Taylor 1986). Not until later did researchers in the developed world turn to the study
of temporary population mobility, spurred by Zelinsky’s (1971, 230) ‘Hypothesis of the
Mobility Transition’, which postulated an advanced society characterised by ‘[V]igorous
accelerating circulation, particularly the economic and pleasure-oriented, but other
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varieties as well’. There is now a considerable literature examining various forms of
temporary mobility in developed world settings.

In Australia, as elsewhere, temporary movements are undertaken in response to a range
of demographic, social, economic and environmental stimuli, and are facilitated by
transport technology (Figure 1). Movements are conveniently classified according to
whether they are undertaken for purposes of production or consumption at the destination
(Williams and Hall 2000). Production-related moves are exemplified by fly-in fly-out/
drive-in drive-out mobility in the resources sector, long-distance commuting, seasonal
agricultural mobility along with short-term business trips. Consumption-related mobility
includes short-term tourist stays, visits to second homes, the extended cross-continental
sojourns of elderly grey nomads, mobility to access health care, the mobility of indigenous
peoples to participate in customary activities and visits to friends and relatives (Bell and
Ward 2000). Critically, these different forms of mobility have distinct spatial and temporal
signatures, the interaction of which underpin the short-term fluctuation in temporary
populations stocks.

Bell (2004) identified nine dimensions of temporary mobility that vary for different
movement types. These are movement intensity, spatial impact, connectivity, movement
distance, spatial circuits, duration, seasonality, frequency, and periodicity. Table 1
illustrates variation in these nine dimensions for eleven types of mobility that are
nationally or locally significant in Australia (Bell 2001; Charles-Edwards et al. 2008). We
now describe these in turn.
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Intensity refers to the overall level of movement within a population. This dimension
allows numerically significant forms of mobility to be identified and also provides insights
into the composition of temporary mobility in Australia. While data are incomplete,
available information suggests that tourism, both international and domestic, business
travel, and visits to friends and relatives have the highest intensity of temporary mobility
in Australia (Charles-Edwards and Bell 2015). In 2018, there were more than 8.1 million
short-term international visitors arrivals visiting for holidays, to see friends and relatives,
on business, and for conferences or conventions (ABS 2019) and an estimated 42 million
domestic tourism trips, 23 million business trips, and 33 million trips to visit friends and
relatives taken by Australians aged 15 and older in the year ending September 2018
(Tourism Research Australia 2018). A distinct form of mobility tied to family is that of
children in shared care arrangements following parental separation. One in five Australian
children will experience parental separation before the age of 17 (Halford 2018), with 49%
of children staying overnight with their non-resident parent in 2012—-2013 (ABS 2015).
Other forms of mobility are locally important. Mobility tied to second homes is significant
in several coastal areas, with second homes accounting for up to 50% of the housing stock
(Paris et al. 2014). Fly-in fly-out and drive-in drive-out mining, whereby workers in the
resource sector live remotely and travel to the mine site for extended shifts (two weeks
onsite, one week off, for example), are a significant component of the population in
resource regions, such as the Bowen Basin coal mining region of Queensland (QGSO
2018) or Western Australia’s remote north-west (Houghton 1993). Other forms of long-
distance commuting, for instance travel between regions and cities on a weekly basis, also
occur, but there are no reliable statistics on the intensity of these movements. Grey
nomads, older people who travel the country in recreational vehicles, are estimated at 2%
of the Australian population (Davis 2011) and concentrate in northern Australia during the
winter months. Other forms of mobility, such as seasonal agricultural mobility undertaken
by international working holidaymakers and itinerant groups, are an important component
of the workforce in many rural areas (Hanson and Bell 2007). Indigenous mobility is
another significant form of movement, with extensive circuits of movement tied to
customary activity and access to services across remote and rural Australia (Taylor and
Bell 2012).

The demographic impact of temporary population mobility is determined by its
intensity, but also by the degree to which temporary population mobility redistributes
population across the settlement system or its spatial impact. Borrowing from
conventional measures of permanent migration, this can be captured by measures of
movement effectiveness, that is, the degree to which flows from one area to another are
balanced by counter-flows in the opposite direction. A system with unidirectional flows
will be highly effective at redistributing populations, while systems with balanced flows
will result in minimal redistribution of the population, even though there may be a high
intensity of movement. Although there is substantial evidence demonstrating the spatial
concentrations generated by particular types of temporary mobility (see, for example Bell
and Ward 1998), little work has been undertaken to directly measure movement
effectiveness among temporary populations. That said, some assessment of particular
types of movement can be made a priori. For example, seasonal agricultural labour, fly-in
fly-out or drive-in drive-out mining are likely to be highly effective at redistributing
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populations due to the spatial concentration of the activities that trigger these moves. By
contrast, business travel and visits to friends and relatives tend to more closely reflect
national settlement patterns and are more likely to be balanced by counter-flows.

