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Figure 1. Population datapoints per city in Stadestér Base as compared to Stadestér-GHSL.

Abstract

Stadestér is an internally consistent global urban population database of ~41.214 cities and
their populations from 3000BC to 2025AD as taken from Buringh, Chandler, de Vries, GHSL,
GHS-POP, Modelski, Populstat, Reba et al., and Wikipedia. Resultant data was standardised,
geolocated, cubic spline interpolated, and calculated at 1-year intervals via weighted geometric
averages. Reliability was assessed via comparisons to other demographic sources and long-run
urban estimates, out-of-model sampling, regional centre of population/gravity comparisons,
and manual copychecking prior to calibration, deviating by a mean of 17,4% (SD = 13%) of

HYDE/UN estimates over the long run.
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To avoid duplicate entries, cities were merged based on their physical distance from one other
as well as their semantic similarity between both contemporary and historical names.
Metropolitan networks were corrected for by subtracting suburban populations from their
metro area, and redistributing any negative numbers held by the metropolitan area back to
their suburbs in a proportional manner. Geolocation was achieved via automated
Selenium/Puppeteer scraping, the Google Places API, Google Maps, Nominatim/OSM, and

manual transcription.

Area, density, rate of natural increase (RNI), and geospatial distributions of population within
cities are also available at annual resolution starting from 1800AD. Note that rasters have only
been outputted for the subset of HYDE years from 3000BC-2025AD, and that we provide an
open-source CLI for generating data from specific years, in addition to a custom UI tool for
geoprocessing and visualisation (Constele Red). Area/density calculations were derived from
Angel, Bairoch, Clark, Pasciuti and Chase-Dunn, and Stanilov and Sykora. The work of Hanson,

Ortman, and Storey on classical populations have not yet been implemented.

We also naturally provide rasters of global overall population and non-urban population as an
alternative to HYDE3.2/3.3 based on HYDE corrected for outliers, McEvedy and Jones, and
GHS-POP. To replace masked outliers, we created custom climate models based on the ALCC
work of KK10/LUH2 as rural population fallbacks. Both the main substrata and fallback

substrata were calibrated to reliable estimates of regional and global population.

Note. European decimals are used throughout this research. Accompanying each figure is a

hyperlink for a full-resolution version of the image.

Background

What do we know about urban history? When this project had begun, we assumed this was a
somewhat settled question - population figures had after all been published and tabulated in
great detail for past cities, however HYDE3.3 had not done so, despite being commonly used in
long run analysis and estimates of urbanisation, for example by Our World In Data, or as a
background variable by V-Dem [1][2].

To their credit, it is confusing since HYDE3.1’s methodological paper implies that urban
population totals did use estimates of historical urban population, HYDE3.2’s preprint implies
otherwise, HYDE3.2’s paper refers back to HYDE3.1’s methodological paper, and there is an

additional flowchart in said paper claiming that historical population was empirically derived:
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Figure 2. HYDE3.2’s flowchart implying historical urban population is empirically derived

(Urban pop numbersy).

‘Chandler (1987) and Mitchell (1993a, b, 1998) present hundreds of estimates for historical city
population numbers, but they provide no area associated with them, therefore we decided to

use historical urban densities as a proxy for computing built-up area instead’. [3]

‘Finally, an important point to be made is that in this HYDE3.2 version no empirical data is
systematically used (yet) to improve the historical land use reconstructions. All allocation in in
[sic] the deep past is done by general, globally applicable HYDE allocation rules. As Morrison

(2015) rightly pointed out, these rules are often made with a Euro-centric point of view’. [4].

HYDES3.3 does not have a corresponding methodological paper. It is difficult to tell which is
which - we will charitably assume that urban population numbers not in land use, and that
they did encode empirical figures. If so, there must have been a lot of clerical errors, because
HYDE3.3’s assessment of principal cities in antiquity are off by orders of magnitude from
Chandler and Modelski:

City HYDE Population Estimated Discrepancy Sources
(1000s) Population
(1000s)

Chengdu 3,225 250 77,519x Modelski [5]
Luoyang 1,386 260 187,59x Modelski [5]
Chang’an 1 246 246x Modelski [5]
Kaifeng 1,297 100 77,101x Modelski [5]
Taxila 0,557 150 269,299x Modelski [5]
Madurai 1,833 50 27,277x Chandler [6]
Pataliputra 2,808 100 35,613x Modelski [5]
Vaishali 2,168 100 46,125x Modelski [5]

Alexandria 0,623 400 642,054x Chandler,



Modelski [5][ 6]

Jerusalem 0,093 100 1075,268x Chandler [6]

Seleucia 0,147 400 2721,088x Modelski [5]

Rome 2,741 450 164,174x Hanson & Ortman
(City Proper),

Storey, Chandler
[61(71[8]

Caracol 0 100 N/A Modelski [5]
Geomean - - 168,569x%, SD =
Discrepancy: 778,214

Figure 3. Table of urban population differences between HYDE and academic estimates (1AD).

Estimated populations are geometric means.

It is certainly not as though these estimates improve with time, or even the advent of modern
data. HYDE claims, for instance, that the largest cities in the Soviet Union in 1950AD were
Chelyabinsk and Novosibirsk, and that their peak population densities were roughly twice that
of Moscow. It is also not self-consistent within countries as diverse as Bhutan, Denmark,

Iceland, Russia, or the pre-Columbian United States and Canada’.

Paris (Outlier)
Consistent until ~1900AD

Denmark (Outlier)
~10000BC - 1000BC

Figure 4. Screenshots of extant artefacting issues with with HYDE3.2/3.3 as viewed on an

elevation heightmap in Constele Red.

All of this confusion is an especially undesirable outcome given that gridded population

datasets are frequently used for urban planning or assessments of historical urban population

[9].



Extant Datasets

Stadestér originated from an attempt to fix historical populations within HYDE. We had
unfortunately found in the process that HYDE3.2/3.3 was unworkable even on a regional scale,
and so had to scale processed HYDE population rasters first to McEvedy and Jones, then to
estimates to Amerindigenous populations as carried out by Denevan, Snow, Alchon, Peros, and
Milner [11][12][13][14][15]. We then merged HYDE3.2/3.3 to get rid of some of the outliers in
the most recent iteration of the dataset, before recalibrating it to various estimates of regional
and global population [16]. We will refer to this internal model throughout the paper as
Velkscala 0.7.

An ideal solution for fixing urban populations within Velkscala 0.7 would have been to use
existing comprehensive urban datasets at a global level, but despite large-scale advances in
data sourcing from Wikipedia, YouTube, or various websites [17][18], organised tables and
aggregations of urban data remain limited. The field of historical demography in general may
evolve in an OSINT/open-source like manner similar to data science, but we have relied mainly

on scholarly research in aggregating this dataset.

However, we found that existing work had generally low urban coverage, was spatiotemporally
sparse, and often did not incorporate better modern data post-1975 or even post-2000 as made
available by GHSL, with an error margin of ~4,5-11,6% from satellite data [19][20]. The largest
dataset with global urban coverage was Reba et al., whose work encompassed only 1.741
unique cities. Buringh has consistent listings for 2.261 cities, most of which appear

consistently, though only for the European continent.

We did not assess the error margins of these historical datasets, though we did assess
discrepancies between estimates of total urban population and raw sums from our
uncalibrated dataset once merged, and estimate an error margin of ~20-30% from general
testing and validation. Both Chandler and Modelski were prone to overestimate the size of

ancient, and in some cases, mediaeval cities [21].

We must advise anyone using our dataset to be cautious of this until we can manually revise
these figures to more conservative estimates for antiquity utilising sources by regional
specialists in future iterations of this dataset (for example that by Hanson and Ortman, Storey,
Broadberry, van Zanden, TAVO, or work carried out by archaeological statisticians), whom we
have (not yet) integrated.
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Figure 5. Number of cities in Stadestér compared to other datasets of historical population.

Dataset Number of Cities Geographic Time Domain Sources
Domain

de Vries 379 Europe 1500AD-1800AD  [22]
Modelski 445 Global 3700BC-2000AD  [5]
Chandler 1.597 Global 2250BC-1975AD  [6]

Reba et al. 1.741 Global 3700BC-2000AD  [23]
Buringh 2.261 Europe 700AD-2000AD [17]
GHSL 11.195 Global 1975AD-2025AD  [24]
Stadestér-GHSL  41.214 Global 3000BC-2025AD N/A

Figure 6. Geographic coverage and sample sizes of peer urban demographic datasets
compared to Stadestér-GHSL.

The synthesis of extant datasets has led to a general increase in the number of cities in
Stadestér-GHSL, with 8.181 of these cities being observed prior to 1900AD. Due to the relatively
large size of our target resolution rasters, 5-arcmin being roughly 9,275km at the equator, we
judged it unnecessary to calculate individual urban densities prior to 1800AD, as pre-industrial
growth typically resulted in compact cities, and our data is granular enough to capture distinct

peri-urban settlements.



The largest pre-industrial urban centre was likely Angkor, and with a city centre of 15x15km, it
would barely exceed 4 gridcells at a 5-arcmin resolution, though its irrigation network is much
larger at ~1.000km~2 [25]. We were also unable to normalise much of the Wikipedia data
during the course of this study, and ultimately did not integrate much of it into our dataset

outside of some manual population fixes for the work of Reba et al.

Stadestér-GHSL

Stadestér Methodology
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Figure 7. Schematic overview of Stadestér’s design showing both the rural substrata model and

urban dataset construction.

At present, Stadestér consists of five parallel models working in conjunction to produce urban
population data - a global substrata model from Velkscala 0.7 utilising climate models as a
fallback for rural population, a dataset of human settlements and their populations, weakly
interpolated over time, and an area/density buffering model for them between 1800-2000AD as
taken from our extant population figures and work done by Angel, Paiscuti, Chase-Dunn,
Bairoch, and Stanilov and Sykora [26][27][28][29]. Unlike backcasted urban models, our urban
model is casted forwards in time, such that it would enable us to perform out-of-model
forecasting during the truncation period (1975AD-2000AD) between modern satellite data and
our proxy model [30][31][32]. Reliable historical data is also available for a representative
sample of 30 global cities over the same time period in the Atlas of Urban Expansion [33], which

we were also able to visually compare against (Figure 32).



The final model are those by GHS-POP and GHSL-UCDB, which we use after 1975AD after
downscaling to a consistent 5-arcmin resolution (4320x2160) for the same standard projection
(WGS84 Equirectangular) [34]. We refer broadly to the resultant dataset as Stadestér, and will

use qualifiers (Stadestér Base, Stadestér-GHSL, etc.) where appropriate.
Definitions & Glossary

e ALCC | Anthropogenic Land Cover Change (ALCC), taken here to be the cumulative
fraction of a gridcell under anthropogenic use.

e Centre density, city centre density | The imputed density of a city at its city centre,
typically measured in inhabitants per km~2, or ihb/km~2.

e GHSL | Global Human Settlement Layer (GHSL) dataset. When used in isolation, it
refers specifically to GHSL-UCDB, or its urban layer by Melchiorri et al.

e GHS-POP | Refers specifically to GHSL population rasters from 1975-2025, as linearly
interpolated and scaled to reliable estimates of world population.

e Global 30 | Refers to the 30 global cities taken as being a representative sample of
varying world regions by Angel.

e Global 120 | Refers to the largest 120 cities by maximum population as present in
Stadestér.

e KK10/LUH2 | Refers to a custom internal ALCC model as synthesised from KK10
(Kaplan and Krumhardt 2010) and LUH2 (Land Use Harmonization 2), as averaged and
scaled to global population. Used as a fallback for HYDE/Velkscala 0.7.

e Stadestér-Base | The base dataset without the usage of GHSL layers post-1975.

e Stadestér-GHSL | Piecewise data set that uses Stadestér Base prior to 1975AD, and GHSL
after 1975AD.

e Stadestér Global, Stadestér Global Population | Global population rasters including both
urban and rural population.

e Stadestér Rural | Resultant rural population rasters that include both peri-urban and
semi-urban populations in addition to purely rural populations.

e Stadestér Urban | Resultant urban population rasters that include only human
settlements that qualify against the Stadestér definition of a city.

e Substrata | The synthesised internal model of non-urban population that we use after
urban outlier removal from a merged version of KK10/LUH2 and Velkscala 0.7.

e Velkscala, Velkscala 0.7 | A previous database of global population utilising a custom

internal variation of HYDE3.2/3.3 with rescaling done at the national level.
Historical Names
Due to the long time domain of Stadestér, we have generally decided to utilise the last

contemporary romanised name present for each unique city (i.e. Capua as Santa Maria Capua
Vetere, but Seleucia, part of Ctesiphon, has maintained its antique name, as it was abandoned



in 762AD after being briefly known as Veh Ardashir/Véh-Ardax$ér) [Error! Reference source
not found.][36]. Similarly, proximity and semantic merges have meant that cities may
sometimes have the name of a close by city or neighbourhood, particularly as an artefact of
disagglomeration and proximity merging in final datasets, as in the case of London, some of

whose population entries were transferred to Kensington and Chelsea.