Another spatial aspect is connectivity, also termed spatial focusing (Plane and Mulligan
1997). In any system of interregional mobility, the magnitude of flows varies between
origin and destination pairs. This reflects both the size of the populations at origins and
destinations along with the distance between them, and also indicates the strength of
functional linkages (Bell et al. 2002). While empirical evidence is scant, a high degree of
spatial focusing at destinations is likely when mobility is triggered to access spatially
concentrated goods or services. Second home mobility, for example, is concentrated in
high amenity areas, often within a few hours of major population centres (Back and
Marjavaara 2017).

With respect to movement distance, temporary movements in Australia involve longer
distances on average than permanent migration (Bell and Brown 2006); however, the rate
of distance decay varies according to the purpose of the move. Tourism movements
(McKercher 2018) and second home mobility (Miiller et al. 2004), exhibit high distance
decay, whereas visits to friends and relatives and fly-in fly-out mining are less affected.
Distance can also be a driver of temporary mobility. For example, mobility associated with
fly-in fly-out/ drive-in drive-out mining substitutes for permanent moves in remote
regions, where the costs of establishing permanent settlements are prohibitive (Houghton
1993).

The final spatial dimension of mobility concerns movement circuits. While some forms
of mobility involve a simple oscillation between a single origin and destination (e.g., travel
to and from second homes), others involve complex itineraries linking multiple
destinations (Bell 2001). The mobility of seasonal agricultural workers is one such
example, with working holiday makers, retirees and permanent itinerants following a
series of harvest trails to meet seasonal demand for horticultural labour across regional
Australia (Hanson and Bell 2007).

Shifting to the temporal dimensions of mobility, temporary movements are of variable
duration, ranging from a single night (i.e., business travel) to sojourns extending over
many months (i.e., grey nomads). Duration can be measured with respect to the length of
absence from an origin, or the length of a visit at the destination. The majority of
movements undertaken in Australia are of short duration, with around half of all
movements undertaken within Australia being fewer than two nights in duration. Longer
trips, however, make-up three-quarters of all nights away from home (Tourism Research
Australia 2018), and thus have a disproportionate impact on temporary population stocks
at origins and destinations.

Seasonality is a key aspect of mobility that differentiates it from permanent migration.
Institutional seasonality, which reflects the timing of school and public holidays and
religious festivals, such as Easter and Christmas, impact the timing of both discretionary
tourism and business flows. Natural seasonality, driven by climatic factors, is evident in
the mobility of tourists, grey nomads and seasonal agricultural labour. The areal expanse
of Australia, spanning multiple climatic zones, produces a north-south gradient in
seasonality. Visits peak in the north of the country during the southern hemisphere winter,
or “dry season”, at which time climate is comfortable and roads are accessible. By
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contrast, visits in southern Australia peak over the summer months (Charles-Edwards and
Bell 2015). Seasonality means that the timing of peaks in temporary populations varies
across the country.

The frequency of mobility refers to the number of moves undertaken by a person in
a fixed interval. Some forms of mobility are undertaken at frequent intervals, such as
the movements associated with long-distance business commuting or second home
ownership. Other movements are more sporadic, for example, occasional tourist trips.
Like a number of other dimensions of mobility, frequency can be measured with respect to
absences from an origin, and may involve multiple destinations for different purposes, or
may reflect frequent visits to a particular destination. Movement frequency can have
implications for estimates of temporary populations, as it leads to a divergence between
the number of moves and the number of movers as the measurement interval increases.
Data from the Australian National Visitor Survey reveal that one quarter of Australians
aged 15 and over make an overnight trip in any given four week period. Of these, only 77%
make a single trip, but 45% of trips are made by repeat movers (Tourism Research
Australia 2018). This suggests that repeat movers account for a disproportionate share of
temporary populations.

Periodicity combines information on frequency and duration to capture the sequences of
movements (Taylor and Bell 2012). Fly-in fly-out mobility, mobility tied to second homes
and many forms of customary mobility undertaken by indigenous Australians can all
demonstrate a high degree of periodicity that differentiates them from other forms of
mobility of similar duration. Periodicity may be of interest to planners and policy makers
as it can impact the level of place attachment and different service requirements of visitors
at destinations, with regular visitors having different demands to those visiting a region on
a one-off basis.

The nine dimensions of mobility proposed by Bell (2004) highlight the complex
spatiotemporal behaviours that characterise temporary forms of mobility in Australia.
Useful progress has been made in developing robust measures that capture these multiple
dimensions of mobility (see, for example Charles-Edwards and Bell 2015; Taylor and Bell
2012), but implementation is commonly hampered by a lack of consistent, reliable data.
Moreover, even the more straightforward metrics, such as intensity and duration, depend
on whether the movement is measured at the origin or destination. Equally challenging is
whether to measure moves or movers, more or less identical when the observation interval
is short, but divergent as the interval lengthens due to repeat mobility. The dimensions
described above provide important insights into the dynamics of mobility, and the
processes that generate shifts in the population surface from day to day, week to week and
month to month, but they are not necessarily the measures that are best suited to the needs
of users, nor are they readily estimated by statistical agencies.

3. Survey of User Needs

An understanding of user needs is fundamental to the production of official statistics
(Raymer et al. 2015). While there have been long-standing calls for the estimation of
temporary populations (Smith 1989; Cook 1996, 1998; Hugo and Harris 2013), little is
known about user requirements with respect to population coverage, geography, the
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frequency of estimates, population characteristics and the types of metrics that may be of
most use. To gain insight into user needs, an online survey was distributed with support
from the Australian Bureau of Statistics to a range of stakeholders including government
agencies, state statistical offices, local government associations and the private sector. The
survey was initially distributed to a list of over 100 individuals and organisations, with
users encouraged to share the survey link with others in their network. A total of 57
responses were received. Most respondents worked in the government sector, with 25
employed in local government, and a further 26 in state or federal agencies. Four
respondents were private sector employees, while one was employed in academia. One
respondent did not state their employment sector. The survey asked fifteen questions
relating to the potential uses of temporary population estimates, desired population
coverage, the temporal resolution of estimates, the output geography and population
characteristics of interest. We note that the sample is largely comprised of local
government planners and officials and recognise that other users may have different needs.

3.1. Why are Estimates of Temporary Populations Needed?

Fundamental to the creation of official statistics is an understanding of the need for, and
utility of, any output statistics. Respondents were asked an open-ended question on the
need for estimates of temporary populations. All respondents (57) answered this question.
Responses were manually coded using an inductive approach. Codes were first created
based on a 50% sample of responses. These codes were then reapplied to this sample to
validate before being applied to the remaining responses. Results are shown in Figure 2.
The major application of temporary population estimates was seen to lie in better planning
and provision of local goods and services (36 of 57 responses) to cater for peak and
seasonal variations in demand. A second commonly cited purpose was to provide a more
robust basis for the equitable distribution of Commonwealth Government financial
resources to local government authorities (10/57). These are currently allocated using a
formula based principally on de jure population estimates prepared by the Australian
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Denominator for statistics and other research
Understanding economic impacts

Land-use planning

Understanding social impacts

Emergency planning

Environmental impact
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Fig. 2. Need for estimates.
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Bureau of Statistics, which are seen as disadvantaging local authorities that host large
temporary populations.

Other responses included the need for appropriate denominators for crime and health
statistics, a theme that has emerged in the academic literature, as well as information to
better understand the nature of the temporary populations themselves (e.g., fly-in-fly-out
populations). A number of respondents suggested that estimates were needed to better
understand the economic (8/57), social (6/57) and environmental impacts (2/57) of
temporary populations. This included the need for statistics to better model labour market
impacts and local economic effects, including the impact of temporary population on
housing affordability arising from the short-term letting market. Land-use planning,
particularly as it relates to land supply, and emergency planning and preparedness, were
also nominated. The results overwhelmingly focused on local impacts, perhaps
unsurprising given the high proportion of local government officials among respondents,
but there was also a desire for statistics with wider geographic coverage for modelling and
research purposes.

3.2.  Who Should be Captured?

Respondents were asked to identify the groups of visitors that are significant in their region
of interest from a closed list, with multiple responses accepted (Figure 3). Domestic
tourists (48/57) and international tourists (44/57) topped the list, reflecting the high overall
intensity of these movements. Second home owners (36/57) were also of strong interest,
followed by grey nomads (33/57), fly-in fly-out (30/57) and drive-in drive-out workers
(29/57). Indigenous peoples, seasonal and itinerant workers, homeless populations, people
visiting friends and relatives, and international workers received fewer mentions. Two
respondents noted that a single index capturing all forms of temporary population,
irrespective of motives, would be most valuable.

In addition to information on overnight visitors, respondents expressed a need for
estimates of daytime populations, including commuters (28/57) and those travelling for

Domestic tourists
International tourists
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Grey nomads

Drive-in drive-out workers
Fly-in fly-out workers
Working holiday makers
Other

Daily commuters

Day trippers (e.g., tourists; shoppers)
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Number of responses

Fig. 3. Types of visitors.
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consumption-related purposes (39/57). Most of these preferred separate estimates of
daytime as against overnight populations (38/55). Respondents were also asked about the
need to identify the purpose of the move. A total of 47 of 57 respondents wanted to
distinguish tourists, while 46 wanted to separately identify business travellers. Thirty-eight
respondents wanted to know if visitors accessed goods and services at the destination and
45 thought it was important to distinguish between occasional and repeat visitors (e.g.,
second home owners). What emerges from these results is the diverse composition of
temporary populations across Australian regions. For official statistical purposes, targeting
population subgroups for estimation may produce locally useful results, but will not serve
as a national standard.