All listed historical and alternative names were merged under an other_names array which is

present for each city’s JSON entry.
What Is A City?

There is no settled definition of a city [37][38][39]. As such, we take a city to be any permanent
human settlement mentioned in constituent sources until 1800AD, mentioned as a town or city
in censuses, encyclopaedias, or yearbooks from 1800AD-1975AD, with the GHSL/UN definition
of a city (degree of urbanisation) being adopted after 1975AD for Stadestér-GHSL [40][41]°.

Because this was not without its issues (i.e. there being no cities in the American South until
1980 by this definition outside New Orleans, Miami, Tampa, and Texas) [42], we have also
retained legacy cities carried over from the 1800AD-1975AD definition in non-Stadestér-GHSL
rasters, updating their populations forwards until 2023AD. If you wish to revise this definition,
we recommend the use of threshold filtering over the dataset by area, city centre density,
population, or any other variable provided in Stadestér, since we aim to create a relatively
comprehensive listing of historical human settlements.

World Regions

Maghreb-Egypt

A

utheast Asia
- -

Figure 8. Choropleth map of major world regions as defined by Stadestér for statistical
purposes.



In the interests of statistical transparency, we chose to use 12 major world regions for
statistical purposes. These world regions cover each of the six inhabited continents, and are

divided as follows:

- Northern America: the modern United States and Canada, both being primarily Anglo-
settler colonies in the Americas.

- Latin America: those nations in the Latin American and Caribbean (UN) group, as well
as French Guyana and Puerto Rico.

- Europe: national jurisdictions on the European continent which utilise the Latin
alphabet and are not in Eastern Europe & Russia, as well as Greenland?®.

- Eastern Europe & Russia: nations in the Orthodox World which were formerly part of
the Socialist Bloc and utilise the Cyrillic alphabet.

- Middle East: any nation primarily in West Asia, including those of the Southern
Caucasus, as well as Iran.

- Maghreb-Egypt: the northernmost nations in Africa bordering the Mediterranean,
excluding the Sahelian states, but including Western Sahara.

- Sub-Saharan Africa: any nation on the African Continent not situated in Maghreb-Egypt
or Oceania.

- Central Asia: the landlocked nations of Central Asia, as well as Pakistan®.

- Indian Subcontinent: comprised of India, Sri Lanka, the Maldives, and Bangladesh.

- Southeast Asia: the nations of ASEAN as well as Papua New Guinea’.

- East Asia: China, Taiwan, the Korean Peninsula, and Japan®.

- Oceania: the otherwise conventional definition of Oceania; extended to the Mascarenes

and Mayotte’.

Certainly there will never be a good non-arbitrary way to divide the Earth. What motivated us
to divide statistical regions in such a manner were mainly differences in archival practices,
infospheres, and documentation. In having such hard boundaries, we may at least assess the

statistical quality of each region relative to its own recordkeeping.

Methodology

‘What is now known about the pre-nineteenth century urban population of Europe? The short answer
to this question must be: surprisingly little ... this negative appraisal may seem odd to some readers
who are aware of the impressive advances made since the late 1950s in the study of historical

demography’. - Jan de Vries, European Urbanisation (p. 17).

The good news is that we now know a surprisingly great deal not just of European cities prior to

1800, but of the world more generally, thanks to the enduring work of historical demographers.



The bad news is that in the years since de Vries issued his various statements, the field has
effectively collapsed and died [43].

Presumably this occurred sometime between the first and second editions of the International
Encyclopedia of the Social & Behavioral Sciences, when its entry switched from that of a living
field to a biography [44], and it now occupies (n=7) ~1,1-1,7% of demographic papers presented
out of a sample of 507 [46]°. For those that might object to the portrayal of its collapse, let me
remind you that in living fields, there are generally not academic perspective essays entitled

‘Reach out to bring in rejuvenation: on the need to populate historical demography”.

Historical demography, in other words, must now be the work of us pseudonymous amateurs.

Let us now explain that work.

Data Scraping

Lahmeyer (Populstat) was the last great historical demographer to have published exhaustive
research [47]. However this work had not been geospatialised, and so required scraping and
preprocessing [48]. A recursive scraper using CURL/JSDOM was first built to crawl Populstat
and fetch relevant links to pages on the towns and settlements of various jurisdictions (‘of some
important towns’), and the resultant HTML tables were cleaned and processed into JSON files,

with redundant keys having their population entries merged [49].

Relevant tables were selected with query selectors, with the first table row being taken as the
header, as it typically contained years in Populstat. Any numeric headers that resolved to an
integer were assumed to contain years, and the main table underneath had European figures
parsed as such and multiplied by 1.000". The first column was taken as containing the name of

a place.

Variants of the name were appended to other_names, and generic field handling was
implemented for various fields which did not match the pattern specified above. To help map
agglomerations to non-agglomerations, we also mapped semantic patterns such as
(agglomeration) and is agglomeration of onto one another, as we intended to utilise
these mappings to avoid double counting both metropolitan and suburban populations in
mixed registries, which has proven an issue even for modern gridded population maps and
statistical agencies such as GEOSTAT and Canadian census data [50][51].

A general scrape of data from Wikipedia was also conducted utilising a scoring system in an
attempt to associate Populstat cities with Wikipedia articles, but this approach proved noisy
due to a weak implementation of NLP algorithms and near-indiscriminate table selection, and
so we opted to exclude any resultant Wikipedia JSON data from the final model in Stadestér 1.0.
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Figure 9. Provenance of principal sources of population data used in Stadestér over time
(3000BC-2025AD). Note that Lahmeyer denotes Populstat.

Similar tasks have previously been attempted [52], but they differed from our use-case in that
population figures and placenames are inconsistently placed and named, decimal notation
differs, and that the order of magnitude chosen for population figures can differ dramatically
from figures without distortion, as in the case of Berlin, to listing residents in millions, as in the
case of Nanjing [53][54].

We propose in future iterations of Stadestér to utilise long-context LLM agents for data
extraction, though significant problems would likely remain in terms of data structuring,
though we view these challenges as surmountable [55][56]. Preprocessed datasets were also
brought forth to cover different eras of the dataset - in particular, details from both Chandler
and Modelski (via Reba et al) were synthesised by way of having equivalent keys merged into a

single population object utilising weak geometric means as follows:



Let S = {xy,x,...,x,} be your set of values, where
St={x;€85: x,20},S " ={x; €S: x; <0},
nt = |S*|,n” =|S7|,n=n" +n~ +n° and n° is the number of zeroes.
GM*(S) = ([Lyes+ )™, GM~(S) = (Txes- XY™, where the weighted geomean function is:

WEGM(S) == GM*(5) — "= GM~(S).

Definition 1. Given a set of negative and positive values, construct a weighted geometric mean

such that a set of values S resolves to a single value.

Let K = nL; keys(S;) be the set of overlapping keys, where
U = UjL; keys(S;) is the set of all keys, and N = U \ K is the set of non-overlapping keys,
where Vy, = {S;[k], Sz2[k], ..., Sm[k]} is the list of values for key k across all sets.

The weakly-resolved set of keys is then represented by the resolution map:

R[k] = {k - WEGM(V}) for k € K, k — S;[k] for k € N, where k € keys(S))}.

Definition 2. Given multiple sets S,,,, weakly resolve the set such that the resolution map R
maintains the non-overlapping keys of each set, whilst applying a weighted geometric mean to

remaining figures (Definition 1).
Of course, this means that WGM (V) = R[k], where WGM is our weak geometric mean.

This type of implementation is a generalised workaround for being able to process negative
numbers [57]. Weak geometric means differ from ‘strong geometric means’ in that strong
geomeans are cubic spline interpolated over the course of the entire course of their domain
prior to being geometrically averaged between overlapping values. Strong geometric means
are generally more useful when there are enough data sources such that large divergences are

smoothed out in processed data.
We mainly utilise a bounded log-space cubic spline interpolation, which we define as follows:

Given X = {x1,%5,..., X, } C R, Y = {y1,¥2,...,¥n} C Rsg, let x* € R be the point at which to
interpolate.
L; = {log(y;) if y; > 0, log(€) otherwise, where € = 107°.
LetS(x;) = L;fori =1,...,n|S(x) is the cubic spline interpolant, and
L*=5x"),y" = exp(L").
Let x,, and x,, be the largest and smallest x; | x, < x* < x,,, where y, = y(x,), yn = ¥(xp).

x*—

Axp Axy) = Vi = Yp + ip (¥n — ¥p)) , where the final value is bounded thus:
p

Xn—
y* = {min(max(¥p, Yiin), Yn) if Ax, A3xy), y* otherwise.
BCS(X,Y,x*) = 9", where BCS represents the bounded cubic spline at a particular value.



Definition 3. Given a set of x-values over a domain X, and a set of y-values over a range Y,

cubic spline interpolate the value x™ in log-space such that x, < x* < x,,.

Ergo, a strong geometric mean would have the resolution map R[k] = SGM(V},) =
(Hx*epk BCS(Xy, Vi, x*)) Y/ 1Pkl

where Dy, is the set of domain point integers that were sampled or interpolated.

Certainly analogous boundings on cubic splines have been attempted before, though strong
geometric means do not seem to appear in the statistical literature, though their constituent
parts (i.e. splines of weighted geometric means) and bounded cubic splines have been

independently analysed, if only in a geometric, and not necessarily statistical context [58][59].

In any case, they have not been utilised in Stadestér 1.0 outside density modelling or global
population estimates, and this can lead to larger swings in population entries than expected.
We simply did not feel that there were enough ‘clean’ sources to utilise this approach, although

we plan to implement such strong geometric means on a case-by-case basis in the future.
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Baseline Density

Timeline of principal sources used in Stadestér:

: i ? inal ti i
Note: A question mark (?) symbol denotes a marginal source used for the time period Balroch 1988, Basellne Densiy

GHS-UCDB, Melchiorri et al. 2024
Geospatial distribution ( Clark 1951 I Stanilov and Sykera 2014; Clark variants
Substrata Mode| [ Substrata Model (Kaplan and Krumhardt 2010, LUH2 Hurtt et al, 2020, HYDE3.2/3 3 scaled to McEvedy and other estimates) I Substrata Model (HYDE) I GHS-POP - R2023A

Clark parameters ( Angel 2011; area/densitywalkability ratios
Global population DBs (Repa 2014) Chandler, Modelski, Reba et al. 2014 | GHS-UCDB, Melchiorrietal. 2024 ]
Lahmeyer 20027 ( Lahmeyer 2002 )
Regional population DBs [ Buringh 2021 )]
| Devries |

Geolocation ( Goagle Maps/Nominatim ]

~100008C 3700BC  3000BC 700AD 15004D 1B00AD 1900AD 19454D 1975AD 2000AD 2025AD

Figure 10. Timeline of sources used in Stadestér’s internal models (3000BC-2025AD).

Naturally, a particular issue was the scarcity of sourcing prior to 1800AD, with the number of
cities (not accounting for peri-urban settlements) between 1800AD-2025AD accounting for
92,22% of the total dataset (n=33421), with the only 2.820 cities having unique records prior to
1800AD, the majority of which originated from Chandler, Modelski, Reba et al., Buringh, and
de Vries. The share of records equally drops from n=1342961 after 1800AD to n=52783 (3,91%).

Ironically, the number of cities in Stadestér-GHSL also drops assiduously in 1975AD as the
definition of a city changes, falling from n=~14922 to n=8691, as all other databases, and
particularly Populstat are overridden by GHSL (note that this drop does not occur in the set of
merged Stadestér urban rasters). This is in part due to density thresholds being introduced to
define cities, which work relatively poorly unless adjusted by country, but are applied
indiscriminately by GHSL/Degurba, resulting in a dearth of cities in countries where cars are
widespread [60][61].