3.3. Temporal Framework

A key feature of temporary populations is their variation over time, therefore a single
point estimate is unlikely to adequately represent the temporary population of an area.
Respondents were asked about the temporal variations in populations they were most
interested in capturing from a closed set of responses (Figure 4). Seasonal variation in
population numbers was the most common response (49/56), followed by variations
between weekday and weekend populations (35/56). Estimates capturing holiday
populations were nominated by 34 respondents. Daily estimates were nominated by 16.
Significantly, there was little desire for estimates capturing variation over the course of
a single day (12/56). Other time periods were nominated by 13 respondents; these
included estimates capturing monthly variations (3), periods coincident with
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over the between day overthe ~ workdays (e.g., between
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Fig. 4. Temporal variation to be captured.
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agricultural harvest seasons (2), estimates timed to capture specific events (2), and
single point estimates to facilitate comparison with other Australian population
statistics. The results suggest that daily estimates would best meet the needs of most
users; however, the data and processing needed for continuous estimates are significant.
Monthly estimates offer a potential compromise providing a balance between temporal
specificity and data demands.

3.4. Geography

Respondents were asked about the geographic scale at which estimates were needed.
Results are summarised in Figure 5, differentiating three levels in the hierarchy of spatial
units that make up Australia’s regional statistical framework: States and territories (of
which there are nine), Local Government Areas (LGAs — 563), and Statistical Areas
Level 2 (SA2s — 2310). Local Government Areas (44/57) emerged as the spatial unit for
which such estimates were most widely sought, unsurprisingly given that local
government officials comprised almost half the respondents. However, a large proportion
of respondents underlined the need for estimates at the small area level. SA2s, a
geographic unit with an average population of around 10,000 people (ABS 2016), were
nominated by 42 respondents. Other responses requested estimates for individual towns,
suburbs and discrete communities, as well as for Level 1 Statistical Areas, which have an
average population of just 400 people. At the other end of the spatial scale, States and
territories were nominated by nine respondents, while others pointed to a need for custom
geographies, included gridded population data. The results confirm that estimates are
needed at relatively high spatial resolution, and also reveal a desire to aggregate estimates
over space. Estimates must therefore be in a form that allows summation over multiple
spatial units without risking double counting of populations.

Number of responses
(38
wn
.

20 A

15 4
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0 \ T )
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Fig. 5. Australian geographic units for which respondents sought estimates of temporary populations.
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3.5. Measures

To gain a better understanding of the most useful output statistic, four measures of
temporary populations that commonly appear in the literature as options were put to
respondents (see Figure 6). These were:

1. The peak visitor population;

2. The total number of visitors in some period (e.g., a week, month or year);
3. The population present at a defined point in time; and

4. Visitor nights (or Person-time).

Estimates of the peak visitor population were the most popular option in the survey,
nominated by 42 of 57 respondents. There are two ways in which measures of peak visitor
populations are commonly implemented. The first is a measure of the capacity of an area,
that is, the maximum number of people that can be accommodated in private and
commercial accommodation (Planning Information and Forecasting Unit 2006). Estimates
of capacity can be derived from tourist accommodation surveys, counts of unoccupied or
second dwellings (McKenzie and Canterford 2018), or employer-provided housing, such
as mining camps, as well as data from sources such as (AirDNA 2019). The second
approach is to estimate the peak in actual visitor numbers, either directly from survey data
or indirectly using symptomatic data (Smith 1989) to model the change in population
numbers over time, benchmarked against the usually resident population. Examples
include the use of wastewater data (SGS Economics and Planning 2007), retail spending
statistics (Smith 1994), and mobile phone activity (Edmondson et al. n.d.). There are
limitations to both the capacity approach and measures of the actual peak in population
numbers. Estimates of capacity do not capture the timing of visits, and when aggregated
over multiple spatial units, will produce a figure many times larger than the population,
actually present. By contrast, it may be possible to capture the timing of population peaks,
but again, estimates cannot be aggregated because the seasonality of temporary
movements varies widely across space.

Peak population

Visitor nights

Population present

Number of responses

Fig. 6. Potential measures of temporary populations.
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Forty-one respondents nominated estimates of the visitor population in a defined
interval, such as a month or a year, as a statistic of interest. This measure corresponds
closely to the concept of a service population, that is, the population that accesses goods
and services in a defined area (ABS 2008; United Nations 2017). In practice, visitor
population estimates tend to capture specific groups, such as elderly snowbirds, who
migrate seasonally from northern to southern states of the United States over the winter
months (Happel and Hogan 2002) or indigenous populations (Markham et al. 2013). Such
estimates undoubtedly provide insights into the demand for some goods and services and
visitor characteristics, but rarely reflect the actual population in a region at a given point in
time. Efforts to estimate total visitor numbers by summing the component visitor groups
(e.g., tourists+business travellers+commuters) risk double-counting individuals belong-
ing to multiple populations (StatsNZ 2015). Double-counting is also an issue if estimates
are for large areas, as movers can be counted at both their origin (as a resident) and the
destination, or at multiple destinations if a trip involves a complex circuit. These issues are
compounded if estimates are summed across multiple geographical units.

A third option put to respondents was a measure of visitor nights or person-time spent in a
region, which was nominated by 38 of 57 respondents. Visitor nights is a common metric in
tourism research (Theobold 2005), while person-time is a concept familiar to demographers
and epidemiologists (Vandenbroucke and Pearce 2012), used in the calculation of
occurrence-exposure rates. In essence, person-time combines information on the number of
visitors (and absentees) in a region with the duration of time they spend in that region. In
contrast to instantaneous estimates of the population present, person-time measures capture
population over extended discrete time intervals that can be of varying duration. Person-
time is not impacted by double-counting and can be aggregated over both space and time.
Also, person-time can be used to approximate the average population present in a region in a
defined interval by dividing the total person-time by the number of time units in the interval.
However, it has not been widely adopted in the literature as a measure of temporary
population (for exceptions, see Smith 1989; Batista e Silva et al. 2017).

Population present at a defined point in time was nominated by 32 of 57 respondents as a
useful measure of temporary populations. Estimates of the temporary population present
capture the number of people in an area at a given point in time and are conceptually
equivalent to a de facto population figure. The latter would include both usual residents
and visitors to a region. Given the significant seasonal variation of many forms of
temporary movement, frequent estimates would be needed to capture peaks and troughs in
population numbers. Population present measures have been generated using symptomatic
data, including mobile phone data, to track changes in populations over time (Deville et al.
2014). An alternative approach is to estimate the various components of the population at
a set point in time (see Swanson and Tayman 2011, for a formulation of this concept).
However, in the absence of temporally and spatially synchronised data enumerating
different groups, double counting is a potential source of error. Population present
estimates have many merits. They are conceptually consistent with de facto population
statistics and are not susceptible to double counting, as movers must be physically present
in a region to be counted. Population present estimates can be aggregated across multiple
geographies, though not over time. If estimates are produced at high frequency, summary
metrics, such as the peak and average population of a region, can also be created.
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3.6. Other Characteristics

Respondents were asked what was needed in regard to the characteristics of temporary
movers. Age was seen as important by 48 of 54 respondents, while sex was nominated by
29. Other characteristics mentioned by respondents included indigenous status (6/54) and
employment status (5/54). Given the difficulties in capturing population totals, at this time,
estimates of other characteristics are a secondary concern, although information on age
and sex would have clear value.

Synthesising the results of the survey, some principles for temporary population
statistics can be identified. Population outputs need to include all visitors to a region,
including domestic and international visitors, and occasional and regular visitors. The
highest demand is for estimates that capture seasonal variation in population numbers and
for small geographic areas. In Australia, Local Government Areas were nominated as the
preferred spatial unit, reflecting their political function, but Statistical Areas, Level 2, with
an average population across the country of around 10,000 persons (ABS 2016), and
bespoke geographies were also identified as necessary. Fine spatial units would facilitate
user wishes for estimates that can be aggregated into custom regions. Concerning the type
of measure, respondents sought a wide range of statistics, including the ability to
differentiate seasonal and periodic change. Within that framework, they also called for
measures covering various aspects, including the peak population, total visitors and visitor
nights. They also wanted information on characteristics and motives, but these emerge as
secondary priorities. While this does not provide definitive guidance, it does demonstrate
that demand is high and that all forms of data would likely be well received. In the first
instance, at least, the way forward therefore, should be guided by considerations of data
availability and processing.

4. Official Temporary Population Statistics: A Survey of OECD Countries

Temporary population statistics do not generally form part of standard national statistical
outputs. However, a range of information is captured in other collections that may serve as
input into temporary population estimates. These include travel and tourism surveys that
capture information on domestic and international travel. Questions on temporary
populations have been asked in a number of national censuses. For example, the 2011
Census of England and Wales asked “Do you stay at another address for more than 30 days
a year?”. A number of countries record information on second homes, but information
must be accompanied by data on utilisation to produce population estimates (Back and
Marjavaara 2017). In recent years, several statistical agencies have also explored the
utility of mobile phone and other “big data” sets as a source of information on population
mobility, with pioneering work in this space emerging in Estonia (Ahas et al. 2011). To
take stock of progress, we undertook a desktop survey of the national statistical agencies of
35 OECD member countries to determine the type of population estimates currently
produced (de jure, de facto and working) and whether any type of temporary population
estimates are available or undergoing development. We also sought to identify national
travel and tourism surveys that collect data on temporary population mobility that may be
used to inform official estimates. For this exercise, temporary population statistics were
defined broadly as any statistic that counts a non-resident population; this includes both
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diurnal and overnight visitors. The review was undertaken in the last quarter of 2018 and
was limited to national statistical agencies. Other government agencies, such as tourism
bureaus or regional government offices might also produce relevant statistics, but these fell
outside of our survey frame. As the survey was confined to online resources, results should
be viewed as indicative rather than definitive, but do provide a flavour of contemporary
approaches in the sample countries.