Apart from GHSL and Reba et al., remaining sources were already geolocated and came as CSV
files which could be easily parsed [62][63]. GHSL city areas were processed in QGIS to convert
from Mollweide to WGS84 Equirectangular, before their GeoJSON files were spit out before
being fed into a MultiPolygon scanline process, with their ID fields (ID_UC_G0) being
converted to 32-bit RGBA, where each pixel’s decoded value is merely n = 16777216r +
655369 + 256b + a .

For cities small enough that a single pixel had not been written to the raster, a pixel was placed
at their polygon centroid to represent that GHSL city. In GIS and raster processing, a centroid
is typically analogous with the pole of inaccessibility, rather than a weighted centre of gravity,

and this term is used interchangeably (unlike in geometry) [64][65].

GHS-POP rasters were separately from its 5-year resolution timespan between 1975-2025 (1975,
1980, 1985, 1990, 1995, 2000, 2005, 2010, 2015, 2020, 2025) via a keyframe approach, whereby in-
between years used the spatial distribution of the previous keyframe scaled to the global

population for that year [66].

The urban extents taken previously from GHSL-UCDB were used as masks for each urban
centre, geolocated, and well-formed JSON objects with populations per year inferred from the
intersection of GHS-POP and GHSL-UCDB rasters.

Data Preparation

Unfortunately, Reba et al. contained a multitude of errors which prevented us from using it
without alteration. Part of this was due to semantic transcoding - Birmingham, UK, for
example, was swapped with Birmingham, Alabama, and certain data fluctuations had to be
normalised. An automated flagging process was implemented, whereby growth rates > +/-25%

in a single year were flagged for manual review.

A number of corrections for the Reba dataset were issued as follows:

City Name Year(s) Action Taken  Rep. Val. Error
(1000s)

Aleppo, Syria 1300AD Key deleted N/A Stray zero value

Alexandria, Egypt 361AD, 365AD Key for 365AD  N/A Erroneous date for Alexandrian
moved to 361AD earthquake

Algiers, Algeria  1925AD Changed pop. 222 Order of magnitude clerical

error

Algiers, Algeria  All Changed country N/A Algiers was stated to be a city-

to Algeria state

Augsburg, All Changed N/A Spelled as ‘Augsberg’



Germany
Birmingham,
United States
Delhi, India
Delhi, India
Delhi, India

Fez, Morocco

Goa, India

Izmail, Ukraine

Lahore, Pakistan

Lahore, Pakistan

Lahore, Pakistan

Lahore, Pakistan

Nanjing, China
Nanjing, China

Palermo, Italy

Philadelphia,
United States
Skopje,
Macedonia

Srirangapatna,
India

Srirangapatna,
India

Thilisi, Georgia

All

1375AD

1398AD

1596AD

1800AD

1510AD

All

1600AD

1622AD

1627AD

1631AD

1970AD

2000AD

1150AD

1914AD

All

1780AD

1799AD

1100AD

spelling to

‘Augsburg’

Swapped with  N/A
Birmingham, UK
Changed pop. 200
Changed pop. 25
Changed pop. 80
Changed pop. 60
Key deleted N/A
Changed country N/A
to Ukraine

Changed pop. 200
Changed pop. 250
Changed pop. 255
Changed pop. 284
Changed pop.  2.000
Changed pop.  5.448,9
Changed pop. 125
Changed pop. 1.750
Changed country N/A
to Macedonia
Changed pop. 30
Changed pop. 50
Key deleted N/A

Accidentally swapped with
Birmingham, UK

Order of magnitude clerical
error

Tamurlane sacking Delhi dated
to 1450AD

Order of magnitude clerical
error

Population randomly drops
42,8% in 1 year

Population randomly drops 40%
due to the Portuguese conquest.
No known source affirms this'’.

Supposedly part of Romania

Population randomly drops
from 300.000 (1590AD) to 34.000
(1600AD)

Population of Lahore allegedly
rebounds from 34.000 to 500.000
See previous entry

Supposedly crashes again from
500.000 (1627AD) to 84.000
(1631AD)

Supposed population just
200.000

Supposed population of 1,2M in
2000AD

Supposedly had 125 people,
even though pop. was estimated
at ~150.000 [68]

Order of magnitude clerical
error

Skopje supposedly in Serbia

Figure of 150.000 comes from
Buchanan, but given the city
was 60,7ha, it defies belief
[691[70]

See previous entry

Stray zero value



Tokyo, Japan 2000AD Key deleted N/A Population suddenly declines
from 23M in 1975AD to 8,13

Figure 11. List of manual corrections issued for Reba (361AD-2000AD).

Although this process was certainly not rigorous, it is likely to have dealt with some of the more
egregious values present in Reba et al for the time being. It is likely that many of the values will
have to be systematically reappraised and reassessed in future versions, since Chandler and

Modelski’s estimates are known to have been exceptionally liberal and crude [71][72].

Geolocation

Much else can be learned from the dataset provided by Reba et al., namely the lesson of
attrition via poor geolocation - an initial 10% of cities were removed for having no location,
after which an additional 25% were ‘cities where geolocations are suspect’ (leaving just 67,5%

of the original dataset).

To avoid such problems in our own collection of cities, a multi-stage fallback system was
implemented using Selenium/Puppeteer, Google Maps, Google Places API, and
OSM/Nominatim, with manual copychecking and coordinate assignment to catch any cases
that fell through [73][74][75][76][77]. This approach was principally applied to Populstat data,
which to our knowledge has not been geolocated by any extant projects, except in extremely
limited cases, such as that of Brazil and a selected subset of national capitals from 1872AD-
2007AD [78].

The complete set of names for each city was iterated over until latitude and longitude
coordinates could be established. In many cases, our Selenium/Puppeteer agent proved only
semi-reliable, and so its fetched coordinates were double-checked with the Google Places API.
In all, this geolocation process took 24 days from start to finish on a high-end consumer

workstation over n=23.619 cities, though we did not multithread or distribute our work.

Manual fixes were issued for Bristol and Washington, D.C. for Populstat, although this appears
to have been the extent of geolocation errors, which we estimate to occupy ~0,008-0,1% of the
geolocated set. Datasets which already came with coordinate pairings were not re-geolocated,

though this may have caused some aspects of proximity merging to have suffered.

Data Merging

Merging in Stadestér was primarily done on a proximity threshold, with semantic matches

altering the proximity threshold needed to qualify for a city to be merged into another. This is



of course, a subset, or weak implementation of distance-based clustering [79]. This was applied

over the set of all cities as follows:

Let C = {c; C,,..., cy} be the set of cities in all datasets, where each city {x;, y;} € ¢; and
name(c;) € c;, where:
sem(c;, ¢;) = {1if name(c;) = name(c;) V name(c;) c name(c;), 0 otherwise | sem(c;, ¢;)
defines a semantic match,
T'(ciy ¢j) = {Tsem if sem(c;, ;) = 1, T otherwise; where T is the base proximity threshold,
T' is the adjusted threshold for semantic matches, and Tg,,, # T.
Then for each city c;,
Let M; = {c; € C\ {c;} : d(c;,¢;) < T'(c;,c;)} be the list of candidate cities such that
¢, =arg mingem,d(c;, ¢;),

¢ = mergePop(c;, ;).

Definition 4. Given multiple datasets such that the universal set of cities C may contain

redundancies, merge the populations of duplicate cities until V¢; = (M; = 0).

Differences in distance between points (x4, y1), (X3, y,) was merely Euclidean in terms of

degrees, such that d;q; = x; — x;,djg = ¥; — yi, and d(c;, ¢j) = /dlatz + dlngz. Whether a

semantic match was detected depended entirely on either an exact name match or substring
match in the case of data merging, with the closest city favoured for matching cities to be
merged into. This may be ill-fitted when it comes to geodesic distances, but as threshold

distances are typically infinitesimal, this was not generally viewed as a concern [80].

Proximity thresholds were encoded thus:
- Buringh: T = 0,05; Tgep, = 1
- Chandler-Modelski: T = 0,1; Tsepy, =1
- deVries: T =0,1; Tserp, =1

A generalised merge population function was defined as being an extension of the weak
geometric mean, such that mergePop(c;, ¢;) = WGM (Population(c;) U Population(c;)). In any
case, preliminary values would be divided by a metro-adjustment geomean scalar based on the
weighted set of discrepancies between conventional populations and metro populations if a
dataset was flagged as having metropolitan figures. Only Chandler, Modelski, and Reba et al.
met this criteria. Those datasets whose coordinates had less significant figures were assigned
larger proximity thresholds.

The order of precedence for data merging was principally Populstat > Chandler/Modelski > de

Vries > Buringh.



Metro Adjustment

Metro adjustment has previously been performed to avoid double counting both agglomerative
and urban populations, though these methods appear to have varied widely and were reliant
on uniform hierarchical data, where synthetic/administrative nth-level subdivisions were
capable of covering the entirety of a national jurisdiction [81][82]. Given that Stadestér contains
both mixed historic and modern data, such approaches would quickly become infeasible the

further back in time one went.

After duplicate keys were removed, the metropole was generally determined from encoded
is_agglomeration_of (for dependent cities) and (agglomeration) substrings contained
within each city’s name. Metro cities were determined by an exact
match/substring/Levenshtein distance scoring system within a list of candidate cities which
were determined by their Haversine distance and population observations such that
|Population(c;)| < |Population(c;)| A dpaversine (X1, i}, {xi, ¥{}) < 250, where the Haversine

distance is given in kilometres.

Certainly it is intuitive that cities with a greater number of population observations should
generally be more important or serve as the metropole for nearby smaller settlements [83][84],
as it follows a well-known curvilinear relationship between an object’s sample-size and its

weighting [85], even if this was not applied in a purely rank-ordinal sense.

Once suburbs were mapped onto their respective metropoles, there needed to be a reliable
method of adjustment of population for each year, especially given the prevalence of mixed
data. This was accomplished by subtracting the populations of each suburb from their
metropole, and proportionally redistributing any negative remainders back to the suburbs.
Because the sum of all suburbs and their metropole form a closed system, any proportional
negative remainder is guaranteed to be less than the population of an individual suburb, where

our formulation as follows:

Given a metropole c,, and a set of suburbs s = {s; s,,..., 5}, where each city has a population
Population(cy,), Population(s;) for j = 1,..., k, where:
{¢m,S1,--., Sk} forms a closed system Population(c,,) + Zle Population(s;) = XPop,
where ), Pop is a constant.
Let R = Population(c,,) — Zle Population(s;),

Population(sj)

If R < 0: Vsj(Population(s;) := Population(s;) — )|R|, where

Z{-"’zl Population(s;)
Population(sj)

a; =
] Z{-‘zl Population(s;)

Z}czlaj =1A |R| = Zlealel'
Where for Vs;(a;|R| < Population(s)) -
Population(sj)

| Population’(s;) = Population(s;) — a;|R|, since

aj|R| = |R| < Population(s;) & |R| < Z{-‘=1Population(si).

Z{-‘zl Population(s;)



By construction (R = Population(c,,) — Z;‘zlPopulation(sj) <0=>
k
|R| = z Population(s;) — Population(cy,)) A (Population(c,,) > 0, |R|
=1

k
< z Population(s;)
j=1
~ Vj(aj|R| < Population(s;) .

Definition 5. Assuming a set of suburbs s attached to a metropole c,,, subtract XPop from
Population(c,,) and proportionally redistribute any negative remainder R such that R = 0, and

all suburbs have a positive population.

Certainly this is a very similar problem to overlapping geometries in areal weighting as seen in
earlier case examples, though the difference is primarily that metros and their suburbs are
typically represented as points in historic data, meaning that they are represented as a directed
graph rather than nested geometries whose administrative levels may differ [86][87]. As such,

analogous methods may be extended to a more generally applicable solution.

Naturally, one would prefer dasymetric mapping to buffer out populations contained in point
data, but as we do not have complete built-up extents, we have decided to settle for point
kriging-based areal interpolation methods based upon our substrata layers, from which we can
infer land use and geography of gridcells surrounding a centre point [88][89]. It is equally
possible to scan historical maps to form vector geometries of the extents of built-up areas in

the past, though we have not done so [90].

Since it can be demonstrated that the end population of such a mixed data system can never
exceed the population of its metropolitan area (in which case negatives are ‘carried’ to
suburbs), and does not significantly undershoot it either, such an approach can only lead to
generalised improvements in accuracy by removing double-counted populations, although it is

significantly lossy when it comes to discrete city populations individually.