Results are shown in Table 2. Consistent with the UN Principles and Recommendations
(United Nations 2017), all OECD countries produce de jure population estimates and most
censuses are carried out on a de jure basis. However, five member countries also publish
de facto counts from national population censuses (Australia, Ireland, Israel, Italy, and
New Zealand). Comparison of de facto and de jure counts can provide useful insights into
the overall intensity and spatial impacts of temporary mobility (Bell and Ward 2000).
In the 2001 Australian Census, nearly 5% of the Australian population were enumerated
away from home in a distinctive spatial pattern. Cross-tabulating place of usual residence
by place of enumeration also helps identify origin-destination flows among temporary

Table 2. Desktop survey of official population statistics, OECD members.

Working
population Temporary Travel or
De (from census  population tourism
Country jure De facto or register) estimates survey Notes
Australia Yes Yes Yes No Yes 1
Austria Yes No Yes No Yes
Belgium Yes No Yes No Yes
Canada Yes No Yes No Yes
Chile Yes No Yes No Yes
Czech Republic Yes  Not known  Yes No Yes
Denmark Yes No Yes Yes Yes 2
Estonia Yes No Yes Yes Yes 3
Finland Yes No Yes No Yes
France Yes No Yes Yes Yes 4
Germany Yes Not known Not known No Yes
Greece Yes Not known Not known No Not known
Hungary Yes  Not known  Yes No Yes
Iceland Yes No Not known No Yes
Ireland Yes Yes Yes Yes Yes 5
Israel Yes Yes Yes No Yes
Italy Yes Yes Yes Yes Yes 6
Japan Yes No Yes No Yes
Korea Yes Not known Not known No Not known
(Republic of)
Latvia Yes No Yes No Yes
Luxembourg Yes No No No Yes
Mexico Yes Not known Yes No Yes
Netherlands Yes No Yes Yes Yes 7
New Zealand Yes Yes Yes Yes Yes 8
Norway Yes No Yes No Yes
Poland Yes No Yes No Yes
Portugal Yes No Yes No Yes
Slovak Republic Yes Not known Yes No Yes

Slovenia Yes No Yes No Yes
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Table 2. Continued.

Working
population Temporary  Travel or
De (from census  population tourism

Country jure  De facto or register) estimates survey Notes
Spain Yes No Yes No Yes
Sweden Yes No Yes Yes Yes 9
Turkey Yes Not known Not known No Yes
United Kingdom  Yes  No Yes Yes Yes 10
United States Yes Yes Yes No Yes

1. The Australian Bureau of Statistics conducted a pilot study to estimate temporary populations based on mobile
phone data in 2016. The pilot study has yet to be released. http://www.abs.gov.au/websitedbs/
d3310114.nsf/home/ABS-+Media+ Statements+- -+ Response+-to+reports-+about+ use+ of +- aggregate+level
+telco+data

2. Holiday dwellings: number and nights spent (https://www.dst.dk/en/Statistik/dokumentation/documentatio-
nofstatistics/holiday-dwellings)

3. Feasibility study on the use of mobile positioning data for tourism statistics (https://www.stat.ee/78262?
highlight=mobile%2Cphone); Commuting in Estonia. An analysis based on mobile positioning data https://
www.stat.ee/65754?highlight=mobile%2Cphone

4. Daytime population (https://www.cso.ie/en/releasesandpublications/ep/p-cp1 leoi/cpl1eoi/dtpn/)

5. Population a compete a part: this captures people counted away from their commune of usual residence, but
certain groups are excluded, for example military personnel, people in hospitals, people in convents/monasteries
https://www.insee.fr/fr/metadonnees/definition/c1650

6. 2001 Census question on multiple residences (https://unstats.un.org/unsd/demographic/sources/census/quest/
ITA2001en.pdf)

7. Mobile phone estimates How many people are here? (https://www.cbs.nl/en-gb/our-services/innovation/
project/how-many-people-here-)

8. Using mobile phone data to measure population movements (https://www.google.com/url?sa=t&rct=
j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjsweavzqjg AhXNfHOKHVUDBIOQFjAAegQIChAC
&url=http%3A%2F%2Farchive.stats.govt.nz%2F~%2Fmedia%2FStatistics%2Fservices %2Fearthquake-
info%2Fusing-cellphone-data-measure-pop-movement.pdf&usg= AOvVaw1vjQVs2_SDGgvNrhIHNwlb)

9. Holiday home areas (https://www.scb.se/en/finding-statistics/statistics-by-subject-area/environment/land-use/
concentrations-of-holiday-homes/)

10. Workday population (https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/
populationestimates/articles/theworkdaypopulationofenglandandwales/2013-10-31); 2011 Census question on
second address (https://www.ons.gov.uk/peoplepopulationandcommunity/housing/bulletins/201 1censusnumber
ofpeoplewithsecondaddressesinlocalauthoritiesinenglandandwales/2012-10-22)

movers, while other census questions also reveal their characteristics. However, these
benefits of compositional and spatial detail are offset by the fact that the census provides a
snapshot of temporary mobility on a single day of the year, which may not be more broadly
representative. In the United States, the American Community Survey (ACS) captures a
modified de facto population based on a current residence rule, interviewing people living
at an address for more than two months. Official guidance suggests that the data produced
by the ACS are similar to usual resident counts derived from the decennial Census, except
in areas ‘. . .that include large beach, lake, or mountain vacation areas, or large migrant
worker communities. . .” (U.S. Census Bureau 2018, 60). In addition to de jure and
de facto counts, estimates of working populations (i.e., based on place of work or study)
are available from the Census or population registers in 28 countries.

Temporary populations statistics, defined in this instance to include daytime populations
are produced in 9 of the 35 OECD member countries. Statistics fall into three main types.
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The first estimate daytime populations using a combination of working population and usual
resident statistics captured by national censuses (see, for example the UK Office of National
Statistics (ONS 2014) and the Irish Central Statistics Office (CSO 2017)). These estimates
use an accounting framework in which entrants to the population are people working in a
region, while exits are usual residents working outside the region. The statistical outputis an
estimate of the average population present in a region during working hours.

The second group of estimates capture second home populations using surveys (e.g.,
Denmark), administrative data (e.g., Sweden) or via a census (England and Wales, and
Italy). These estimates have varying conceptual bases in different countries. In Sweden,
statistics are produced measuring the number of second home dwellings, but not their
associated population, in a defined area, which can be used to estimate carrying capacity.
In Italy, and England and Wales, statistics capture the number of people who used a second
dwelling in the year prior to the Census. In Denmark, estimates are produced of both the
number of second homes and the cumulative person-nights spent in those homes.

The third group of estimates capture temporary populations using mobile phone data.
Statistics Netherlands has produced experimental estimates of the population present in
municipalities at hourly intervals (CBS n.d.). In Australia, mobile phone data have been
explored for their use in population estimates (ABS 2018). In addition to instantaneous
estimates of the population present, mobile phone data have been used to capture
temporary population flows. In Estonia, commuting and tourist flows have been monitored
in partnership with academic researchers (Ahas et al. 2011; Ilves and Karus 2014).
Statistics New Zealand used mobile phone data to track the temporary movements of
people following the Christchurch earthquake in 2011 (StatsNZ 2012).

The desktop review suggests that there is some interest in the production of temporary
population statistics in OECD countries, but there is no consensus as to how these are best
conceptualised or produced. Approaches vary with respect to population coverage (e.g.,
daytime populations, second home owners, all visitors), how estimates are conceptualised
(e.g., person-time, population present) and the methods and data used to produce the
estimates. However, almost all countries do conduct some form of tourism or travel survey
that can provide data on common forms of temporary population mobility. While progress is
needed on multiple fronts, clear conceptualisation of temporary population statistics is a
critical first step.

5. Towards Official Temporary Population Statistics

To date, there has been little progress in the production of temporary population statistics.
This is not due to a lack of demand, as calls for temporary population statistics go back
decades. What can account for this lack of progress? A paucity of data and inadequate
processing procedures are undoubtedly factors, as is the embryonic state of
conceptualisation of temporary populations and poor understanding of the underlying
dynamics of temporary mobility. “Service population” is the principal concept relating to
temporary populations in the official statistical literature, having entered the lexicon of the
United Nations Population Division, and national statistical agencies, including Statistics
New Zealand and Australia (see, for example StatsNZ 2015; ABS 2008). This concept has
proven difficult to implement across multiple geographies and multiple population groups,
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and suffers from a range of shortcomings associated with estimates of total visitors that are
described in Subsection 3.5. Two concepts discussed in this paper may prove useful
to progress temporary population estimates: population present and person-time. The
strength of both measures is their ability to aggregate numbers across regions (and across
time, in the case of person-time) and constrain them to national estimates. Daily
population present estimates are consistent with demographic accounts, in that changes in
population stocks can be linked to the flows driving dynamic shifts in populations (Rees
and Wilson 1973). In practice, the implementation of a full set of multi-regional accounts
at daily intervals is likely unworkable due to the complexity of the underlying temporary
mobility that we have described in Section 3. However, high frequency estimates of the
population present can be generated from symptomatic data for single areas, and for
multiple geographies using mobile phone data (CBS n.d.).