This approach compares favourably against both GHSL and Reba et al at the macro-level
(Figure 25). Since not everyone may agree with this approach, and it can result in data noise at
the micro-level (Figure 38), we provide both non-metro adjusted and metro-adjusted versions
of our dataset for end users, particularly for those looking at the histories of individual cities.

We define the production of this hybrid land use and resultant rural population map more

strictly in our sections on ALCC Fallback Modelling/Substrata Modelling.



Adjusting for mixed city proper, suburban, and metropolitan
populations
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Figure 12. 3-step schematic view of how mixed population figures were adjusted for

agglomerative effects within Stadestér.

Given that solutions such as manual disaggregation of urban data were unworkable due to
scaling issues, and extant solutions for modern gridded datasets involve area-based solutions
where the boundaries of cities and subdivisions are clearly defined in a hierarchical manner,
this was the best compromise method that we could envision to regularise mixed data. In
addition, whether or not cities were counted as metropolitan was defined by the encoding of
the datasets merged - Populstat routinely assesses whether a city’s figures are likely to be
reflective of its agglomeration, for example.

The main purpose in removing double-counting as we saw it was to improve the fidelity of
gridded urban data that could then be used to inform future models as well as the production
of raster series (i.e. Stadestér Global, Stadestér Urban, Stadestér Rural) which represent
gridded total populations, gridded urban populations, and gridded rural populations

respectively.



Population Buffering

Radial population buffering from city centres:

)?' -~ Final output raster for target year

= W. Europe & East Asia: if 21945: y = 4 + 0,5 ™
_— if <1945 5 4™

Polycentric annular buffering for cities larger than 1 gridcell,
additive outside city centres

City centre populations overlaid

Percentage scalars calculated per gridcell

Substrata map calculated using land use/coasts/corrected HYDE
population

Figure 13. Sample visualisation of region-specific annular buffering over a large urban area

(Paris and the Grande Couronne).

The annular/radial population buffering model utilised in Stadestér 1.0 is primarily an
extended Burgess model factoring in both land use, potential population distribution (from
dasymetric mapping) and geographic stocks [91]. Density and resultant population is calculated
per annular ring. The density between each ring functions entirely as a probability density
function as measured from the urban centre, and is thus capable of representing both
industrial and preindustrial cities [92][93]. Furthermore, such annular buffers are additive,

meaning that they are capable of representing polycentric cities [94].

Of course, since annular rings were being evaluated over a gridmap, this required fractional
interpolation for pixels which were only partly inside of an annulus [95]. A density model was
cobbled together from Bairoch, Paiscuti and Chase-Dunn, Angel, Stanilov and Sykora, and

most notably Clark’s research on urban density and walkability and ease of transport.

Such models were only developed for the period between 1800AD-1991AD, with the expectation
that we could perform out-of-model forecasting for the period between 1975AD-2000AD, when
GHSL data becomes available, as well as over the Global 30, for which well-formed historical

data was present'.

Global Density from 1800-1815AD: ~175-190/ha [28]




Much of the global-level data during this time period comes from Bairoch’s Cities and economic
development, as well as Angel 2010. It is also during this period that city densities become near
perfectly Zipfian by country, as seen in a case example of Great Britain [90]. Prior to 1800,

density ranks are believed to have been log-normal [96][97].

We considered utilising estimated regional population density from HYDE/substrata models to
inform estimates of population density for each urban area using a raster buffering technique,

but we ultimately decided against it.

Clark provides the radial function y = Ae~?* for estimating urban density, where x is the
distance in km from the centre of the city, and y is the density of the resident population at the
centre of the city in thousands per km~2. 4 is the density of the resident population at the

centre of the city, and b is effectively that of the degree of public transport available [98].

That information was not entirely useful to us, since we sought to inform our radial spread
estimates using only two parameters: urban density of a city, and its population. The data that

we took to inform our estimates came primarily from Angel’s Atlas of Urban Expansion (2016).
Area/Density Calculations
We mainly assumed a base model as follows: darea = 1,27(4population), R~2 = 0,969 between

1900-2000; ihb/ha = —130In(x) + 634, R~2 =0,99; where x was the density ordinal of a city
globally. [99][Xu et al].

Given that the sample size used in the original equation was n=120, and the mean density
128ihb/ha, the generalisable version of city centre density should be:

y = 130In(*L2
= density rank-ordinal of a city globally.

)+ d + 506, where d = mean global density, n = total sample size, and x

The initial area baseline was to be calculated by dividing the population in 1800AD by 182,5 to
fetch the total number of hectares, with the area to be iteratively calculated per city first before
fetching a city’s ihb/ha.

Radial Spread Calculations

Implied population densities were taken from modelled area and cubic spline interpolated
population values to establish rank ordinals to inform imputed city centre densities prior to
calculating cities’ ihb/ha, whereby A was the city centre density previous, and b was informed
by the walkability ratio present in Angel’s various world regions using a strong geometric mean
(SGM). Parameter b is further expounded upon by Newling [101].


https://sci-hub.se/https:/www.sciencedirect.com/science/article/abs/pii/S0169204618313379

Immediately prior, we standardised walkability ratios by taking the value such that WR,,, =
SWRyear
IWR|

1 — max( ), where WR represents a walkability ratio time-series for a specific world

region, and 1800 < year < 2000. Base walkability ratios were specified as follows for the
Global 30:

City/Region S1Year:Value S2 Year:Value S3Year:Value S4 Year:Value S5 Year:Value
W. EU & JP

London 1800:1,6 1880:1,9 1929:1,6 1955:1,7 1989:1,7
Moscow 1800:1,7 1893:1,6 1939:1,6 1957:1,6 1991:2,1
Paris 1800:1,5 1900:1,6 1928:1,6 1955:1,8 1987:1,6
Tokyo 1800:1,4 1892:1,4 1929:1,5 1954:1,6 1990:1,4
Warsaw 1800:1,6 1888:1,6 1936:1,6 1958:1,5 1992:1,6
E. Asia

Bangkok 1800:1,5 1900:1,6 1922:1,7 1953:1,5 1988:2,0
Beijing 1800:1,5 1900:1,4 1929:1,6 1959:1,7 1988:1,8
Kolkata 1800:1,4 1883:1,7 1931:1,8 1961:1,6 1990:1,6
Manila 1800:1,4 1898:1,5 1945:1,7 1971:1,6 1990:1,7
Mumbai 1800:1,5 1909:1,6 1931:1,5 1968:1,5 1991:1,8
Shanghai 1800:1,4 1902:1,5 1944:1,4 1973:1,8 1991:1,7
MENA

Algiers 1800;1,4 1903:1,6 1929:1,9 1972:1,7 1987:1,7
Cairo 1800:1,5 1897:1,6 1927:1,6 1960:1,6 1992:1,7
Istanbul 1800:1,6 1899:1,8 1934:1,8 1960:1,7 1990:2,0
Jeddah 1800:1,9 1900:1,7 1925:1,5 1964:1,6 1990:1,7
Kuwait City 1800:1,6 1900:2,1 1922:1,8 1963:2,0 1990:2,1
Tehran 1800:1,5 1899:1,4 1925:1,5 1956:1,6 1987:2,0
Tel Aviv 1800:1,4 1917:1,4 1929:1,5 1956:1,6 1987:2,0
Africa

Accra 1800:1,6 1903:1,6 1929:1,8 1956:1,5 1991:1,7
Johannesburg 1800:1,5 1900:1,7 1938:1,6 1957:1,7 1990:2,3
Lagos 1800:1,4 1900:1,6 1920:1,6 1962:1,8 1984:1,8
Nairobi 1800:2,0 1906:1,6 1926:1,5 1964:1,5 1988:1,6
Lat Am.

Buenos Aires  1800:1,3 1887:1,4 1918:1,4 1964:1,5 1989:1,6
Guatemala 1800:1,5 1900:1,4 1936:1,6 1976:1,7 1990:1,9
Mexico City 1800:1,4 1886:1,4 1929:1,5 1970:1,7 1990:1,7
Santiago 1800:1,4 1900:1,5 1930:1,5 1970:1,7 1990:2,0
Sao Paulo 1800:1,5 1905:1,6 1929:1,7 1974:1,7 1988:1,7

LRDC



Chicago 1800:1,5 1893:1,5 1945:1,6 1967:1,4 1989:1,7
Los Angeles 1800:1,7 1907:1,4 1937:1,7 1970:1,8 1990:2,0
Sydney 1800:1,5 1895:1,7 1945:1,8 1975:1,7 1991:1,8

Figure 14. Table of walkability ratios for the Global 30, where higher figures are worse. Base

figures were then processed and inverted prior to annular density calculation.
The World Postwar (1945AD-1975AD)

In the postwar world, the urban regions of the globe can largely be collapsed into five
categories: Anglo-Settler Colonies, Western Europe and East Asia, the Socialist World, and that
of the Global South, as urban patterns increasingly diverged between them. Much of the data
here comes from Pénzes et al. in addition to Stanilov and Sykora and Bertaud [102][103]. Clark
variant equations were derived from best fit integrations between Clark and observed density

dropoff formulas provided by Pénzes et al, Angel, and Guterbock.

Anglo-Settler Colonies
Modified Clark: y = xe~%067%

Note that because this is prior to 1975AD, ‘Anglo-Settler Colonies’ included those countries
under white minority rule in Sub-Saharan Africa, i.e. modern-day South Africa and Zimbabwe
(Rhodesia), which often followed an American style of urban planning complete with
residential segregation and suburbanisation [104]. Starting in the 1980s, its general

applicability in South Africa and Zimbabwe are likely to have waned [105].

The negative exponential density-distance function applicable to Anglo-Settler colonies is
attested to by Guterbock, with density peaking outside the city centre crater. Whilst Guterbock
defended Clark’s Law, it is clear that the contribution of b (walkability) gradually converged to
be close to zero in such cities (declining from b=0,326 in 1940 to b=0,133 by 1990), and we have
thus excluded it from the equation [106].

Western Europe and East Asia
Modified Clark: y = A(x + 0,5)e 0%

Certainly of the density in Western Europe and East Asia remained stagnant during this period,
with urban metropoles retaining much of their initial density, despite limited amounts of
suburbanisation in the immediate aftermath of World War II [107][108][109][110].

Socialist World

Modified Clark: y = 1

1+e4—(x— 1,8)




Urbanisation in the socialist world was given by ‘spatial chaos’ until the large-scale takeover of
Soviet-style central planning, which focused many cities and so-called ‘monotowns’ onto heavy
industry, with large-scale concrete prefab developments constructed to serve as housing
[111][112].

This of course led to an inverse logistic curve in which the density dropoff was very sharp, as
socialist microdistricts often surrounded an inner ‘old city’ [113][114][115]. To what extent there
was a small city centre crater has not been generally quantified and hunting about for

literature on the (post)socialist city is an exhausting business.

In any case, we thought its exclusion would not skew our dataset since our resolution at 5
arcminutes is quite large, and the development of socialist cities were generally constrained

until the 1970s and 1980s, during which time we have good satellite data in any case [116]".

Like in Anglo-Settler colonies, whether or not a city was walkable was entirely irrelevant:
central planners imposed urban development from above, and haphazard housing often
sprung up as infill, whether in the form of the dachas of the core republics of the Soviet Union,
or informal settlements/mahalale between the ‘canyons’ of many systematised buildings in
Romania [117][118].

Global South
Modified Clark: y = Ae~P*

No such modification was needed for the rapidly urbanising cities of the Global South, to which
Clark’s law applied handily [119][120]. Certainly in the context of the Cold War, it deserved to

be a separate category, since development there is quite organic [121].

These models were truncated and replaced with GHSL satellite data starting from 1975AD
onwards, although we also performed out-of-model forecasting between 1975-2000AD in an
attempt to verify the applicability of the sort of radial buffering seen above (Testing and
Validation).

ALCC Fallback Modelling

At this point, one required a potential population model at a global scale on which the annular
buffering process aforementioned could be reliably performed. These substrata maps
generally consist of a dual-model approach - a Velkscala 0.7 primary model, and a KK10/LUH2
secondary model that served as a fallback. In both cases, we sought to address the
underrepresentation of rural population, which is generally believed to range from -53% to -
84% in most gridded datasets [122].