While population present estimates are now feasible in some settings, data access
remains a key impediment. Mobile phone records are available in some countries, but in
others, privacy concerns, fragmentation across multiple providers, and cost make access
difficult. Ironically, access to mobile phone data is often easier in developing world
countries due to data philanthropy, particularly following natural disasters (Bengtsson
et al. 2011; Wilson et al. 2016). Person-time estimates that combine information on the
numbers of visitors (and absentees) in a region with the duration of time they spend in that
region are an alternative. In contrast to population present estimates, person-time measures
population over discrete time intervals that can be of varying duration. To estimate person-
time, information is needed on both the intensity of movement and the duration of stay at a
destination. Fortunately, such data are collected in travel and tourism surveys that are
ubiquitous across OECD countries. These two options are not mutually exclusive. Person-
time is consistent with instantaneous measures of population present: if the population
present over time is represented by a curve on a population-time chart, person-time is
equivalent to the area under the curve. This relationship between person-time and
population present offers potential avenues for combining data from multiple sources. A
framework that exploits this relationship provides flexibility across national contexts.

6. Whither Temporary Population Estimates?

In this article, we explored issues associated with the production of official temporary
population statistics. Guided by the framework developed by Raymer and colleagues
(2015) we touched on a number of interrelated elements: the dynamics of the mobility
driving short-term shifts in population numbers in a developed world context, user needs
for statistics on temporary populations, and existing outputs measuring temporary
populations published by OECD countries. The culmination of the article was a discussion
of two statistical concepts germane to temporary population statistics: estimates of
population present and of person-time. These concepts are, of course, not new to
demographers. Integrating under a curve of population counts to calculate person-time is
key to the calculation of occurrence-exposure rates, as well as the L, column in life tables.
However, these concepts have been absent from discussions of temporary population
estimates. These concepts each have the potential to produce the statistics sought by users
and the relationship between the two measures offers a potential avenue for combining
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data from different sources. Population present might be estimated using mobile phone
data, while person-time might be derived from tourism surveys.

Statistical outputs are ultimately dependent upon matching concepts with available data
sets. Temporary population mobility has not generally been measured in standard
demographic collections, such as censuses or population registers. In instances where this
has occurred (e.g., the 2011 Census of England and Wales), data have not been linked
explicitly to clearly defined concepts. As data from mobile phone and other ICT develop, it
is becoming more feasible to produce such estimates, but a number of challenges remain
that relate to privacy, ownership, access and cost. There are also methodological and
production challenges relating to bias, groundtruthing, and computing resource demands
that are non-trivial (Tam and Clarke 2015), particularly if estimates are sought across
multiple regions. In many instances, temporary population statistics will need to be based
on a combination of disparate data sources, rather than a single data set. This echoes broader
trends in the production of demographic statistics linking administrative data sets. Indeed,
many countries are embarking on a transition away from traditional censuses, towards
linked administrative data sets capable of producing longitudinal data (Kukutai et al. 2014).
For example, Australia proposed replacing the 2016 Census with linked administrative data
sets, although plans have since been put on hold (Bell 2015), while the Office of National
Statistics (England and Wales) has a programme to develop an administrative census (ONS
2017). Systems are more developed in Nordic countries, with for example Statistics Finland
having developed a fully operational statistical system linking population, business and
property registers (Ruotsalainen 2018). The shift to longitudinal data offers promising new
opportunities to assemble data on both suggested measures, first by providing an effective
continuing census from which a snapshot of temporary populations can be extracted, and
secondly by cumulating the time spent in particular jurisdictions to generate data on person-
time. Also promising are longitudinal statistics on international visitors in countries such as
Australia, which can be used to estimate the population physically present in a country by
tracking arrivals and departures of international visitors and residents (Burleigh 2018).
From this database, it is possible to estimate the persons present at any point in time, but
person-time measures can also be generated by summing durations of absence and of stay.
Despite these developments, longitudinal data are not essential for the production of
person-time measures and their development should not lead agencies to overlook existing
data sets, such as tourism and travel surveys that capture retrospective information on the
intensity and duration of moves. Also useful are occupancy statistics collected in tourist
accommodation surveys, and from online platforms, such as AirBNB and HomeAway
(AirDNA 2019). The need for official temporary population statistics will ultimately vary
across national contexts and will be impacted by data availability and processing capability.
A clear and consistent conceptual approach is an important first step in the development of
widespread temporary population statistics.
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