To this end, Velkscala 0.7 underwent peri-urban upweighting by a factor of 2, and both the
KK10/LUH2 fallback model and Velkscala 0.7 were systematically scaled to global population.
In addition, ALCC models generally have a maximum population ceiling to downweight urban
population, since gridcells cannot exceed more than 100% of their land cover being utilised for
anthropogenic purposes [123]. Because all stocks were anthropogenic for each dataset, we took
the liberty of adding them up to fetch the total fraction of each gridcell under anthropogenic

land use. The stocks of each dataset were divided as follows:

Land Use Harmonization 2 (LUH2) [124]:
e c3ann | C3annual crops
e c3nfx | C3nitrogen-fixing crops
e c3per | C3 perennial crops
e c4dann | C4 annual crops
e c4per | C4 perennial crops
e pasture | Managed pasture
e urban | Urban land use
Kaplan and Krumhardt 2010 (KK10) [125]:

e Fraction of gridcell under anthropogenic land use

Where both datasets intersected (900AD-1850AD), we took the additive mean of both datasets
per gridcell as being representative of anthropogenic land use, multiplying it by estimates of
regional and world population.

Middle America

W. South America

. Southem America

Figure 15. Chloropleth map of world regions as defined by Nelson.

We used the world regions as developed by Nelson in the Historical Atlas of the Eight Billion to
perform regional scaling prior to world population scaling such that populations were

generally representative, if not at a granular level [16].



After being regionally and globally scaled, KK10/LUHZ2 rasters were produced for all
intersecting HYDE years to serve as its principal fallback.

Substrata Modelling

The main sources which we utilised to produce long-run estimates of global population should
be given some mention here. They were Woytinski and Woytinski 1950, Winkler-Prins 1950,
Clark 1967 (lower), Clark 1967 (upper), Tuve 1970, Winkler-Prins 1970, McEvedy and Jones
1978, Durand 1974 (lower), Durand 1974 (upper), Durand 1977 (lower), Durand 1977 (upper),
McEvedy and Jones 1978, Biraben 1980, Richards 1980, Bogue 1985, Merrick et al. 1986, Eric
1987, Grigg 1987, Demeny 1988, Stern K. 1990, United Nations 1990, WRI 1990, Kapitsa 1997,
Kremer 1993, Klein Goldewijk and Battjes 1995, Maddison 2001, PRB 1973-2016, HYDE 2010-
2020, UN 2015, UN 2019-2024, US Census Bureau 2017, Macrotrends 2025, and Gapminder, in
order of appearance [126][127][128][129][130][131][132][133][134][135][136][137][138][139]
[140][141][142][143][144][145][146][147][148][149][150][151][152].

In the case of Macrotrends, it was mainly used to plug population estimates from 2023-2025AD,
since such data is very recent, and is thus typically estimated by contemporary data sources
prior to any formal publications. Strong geometric means were utilised to average between the
sources cited above. This had not been used for city populations, since there were much fewer
estimates for population datapoints between them, and they disagreed more heavily, whilst

global population estimates seemingly agree in general on overall figures [153].

Moore Neighbourhood Outlier Removal / KK10LUH2 Methodology

Where KK10LUH2 is the fallback model
as follows:

If so, use a pixel from the KK10/LUH2
fallback model instead

e ——

Does the centre pixel violate a threshold?

KK10LUHZ, j, if Mimoare(i, /) = threshold

Ay = ;
b A otherwise

ex. threshold = 8, A_i,j = 992.061 — set A_i,j to equivalent

grideell in fallback raster

Compute average of adjacent cells:

Muoore(i,J) = %E?fg_l Z;::,] Ay | ex. M_moore = 73.051

Figure 16. Moore neighbourhood outlier removal.



Since KK10/LUH2 served as our principal fallback model, the task now fell to us to determine
when to use it after we had calibrated Velkscala 0.7 to regional and global population estimates
in the same manner. For this, we performed a first pass utilising Moore’s neighbourhood with
a threshold of 8 to detect and remove stray pixels. Flagged pixels were replaced with their

corresponding population values in the underlying KK10/LUH2 raster.

Whilst this approach is common for geospatial outlier detection in semiconductor
manufacturing (where it is known as GDBC/GDBN), it does not appear to be as common in
statistics, even though it effectively performs edge/stray pixel detection and is cheap to
compute [154][155]. It would appear to us to be a natural exaptation of the fact that Moore
neighbourhood analysis is relatively robust when it comes to edge detection, such that fine
tuning filtering/threshold algorithms would reliably flag any localised artefacts or stray pixels

which appear in gridded data [156].
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Figure 17. Map of masked HYDE3.2/3.3 outliers.

After first-pass outlier removal, a second pass had to be made to replace HYDE3.2/3.3 regions -
now inherited by Velkscala 0.7 - in which population distributions simply appeared either
incongruous with the historical record or implausible. In some cases, such as that of the pre-
Columbian United States, we were forced to leave such artefacting issues alone since their
replacement would have required specialised regional modelling beyond even the scope of our
KK10/LUH2 fallback - neither HYDE nor ALCC climate models were up to this task [157].

We certainly hope to establish a better model of sedentary and non-sedentary populations in
Northern America and Siberia at some later date, since these regions remain under-modelled
relative to other areas prior to 1500AD [158][159][160]. Manual masks were encoded for second-

pass outlier removal, in which entire regions were replaced by underlying KK10/LUH2 rasters



for problematic years'.

Regional Outlier Start Date End Date Replaced Notes

Athens 10000BC 1000BC Yes 2nd-pass replacement
Beirut, LB 10000BC 1000AD Yes 1st-pass replacement
Bhutan 10000BC 1500AD Yes 2nd-pass replacement
Canada 10000BC 1750AD Yes 2nd-pass replacement;

replaced by region-
specific modelling

Denmark 10000BC 1000BC Yes 2nd-pass replacement
Eastern CAR 10000BC 2025AD No Requires manual
correction®
Guatemala, Belize,  10000BC 1900AD Yes 2nd-pass replacement
and Quintana Roo
Hong Kong 10000BC 1850AD Yes 2nd-pass replacement
Milan, Naples; IT 10000BC 1000BC Yes 2nd-pass replacement
Paris, Pontoise; FR ~ 10000BC 1500AD Yes 1st-pass replacement
Russia 10000BC 1400AD Yes 2nd-pass replacement
Siberia 10000BC 1500AD Yes 2nd-pass replacement
St. Petersburg, RU 10000BC 1700AD Yes 2nd-pass replacement
United States 10000BC 1870AD Yes Replaced by region-
(Amerindigenous) specific modelling
Witwatersrand- 10000BC 1880AD Yes 2nd-pass replacement

Johannesburg, ZA

Figure 18. Table of spatiotemporal domains of manual outlier masks compared to all known
regional outliers for HYDE3.2/3.3.

Like with first-pass Moore neighbourhood outlier removal, the area covered by these masks
were replaced with pixel values from the underlying KK10/LUH2 fallback model. Final
substrata rasters were checked and confirmed to be self-consistent prior to calibration to

global population estimates, with errors from the geomean falling between 1-2%.

Satellite Data post-1975

Post-1975AD, we utilised GHS-POP data as scaled back up to global population, since
gdalwarp -r sum, which we utilised for downscaling and reprojecting GHS-POP rasters
from Mollweide (30-arcsec) to WGS84 Equirectangular (5-arcmin) was relatively lossy [161].
This truncation was done only for Stadestér-GHSL, and not Stadestér Base, both of which we
intended on keeping as intermediate lines prior to final raster processing.
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Figure 19. Rural discontinuity between HYDE and GHS-POP in the Australian Outback
(1974AD-1975AD).

In most cases, this break was discontinuous from HYDE was due to the abrupt change in how
rural populations were modelled in GHS-POP, which systematically underestimates the
prevalence of rural populations when compared to HYDE [162]. The number of populated
pixels between 1974AD-1975AD thus drops from 1.535.141 to 961.179, or a decline of n=573962
(37,39%). This is highly significant in raw area terms, but it is difficult to assess how this could
have been rectified without falling back to HYDE, which is overzealous when it comes to areal
coverage of modern rural populations, if not necessarily their quantity. Part of this overzealous
coverage is due to LandScan’s reliance on nighttime lights which are prone to blooming errors,

uninhabited roads, coastal fishing fleets, and natural gas flaring [163][164].

As always, the truth is likely to lie somewhere in the middle - the areal coverage provided by
GHSL is likely to be quite accurate, and HYDE’s assessment of modern rural populations is
likely to be somewhat more reliable than the persistent undercount present in GHSL. But we
certainly have not focused nearly as much on modern data as we have on the data of the past,
for the models there are plenty, and the models here are few.



Raster Processing

At this point, we looked upon our work, and saw that it was not good, for it had only included
urban data, and no part of the cohesive whole - namely that of non-urban and total populations
at an equivalent gridcell level. To address this, we first created hybrid urban rasters by
maintaining Stadestér Base cities for pixels in which GHSL had recorded a null value for urban

population, provided that the city had population entries persisting after 1975AD.

These new urban rasters were then overlaid on top of the rural substrata series earlier
generated)and calibrated to global population estimates previously listed to form global
population rasters over the long run. Finally, we subtracted urban values from these global
population rasters to form a series of peri-urban and rural population rasters. These raster

series are generally available as follows, encoded in 32-bit int format:

e Stadestér Population | . /output/stadester_population_rasters
e Stadestér Rural | . /output/stadester_rural_rasters
e Stadestér Urban | . /output/stadester_urban_rasters

These 32-bit int formats are analogous to single-year GeoTIFFs, flattened into PNG form such
that they are accessible from conventional raster image editors [165]. One might recall earlier

that we stated that Northern America would require specialised modelling and not mere outlier

removal.




Figure 20. Approximate choropleth map of Native American and First Nation population and
agricultural distribution in Northern America (10000BC-1600AD).

We thus commissioned a new internal model, Project Centaur, whose sole job it was to fix the
rather sorry state that Northern American population distributions had found itself in as a
result of botched outlier removal and KK10/LUH2’s various methodological shortcomings for
the region. Like all internal models, it and its corresponding input data is available as part of

Stadestér open-source code package.

Our main sources of region-specific estimates for this work came from McEvedy and Jones for
regional trends and presumed heavy agricultural zones, Nevle and Bird for our agricultural and
irrigation data, Williams, Driver and Massey, Milner and Chaplin, Dye, Swanson (who were
both used for estimations of the Hawaiian Islands), and Nelson for macro-regional population
trends [166][167][168][169][170][171].

These areal maps were then scaled over the rural substrata series previously mentioned over
data-specific time domains: roughly from 10000BC-1600AD on the North American continent,
and from 1100AD-1896AD on the Hawaiian Islands. We do not pretend this model is perfect: for
instance, much more detailed tribal estimates are available from the likes of Krzywicki and
Jones [172][173], as well as possible nation-by-nation spatiotemporal kriging of p3kl4c [174].
But that is principally a matter of regional demographics, not urban demographics, and so we

have thus declined its inclusion in this dataset'.

Finally, these rasters were scaled back up to global population estimates and post-processed. It
is worth mentioning that when we speak of rural populations, we mean only populations that
are non-urban in our dataset, and they may often include suburban, periurban, and exurban
settlements. Despite these changes, there still exists a 1974/1975 discontinuity due to a
seemingly arbitrary lower bound cut-off in GHS-POP of ~64ihb/gridcell, meaning that many

rural regions that fall beneath that density threshold are not included in our global raster.

It may also be that this is a consequence of rescaling GHS-POP back to global population
estimates from earlier to address failures in gdalwarp, but it should add up regardless, since it

is a top-down constrained model [175].
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Figure 21. Regional and global urban/rural/total populations as given by direct summation.

But just because GGWP, GRUMP, LandScan or GHS-POP (with perhaps the exception of
WorldPop) believe that no one lives on farms anymore in the modern day is no reason to

examine how our model performs historically [122].

Of course it must be noted that Stadestér’s gridded models of historical population are beyond
the scope of mere urban population, but existing datasets are so sparse and flawed that we
have had little choice but to release this dataset to serve as a stopgap. Despite the precision of
our figures, estimates of regional populations in the dim and distant past are inherently
uncertain, and they ought to be treated as such. Nonetheless, we believe our regional figures

are within a range of +/-25%.

The primary flaw in such data is mainly temporal - Stadestér’s urban data only extends as far
back as 3000-3700BC in a meaningful sense, and so the various populations of settlements such
as proto-cities and urban formations prior to that are not caught. Such populations have thus
been encoded as being ‘rural’ or ‘peri-urban’, even if these classifications are not entirely

accurate.



Region -3000-2000 -1000 1 500 1000 1500 1600 1700 1800 1900 2000

Northern 1,17 1,45 1,54 0,92 1,59 2,48 5,02 1,44 2,04 8,42 104,95 310,70
America

Latin 8,18 9,94 14,66 28,71 40,78 45,93 68,40 11,02 15,44 24,45 74,93 515,85
America

Europe 2,01 5,17 10,45 28,30 24,34 28,03 64,49 95,78 123,97 179,42 362,95 488,10

Eastern 2,18 2,54 4,20 10,57 8,53 9,48 16,72 18,50 24,73 47,86 118,84 232,50
Europe &
Russia

Middle 1,84 2,64 4,04 3,44 481 6,18 8,63 19,33 25,57 29,63 38,14 227,60
East

Maghreb- 4,43 7,63 11,89 17,25 21,11 22,59 19,86 28,09 31,71 33,97 46,84 251,23
Egypt

Sub- 1,78 2,84 5,46 10,39 13,82 9,92 14,13 13,68 13,15 13,08 27,50 144,22
Saharan

Africa

Central 1,99 2,92 4,69 8,16 11,22 19,17 32,82 59,16 77,28 77,33 99,60 663,41
Asia

Indian 0,26 0,25 0,31 0,50 0,48 0,37 0,61 0,53 0,71 0,85 7,34 27,09
Subcontin

ent

Southeast 9,78 21,63 41,17 39,52 56,49 81,03 142,33 158,78 220,58 252,64 324,38 1.220
Asia

EastAsia 0,81 1,79 3,37 5,20 6,82 13,22 21,32 24,27 31,24 39,37 90,64 526,03
Oceania 7,27 9,17 14,18 61,45 61,77 101,48 174,04 130,46 165,40 374,48 467,48 1.477

World 41,70 68,97 116,96 214,41 251,76 340,90 568,37 561,04 732,82 1.081 1.764 6.084

Figure 22. Table of regional and global population totals for selected benchmark years,

Millions.

It was extremely important for us to get these tables right, and not to be off because of some
dull coding error. In this regard, these figures come from internal verification procedures, and

the model was run several times to guarantee consistent results and reproducibility.

In particular, our rural substrata model was stored in a separate repository for organisational
purposes, as part of Velkscala 0.7, which is attached in the supplemental materials in the
appendix below. All best practices were followed in an attempt to avoid this issue: 1)
automating the generation of figures such that they could be repeatedly checked and to ensure
that figures were sensible, 2) stepping through code using LLMs to find and flag logic errors, 3)
publishing code as open-source Git repositories prior to submission, in addition to providing

CLI/UI tools for ensuring data reproducibility and easier visualisation [176].

It very well may be that this has not caught everything - databases such as ours are not static
projects, but long-term bits of work whose versioning is iterative and subject to revision. There

is every chance that this dataset will be updated in the time following its original submission.



In this case, the latest version is preferable, but the Velkscala 0.7/Stadestér 1.0 versions shall

always be available in the Releases section for use.

Of particular instability are some of the early Eastern European populations, whom it may be
argued to be overfitted to climactic modelling. In general, proxy modelling (either climactic or
based on genetic bottlenecking) appears to pose major problems for Russian populations, since
they overstate the number of inhabitants [177]. In our case, however, this came from
KK10/LUH2 overfitting, with much of the population hovering between 8-10M within the
modern Russian frontier (including all of Northern Asia under the UN geoscheme) based on

carrying capacity.

However, we also doubt the traditionally lowballed figures of Siberian population of ~270.000-
300.000 prior to the Russian conquest in the broadest sense (as given by Hartley or McEvedy)
[178], simply based off the fact that this would imply a population density on par with modern
day Greenland, and it is not as though the Danish state has encouraged the population growth
of that place in recent memory [179]. In fact, modern habitability is overwhelmingly defined by

economic and job prospects, and Greenland has little in the way of that.

But Siberia is not Eastern Greenland, and if even 7,5% of the estimated 4 million
contemporaneous Jurchens lived in Outer Manchuria, this would already exceed our
conservative population budget [180]. The Mongolians are traditionally stated as counting one
million at the time of the 1206 Kurultai [181], and 23,29% of their controlled area is believed to
have been north of the Mongol frontier [182].

Add up the Mongolians that lived in the southern steppes of Siberia, the Bashkirs, the Turkic
khanates, and the various native tribes of Siberia on top of that, and figures in the range of
150.000-300.000 for Northern Asia start looking less and less plausible. These are not
populations on the periphery, but within what is now Siberia/Northern Asia. If we accept the
300.000 figure, then the 3.000 Chukchi warriors (from arguably the least hospitable peninsula
in Siberia) assembled to fight Vladimir Atlasov at a single battle near Anadyrsk would have

represented a formidable 1-2% of the entire population of Siberia [183].

We therefore advise more cautious estimates of 900.000-1,2 million for the Siberian population
before the Russian conquest, but accept that specialised modelling for this region (apart from
roughly-fitted climate modelling) has not been implemented in Stadestér 1.0.

Region -3000-2000 -1000 1 500 1000 1500 1600 1700 1800 1900 2000

Northern 0,00 0,00 0,00 0,00 0,00 0,02 0,03 0,03 0,04 0,36 27,16 158,05
America

Latin 0,00 0,00 0,00 0,49 0,56 0,27 0,82 0,98 1,25 1,83 13,67 370,85
America

Europe 0,00 0,00 0,11 1,93 1,60 4,41 10,59 11,91 15,41 23,97 95,56 311,23



Eastern 0,00 0,00 0,00 0,00 0,00 0,47 1,25 1,07 1,52 3,04 13,71 146,68
Europe &
Russia

Middle 0,14 0,52 0,39 2,51 3,16 5,12 393 4,36 4,60 4,48 8,07 150,36
East

Maghreb- 0,00 0,05 0,45 1,77 1,01 1,41 2,38 2,39 2,19 2,15 4,22 78,73
Egypt
Sub- 0,00 0,00 0,00 0,00 0,00 0,19 0,59 1,00 1,19 1,29 3,15 213,41
Saharan
Africa

Central 0,00 0,05 0,01 0,3 0,44 0,73 1,16 1,20 1,28 1,17 3,09 95,29
Asia

Indian 0,00 0,02 0,00 0,47 0,54 1,22 3,72 4,97 581 8,29 16,31 401,78
Subcontin
ent

Southeast 0,00 0,00 0,00 0,00 0,00 0,33 0,84 1,21 1,27 1,85 4,51 223,58
Asia

EastAsia 0,00 0,00 0,19 2,70 2,75 4,74 6,23 7,12 9,08 11,84 25,55 685,83
Oceania 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,14 19,83

world 0,14 0,64 1,16 10,21 10,06 23,91 32,54 36,24 53,64 60,26 217,14 2.856

Figure 23. Table of regional and global urban populations for selected benchmark years,

Millions.

The urban population, unlike our rural populations are not modelled or estimated, but rather a
direct sum of the population of all cities at a given point in time. Unlike with Stadestér Base or
Stadestér-GHSL, urban rasters carry persistent population between both models as mentioned

earlier.

Particular notice should be given to where urban populations decline: in Latin America
between 500AD-1000AD (-51,79%), the Middle East from 2000BC-1000BC (-25%) and 1000AD-
1500AD (-23,24%), in the Maghreb and Egypt from 1AD-500AD (-42,94%), in the Indian
Subcontinent from 2000BC-1000BC (-100%). These of course, correlate with the Classic Maya
Collapse [184], Late Bronze Age urban declines [185], the Late Antique period [186][187], and
the fall of the Indus Valley civilisations [188], into which our constituent sources (particularly
Chandler and Modelski) likely placed great stock.

We are not members of such declinist schools when it comes to the population overall, but we
do believe that urban populations shrunk by some margin (even if not as dramatic as claimed
by Reba et al) during such periods. There are also some rounding errors present in the above
graph - Oceania’s urban population in 1800AD is recorded as being ~2.000 within the dataset
but is still <10.000, and therefore rounded down.

Region -3000-2000 -1000 1 500 1000 1500 1600 1700 1800 1900 2000



Northern 1,17 1,45 1,54 0,92 1,59 246 500 1,42 2,00 8,07 77,79 152,66
America

Latin 8,18 9,94 14,66 28,22 40,22 45,66 67,58 10,04 14,19 22,62 61,25 145,00
America

Europe 2,01 5,17 10,34 26,38 22,74 23,62 53,90 83,88 108,56 155,45 267,39 176,86

Eastern 2,18 2,54 4,20 10,57 8,53 9,01 15,47 17,43 23,21 44,82 105,13 85,82
Europe &
Russia

Middle 4,29 7,11 11,50 14,74 17,95 17,47 15,94 23,73 27,11 29,49 38,77 100,87
East

Maghreb- 1,78 2,79 5,01 8,62 12,80 8,51 11,75 11,28 10,96 10,93 23,29 65,49
Egypt

Sub- 1,84 2,59 4,03 3,10 4,37 5,45 7,47 18,12 24,29 28,46 35,05 132,31
Saharan

Africa

Central 1,99 2,92 4,69 8,16 11,22 18,98 32,23 58,15 76,09 76,04 96,45 450,00
Asia

Indian 9,78 21,61 41,17 39,05 55,95 79,81 138,61 153,81 214,77 244,35 308,07 818,52
Subcontin
ent

Southeast 0,81 1,79 3,37 5,20 6,82 12,88 20,49 23,05 29,97 37,52 86,13 302,45
Asia

EastAsia 7,27 9,17 14,00 58,75 59,02 96,74 167,80 123,34 156,32 362,64 441,93 791,54
Oceania 0,26 0,25 0,31 0,50 0,48 0,37 0,1 0,53 0,71 0,85 5,20 7,26

World 41,44 68,82 115,17 204,08 241,62 321,89 536,80 525,79 688,20 1.021 1.547 3.228

Figure 24. Table of regional and global rural and peri-urban populations for selected

benchmark years, Millions.

Finally, populations of non-urban populations were arrived at by simply subtracting urban
populations from the total populations. There is not a great deal of discrete modelling in this

regard, and our rural rasters explicitly also include peri-urban and exurban populations.

Because disaggregation of urban populations were limited in earlier years, particularly prior to
1800AD, it is often the case that boundaries between urban and rural at a 5-arcmin resolution
will be subtle if visible at all. Similar lossy effects can be seen in other gridded models at which

the higher resolution is some sort of raster abstraction [189].

Testing and Validation

Methodologies are naturally only as good as their testing and validation allow them to be, and
so we have opted to build our models in a way that makes cross-comparison useful in addition
to being able to perform out-of-model forecasting/sampling. Note that to avoid any potential

issues regarding land area/coastline imprecision or gaps between borders that might exist



[190][191], we simply binned values based off k-NN per pixel classifiers within a colourmap
[192].

There are only so many ways one can attempt an estimation of how ‘off’ a historical dataset is,
since there are only a limited set of ground truths and other scholarly estimates we can
compare against. Error calculations may be performed at the macro- (HYDE/Reba/UN/WPP),
meso- (GHSL/plausibility checking), and micro- level (Global 30 + aggregated literature reviews
for each city), all of which we promptly run through below before coming to conclusions on
final error margins.

Macro-Validation, Dataset Comparisons
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Figure 25. Centres of population comparison between GHSL, Stadestér, Mulligan and
Crampton, and Reba et al. over time (3000BC-2025AD).

Testing how much our urban dataset varies from those of respected historical and
contemporary estimates is certainly of great value, and is relatively routine in that sense [193].
Taking the distance between centres of population or gravity are the primary means by which
we have decided to compare not just differences in total populations, but also in urban
distribution between datasets.

Unfortunately, Reba is the only long-term global urban dataset with significant coverage prior
to 1800AD. We find in general that Stadestér Base’s distance couples relatively tightly with that



of Reba et al. (~220km to ~577km, or 1,1-2,8% as measured on the Earth’s great circle), with a

maximum separation at 1500AD of ~1.170km, although the urban centre of population is much

more stable prior to the Industrial Revolution than the trajectory plotted by Reba.

We do not believe this sort of anchoring can be explained by the Eurocentric biases introduced

by Buringh, since there is no sudden discontinuity upon the introduction of Buringh or De

Vries in 600AD and 1500AD respectively. There is a marked discontinuity between Stadestér
Base and Stadestér-GHSL post-1975, in which GHSL has a dearth of North American and Latin

American cities as previously covered due to density cutoffs.

Stadestér Base is on the other hand within (410km to 450km or ~2-2,2%, max = ~935km) as

calculated from the UNWPP’s urban centre of gravity between 1950AD and 2010AD [194]. By

contrast, GHSL has a discrepancy from the UNWPP’s centre of gravity by ~2.323,52km, or
11,60% as compared to Earth’s radius, and nearly six times that of the discrepancy between
Stadestér Base and the UNWPP despite one being a historical dataset, and the other being a

modern urban dataset.

A comparison to HYDE (which purports similar data) in terms of spatial distribution was not

made since its urban areas are decided by simply allocating urban populations to river valleys

before fading into modern built-up areas. This phenomenon may be independently visualised

at the HYDE portal [195].
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Stadestér (Base + GHSL) Logarithmic, n=41214 cities, 1394375 records (pop.)
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Figure 26. Raw totals of discrete city populations and sample size in Stadestér over time
compared to HYDE/UN estimates (3000BC-2025AD).

There are certainly weaknesses in our sample sizes for the deep past - prior to 700AD there are
only n=118 cities in Stadestér, mainly from Reba et al. The jump from n=118 to n=822 cities
between 600AD-700AD is mainly given by the introduction of Buringh (and later De Vries),
meaning the distribution of cities, no matter how discrete, takes on something of a Eurocentric

character until ~1800AD, when Populstat affords us a more granular picture.

At the moment, there is not much we can do about this, since historical demographers have
long neglected areas outside of Europe, and the fact that the ‘historical demography of Africa
and South Asia’ had effectively ‘plummeted in the 1990s’ does not lend itself to confidence
[196]. Nearly 40% of historical demography publications in the journal Population Studies since
1947 have been on the British Isles alone. The Eurocentric ratios of the other major journals of

demography are not much better [197].

What then, of Central Asia, the pre-Columbian Americas, Africa, East Asia, the Indian
Subcontinent, and other such centres of historical urbanism which we are keenly interested in?
They will have to wait. After all, there is much correcting to do with Chandler and Modelski’s
extant figures to begin with, and we could only ever feel confident in the proxy modelling of

other world regions after sourcing their estimates and disaggregating them [198].
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Figure 27. Percentage deviation between Stadestér-GHSL raw sums of city populations and
HYDE/UN estimates over time (3000BC-2025AD).

Stadestér’s sums of all city populations consistently deviate by only ~20-30% from HYDE/UN
estimations for the time period after 1AD without any calibration when speaking in an equal-

interval capacity, although relatively large outliers (from -1,13-86,15%) also exist prior to
antiquity.

However, because there are relatively few datapoints of this sort (n=4), overall margins of error
as compared to HYDE/UN estimations are fairly small (n=121; M=-17,4%; SD=13%). In log-
space, of course, Stadestér’s bottom-up estimates line up remarkably well with established top-
down ones that are in common circulation [199].

By comparison, current academic models (n=10) of urban land cover (typically based on
modern satellite or census data) display a relative mean deviation of 51,9% (CV=71%). [200].
Since urban land cover is tightly coupled to urban population models (especially in dasymetric
mapping and historical or hindcasted proxy models) as well as in verification, it is at some level
a representative proxy of what we believe about the size of urban populations themselves
[201][202][203].

Meso-Validation, Out-of-Sample Forecasting
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Figure 28. Centre of population comparison between GHSL and Stadestér Base for all world

regions (1975AD-2000AD).

Distance between Base and GHSL Regional Centres of Gravity (1975-2000)

Region

Northern America
Latin America
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Oceania

Indian Subcontinent
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East Asia

Figure 29. Euclidean distance between GHSL and Stadestér Base for all world regions (1975AD-

2000AD).

We also attempted an assessment for the variation in regional centres of population between

Stadestér Base and GHSL in terms of urban population. Average deviations between the two

models varied from a minimum 51,67km (Europe) to a maximum of 699,47km (Maghreb-

Egypt).

For all world regions, discrepancies were relatively tame but moderate (M = 214,23km; SD =

175,86km), with the obvious exception of the Maghreb and Egypt, for whom distances between



approximate centres of population diverge rather than converge (M = 699,47km; SD =

88,25km).

This is due to a westwards drift in the base model as compared to an eastwards drift (towards

Egypt and the Nile Delta) in GHSL, likely since the definitions of urban centres in Egypt in one

of our main constituent sources (Populstat) lists the definition of cities in Egypt as being

constant, i.e. ~40.000 inhabitants in 1986’, and many rural conurbations in the Nile Delta were

not counted as separate cities by administration [204].

Of course, it is important to keep in mind here the errors relative to the dimension of each

region as well. Percentages are the fraction of the value given as compared to the longest

geodesic line that fits within a given world region’s boundaries.

Region

Northern America

Latin America

Europe

Eastern Europe &

Russia
Central Asia

Middle East

Maghreb-Egypt
Sub-Saharan Africa

Oceania

Indian Subcontinent

Southeast Asia

Eastasia

World (Avg.)

Min.

Deviation

63,04
63,98
18,17
189,05

207,61
22,45
561,87
89,62
63,21
138,48
177,07
7,67
133,52

Max.
Deviation

258,77
411,14
77,74

267,33

448,36
91,82

830,42
364,87
219,37
203,40
323,15
305,78
316,85

Mean (% Error)

178,30 (2,13%)
220,00 (1,79%)
51,67 (0,84%)

207,66 (2,87%)

313,31 (9,03%)
51,28 (1,38%)

699,47 (13,49%)

211,97 (2,87%)
125,86 (1,10%)
162,55 (3,99%)
243,60 (3,29%)
105,13 (1,77%)
214,23 (3,80%)

SD (% Error)

58,95 (0,71%)
106,72 (0,87%)
14,97 (0,24%)
25,69 (0,36%)

63,46 (1,83%)
18,28 (0,49%)
88,25 (1,70%)
97,14 (1,32%)
48,96 (0,43%)
15,95 (0,39%)
40,10 (0,54%)
85,74 (1,44%)
175,86 (0,86%)

Longest
Geodesic

~8.359
~12.278
~6.120
~7.241

~3.470
~3.728
~5.185
~7.376
~11.395
~4.076
~7.404
~5.954
N/A

Figure 30. Comparisons of deviations between Stadestér-Base and Stadestér-GHSL by each

world region’s centre of population in kilometres.

Note. Longest geodesic figures are approximate and are the diagonal of the bounding box of

the largest contiguous geometry after per-pixel kNN-binning.

If we assume GHSL to be our ground truth model, then mean percentage errors for urban

population distributions between Stadestér Base and GHSL varied from 0,84% to a high of

13,49%. Since we derive most modern population estimates past 2000AD from GHSL, our base



population data diverges past 2000AD as data becomes scarcer and scarcer when not including
either GHS-POP or GHS-UCDB. Fortunately, our main Stadestér Urban raster series merges

both, and we therefore recommend its use for gridded population models.

Spatiotemporal Development / Global 30 (Stadestér Base - Stadestér-GHSL) 1pt = lihb

-

Figure 31. Comparisons of urban growth between Stadestér-Base and Stadestér-GHSL for the
Global 30, metro-adjusted (1800AD-2000AD). Population circle sizes come from final year data

for the metro-corrected version of Stadestér.
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Figure 32. Overlay comparisons of urban growth between Stadestér-Base and the Atlas of
Urban Expansion (1800AD-2014AD).

The exceptionally high number (n=41.214) of metropole, suburban, and peri-urban settlements
also allow us to carry out spatial expansion comparisons between 1800AD and 2000AD utilising
our population buffering model as discussed earlier. Overlay data for ground-truth
comparisons of urban expansion were extracted from the Atlas of Urban Expansion’s

Historical Data section [33].

Since spatial expansion is forecasted only based off the rural substrata rasters mentioned
previously in addition to population records starting in 1800AD, urban expansion data in
Stadestér between 1800-2000AD are by definition the results of a forecasted proxy model, and
we can therefore perform out-of-model sampling and cross-comparisons to the Global 30 as
defined by Angel, those cities being Accra, Algiers, Bangkok, Beijing, Buenos Aires, Cairo,
Chicago, Guatemala, Istanbul, Jeddah, Johannesburg, Kolkata, Kuwait, Lagos, London, Los
Angeles, Manila, Mexico, Moscow, Mumbai, Nairobi, Paris, Santiago, Sao Paulo, Shanghai,

Sydney, Tehran, Tel Aviv, Tokyo, and Warsaw.

No specialised data fitting was performed for this area/density model beyond what has already
been mentioned. In general, per-pixel visual results overlap tightly with the Atlas of Urban
Expansion (Figure 32), and data is of high enough fidelity to visualise global urban expansion
patterns. We provide the non-temporally dependent Jaccard indices of each city in Figure 38.
Tests of this type are also possible with urban hindcasted models, such as that of Li et al
(1870AD-2020AD/2100AD), but we have not performed such peer tests [30].

Top 120 cities by maximum area/density/population (no outliers removed, proxy model)
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Figure 33. Largest 120 cities globally by maximum area, density, and population, sorted by
world region (30000BC-2025AD).
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Of course, whilst the proxy model’s underlying area and density assumptions are tempered by

the underlying rural substrata in what it is allowed to do, as well as the polycentric nature of

Stadestér’s core population data, it would also be helpful to illustrate how it performs in terms

of area and density prediction.

There are major problems in defining urban density, and we specifically utilise modelled city

centre density here since it was a requirement for the Clark model (in ihb/ha). An obvious

problem that arises is that the differing definitions of urban density mean that there is no easy

way to cross-compare the accuracy of our proxies of it to some list of the densest cities in the
real world [205][206].

Mumbai also appears as a major outlier in terms of guesstimated area in our models, due

principally to its persistent exponential growth as a discrete city from 1800AD-2000AD as

compared to other metropoles which were often eventually disaggregated into constituent

polycentric suburbs.
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Hiroshima
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Shanghai (GHSL)
New York (GHSL)
Miami

New York (Base)
Bangkok
Quezon City
Kolkata
Nagoya
Seoul (GHSL)
Osaka
Buenos Aires
Beijing
Ghaziabad
Mexico City

City Centre Density, City Centre Density, Population

<1975, Base
Ghazni
Jiulong
Sikandarabad
Taxila
Kozhikode
Katowice
Banha
Wandsbek
Wetter

Essen
Salerno
Brussels
Stockton-on-Tees

Cannes
Burg
Birmingham
Lancaster
Zefat
Virovitica
Nagasaki
Cobh
Brighton
Holguin
Amarapura

>=1975, GHSL
Ar Rujum

Al Ma'azibah
Al Qal'ah
Jotsoma
Karora
Tiquisio

Al Jama'im
Sarvestan
Zahr al Husa
Al Ghawl
Natinga
Bangarmau
Bike

Lintou

Ath Thahirah
Inticho
Pingchang
Nimule

Ar Rawnah
N/A
Longshui
Aliganj
Toraghundi
Dianjiang

Shenzhen
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57
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61
62
63
64
65
66

Sao Paulo
Chicago (GHSL)
Jieyang
Houston
Suzhou
Johannesburg
Cairo (GHSL)
London
Toronto

Sao Paulo

San Jose
Melbourne

Hangzhou
Moscow (GHSL)
Tehran

Ho Chi Minh
Benin City
Paris

Sydney
Kozhikode
Kuala Lumpur
Chicago (Base)
Phoenix
Surabaya

Washington D.C.

Bytom
Nurnberg
Bar-le-Duc
Liverpool
Massa
Patna
Avallon
Elblag
Vitoria
Bayonne
Perth
Montreal

Fujieda
Akko
Brugges
Agadez
Braganca
Beograd
Huancavelica
Gilwice
Ensenada
Cacheu
Montceau
Lanzhou
Heidelberg

Rio de Janeiro (GHSL) Arbon-Rorsch

Istanbul
Kochi
Detroit

Dallas-Fort Worth

Colombo
Lagos
Shanghai (Base)
Denver
Moscow (Base)
Owerri

Seattle

Accra
Maharajganj
Riyadh
Onitsha
Chennai

Montbeliard
Suva

Le Creusot
Sebinkarahis
Chatham
Gardiz
Yarumal
Denain
Panama City
Ahmadnagar
Rostov
Vancouver
Krivodol
Wicklow
Oakland
Santos

Al Masaliyah
Dhupguri
Rongchang
Sareyn
Hechuan

Al Hudayyah
Neragyatanah
Adan Baraka
Bhola
Wusheng
Shehong
Kharameh

Togechane
Jalpaiguri
Bugama
Jingbian
N/A
Sikandra Rao
Hudur
Tulak
Xishui
Yuechi
Sandila
Derudeib
Bisalpur
Koohanjan
Gobindaganj
Mojiang Hani
Qaraziadin
Uige

El Hawata
Famenin
Garasse
Khail
Manakhah
Yingshan
Kebkabiya
Shahganj
Ghatampur
Jamame
Narus
Bishan

(GHSL)
Buenos Aires
Los Angeles
Kinshasa
Lagos

Luanda
Suzhou
Chennai

Lima

Jieyang
Bogota
London (GHSL)
Rio de Janeiro
(GHSL)
Hajipur
Taipei
Hyderabad
Tehran

Paris (GHSL)
Moscow (Base)
Shanghai (Base) |
Dar-es-Salaam
Bandung
Johannesburg
Chongqing
Kuala Lumpur
Wuhan
Nanjing
Riyadh
Ahmedabad
Nagoya
London (Base)
Kozhikode
Sao Paulo (Base) |
Tianjin

Addis Ababa
Chicago
Khartoum
Surat
Chengdu
Cairo (Base)
Alexandria
Baghdad
Hangzhou



67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

96

97

98

99

100
101
102
103
104
105
106
107
108
109

Montreal
Nanjing
Bengaluru
Bandung
Lima
Taipei
Khartoum
Luanda
Hanoi
Cairo (Base)
Dar es-Salaam
Lahore
Hyderabad
Tamluk
Ruhr
Chengdu
Portland
Phoenix
Dubai

Las Vegas
Karachi
Linyi
Tehran
Kampala
Durban
Quanzhou
Santiago
Seoul (Base)
Milan

Perth

San Diego
Wuhan

Rio de Janeiro (Base)

Sacramento
Philadelphia
Ponnani
Chicoutimi
Manchester
Orlando
Shenyang
Mumbai
London
Kollam

Mannheim
Jaunpur
Olesnica
Chorzow
San Marino
Ambala
Mortherwell
Qabis

Liege
Gallivare
Pila
Surgidero
Rapperswil
Zeila
Bogazzilyan
Puerto Wilch
Retalhuleu
Lille
Karachi
Bremen
Kalisz
Kogarh
Ahmadabad
Thionville
Caracas
Siegburg
Vancouver
Mexico City
Polonaruwa
Artemivsk

Kortrijk
Conde
Khiva

Saint Petersburg
Bridgetown
Dubrovnik
Kampala
Zary

Lens

Cazin
Shenyang
Aachen

Ait Melloul

Longquanyi
Krishnanagar
Filtu
Meshkan

Ad Darumah
Jais

Safipur
Shinkot
Shahrak
Al'Udayn
Shamsabad
Jalesar
Burka

Kavar

Nanxi

Al Mirqab
Seka

Hilat Ashat
Yenice

Bitou
Khayran
Pengshui
Nanbu
Hamero
Amber
Utraula
Lezhi
Buram
Meichuan
Bendaravadi

Daying

As Sayyid
Wegeda
Faridpur
Kibet
Siyana
Bhinga
Wereta
Kattapanna
Tongrim
Sahabad
Weixin
Chhibramau

Surabaya
Pune
Nairobi
Santiago
Abidjan
Amman
Luxor
Seoul (Base)
Kabul
Yangon
Shenyang
Mumbai (Base)
Accra
Beijing
Onitsha
Miami
Madrid
Faisalabad
Hefei
Toronto
Yaounde
Ruhr

Xi'an
Mashhad
Chicago
Paris (Base)
Lucknow
Kampala
Chattogram
Rio de Janeiro
(Base)
Zhengzhou
Singapore
Kano

Kochi
Hanoi
Kumasi
Rawalpindi
Saint Petersburg
Philadelphia
Jeddah
Hong Kong
Mogadishu
Colombo



110  Saint Petersburg Barauni Kangdong San Jose

111  Brisbane Shizuoka Soku Santo Domingo
112 Jeddah Johannesburg Hardoi Harbin

113  Cape Town Gorna Orjach Aleta Wendo Casablanca

114  Xi'an Kitakyushu Hargele Dubai

115  Baghdad Leuven Bolo Tokyo (Base)
116  Berlin Petrozavodsk El Afweyn Tianjin

117  Birmingham Anamoros Ed Al Fursan Douala

118  Monterrey Hurstville Tongjiang Kanpur

119 Madrid Tadjourah TJhenaidah Belo Horizonte
120  Yogyakarta Butiaba N/A Sydney

Note: This is metro-adjusted Stadestér Base, meaning that large metropolitan areas are
disaggregated compared to GHSL. GHSL often groups together built-up areas - Shenzhen for
instance, is the entirety of the Pearl River Delta. The rank is given by a city’s maximum

area/density/population, not that of its last year.

Figure 34. Rank-ordinal tables of the top 120 cities in each category (area, city centre density,

population) over the entire time domain.

Despite not being directly comparable due to measurement differences and metro correction,
such assessments give us a chance to see whether the conclusions of a model are mostly
sensible, in part by regional-level density classifications. The large amount of dense European
cities (n=54, 45%) of the Global 120 in Stadestér Base can largely be explained as the legacy of

early European industrialisation and urbanisation [207][208].

Region Area, City Centre Density City Centre Density City Population, City
Count Count, <1975, Base Count, >=1975, GHSL Count

Northern America 25 3 0 9

Latin America 10 14 0 11

Europe 10 54 0

Eastern Europe & 2 8 1

Russia

Central Asia 2 5 1

Middle East 5 27

Maghreb-Egypt 2 3 0

Sub-Saharan 12 7 31 17

Africa

Oceania 4 4 0 1

Indian 16 9 29 18

Subcontinent

Southeast Asia 9 1 0 10

Eastasia 21 7 25 27



Figure 35. Table of the number of cities in the top Global 120 per variable listed above.

After 1975AD, our data shows a large-scale migration in the densest cities eastwards towards
Africa and Asia (n=31, 25,83%; n=81, 67,5%), which are consistent with other visualisations or
uses of GHSL [209]. However, the GHSL’s list of densest cities are not generally matched by
those of Demographia, which filters only for urban areas with a population >500k [210].

Thus it is difficult to say with any confidence how accurate our internal proxy metrics are.
From a broad regional standpoint, they certainly seem to align with macrohistorical trends,
outliers notwithstanding [211][212]. At the very least, the results are on the whole not patently
absurd - for instance, there remains a low number of cities in Northern America within
Stadestér Base which belong to the Global 120 in terms of density (n=3, 2,5%).

These results are not however representative of the final rasters, since Stadestér Urban is
additionally filtered over substrata maps informed by population distributions, meaning they
reflect the spatially explicit results seen in earlier figures rather than the somewhat abstract
intermediate parameters demanded by Clark and associated variant equations (Figure 30,
Figure 31).

Micro-Validation, Manual Copychecking

Similar to how many scientific models have data portals in which resulting rasters can be easily
inspected (for instance, the HYDE Portal, or the GHSL’s Global Visualisation, or GPW’s
Worldview), we decided to embark on the creation of custom data processing and visualisation
software in the form of Constele Red [42][213].

Constele Red is somewhat unique in that it is architecturally a multi-threaded, asynchronous
spatiotemporal processing suite with a DAG node editor in addition to performing 3D map
visualisation tasks via Maptalks and Codemirror v5 [214][215]. We chose to offer dataflow
editing capabilities in Constele Red since we intend on the eventual integration of Stadestér

data processing and visualisation to allow for better reproducibility by other researchers.

The visualisation suite, particularly in the form of various mapmodes, was utilised to inform
various manual copychecking efforts and to flag various anomalous results in any of

Stadestér’s constituent sources.



Pre-modern (before 1800)

Modern (post-1800)

Figure 36. Screenshots of Stadestér-GHSL without labels in Constele Red for benchmark years.
1 hectare = 1 inhabitant, metro adjusted (1AD-2025AD).

Manual copychecking is by its nature something of a last resort, since it is non-systematic. As
such, we often utilised elevation heightmaps to visualise GeoPNG rasters produced by Stadestér
in addition to viewing raw geolocated population figures. Few of the findings from the field of




cartographic labelling are represented in web-native mapping libraries [216][217].

Stadestér-GHSL / Urbanisation rates by world region (3000BC-2025AD)
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Figure 37. Urbanisation rates by world region in Stadestér-GHSL (3000BC-2025AD).

The high number of cities leads to label crowding, even for earlier years in Stadestér (Figure

35), and so figures typically had to be assessed at very close range.

Figures and auto-generated animations were additionally prepared in advance and
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programmed in Python/R such that they could serve as an additional form of visualisation for
the overall dataset, even though at this stage we must admit that a great deal of code tidying
and consolidation is needed before each figure can be accounted for. Still, the individual
Node.js, Python, and R files used to generate the graphs and tables in this paper can be found
in the linked source repository in line with data and code availability standards [218]. They can
also be found in the full datavault version of Stadestér 1.0, since some intermediate files used

to produce the results in this paper exceed 100MB.
In general, urbanisation by world region aligns closely with rasters as present in Stadestér
Urban with the exception that the rates have been taken from discrete city objects as opposed

to consolidated rasters.

[ ]Metro-adjusted /[ ] Non-metro adjusted. Figures are given in thousands.

Year Accra Algiers Bangkok Beijing Buenos Aires

1 0 0 0 0 0 0 0 0 0 0
500 0 0 0 0 0 0 0 0
1000 0 0 0 0 0 60 60 0 0
1500 0 0 20 20 0 0 672 672 0 0
1600 0 0 77 77 0 0 707 707 0 0
1700 0 0 100 100 0 0 685 685 3 3
1800 0 0 78 100 45 45  1.137 1.137 35 35
1850 0 0 29 54 162 162 1.648 1.648 74 74
1900 17 17 31 97 541 541  1.649  1.649 672 771
1950 156 167 120 331 778 778  2.069  2.069 782  3.164
1975 1.098 1.098 1.521 1.521 3.699 3.699 5.153 5.153 8.567 8.567
2000 2,778 2.778 2.216 2.216 8.903 8.903 10.010 10.010 11.737 11.737
2025 5.890 5.890 3.316 3.316 19.048 19.048 18.151 18.151 14.180 14.180

Cairo Chicago Guatemala Istanbul Jeddah

1 0 0 0 0 0 0 109 109 0 0
500 0 0 0 0 0 0 498 498 0 0
1000 94 114 0 0 0 0 330 330 0 0
1500 360 380 0 0 30 30 204 204 0 0
1600 255 275 0 0 25 25 685 685 0 0
1700 155 175 0 0 31 31 750 750 0 0
1800 171 191 0 0 25 25 560 560 20 20
1850 241 261 59 59 17 37 748 778 26 26
1900 503 597 1.671 1.671 77 82 862 941 30 30
1950 2974 3.296 3.889  3.889 280 326 391  1.050 95 95
1975 7.420 7.420 4.477 4.477 1.131 1.131 5.123 5.123 480 480

2000 15.302 15.302 5.124 5.124 2.068 2.068 10.589 10.589  2.369  2.369



2025
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1600
1700
1800
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25.230 25.230

Johannesburg

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

102 102

89 805

1.820 1.820

4.272  4.272

8.593  8.593
Los Angeles

0 0

0 0

0 0

0 0

0 0

0 0

0 0

2 2

184 192

1.388  2.022

8.257  8.257

11.631 11.631
13.474 13.474

Nairobi
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

138 138

564 564

5.319 5.319
Kolkata

0 0

0 0

0 0

0 0

0 0

0 0

258 368

329 439

615 1.010

1.940 3.535

10.922 10.922
18.301 18.301
23.315 23.315

Manila
0 0
0 0
0 0
0 0
28 28
31 31
77 77
113 113
207 207
955 1.010
8.457  8.457
17.526 17.526
25.921 25.921
Paris
0 0
0 0
15 18
161 174
230 248
517 559
533 601
953 1.314
1.894  2.679
1.714  3.774
7.398  7.398

2.901 2.901
Kuwait

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

768 768

1.566  1.566

3.703  3.703
Mexico

0 0

0 0

0 0

0 80

9 58

66 82

107 131

152 180

266 370

955 2.234

11.138 11.138

17.250 17.250

17.639 17.639

Santiago

0 0

0 0

0 0

0 0

0 0

13 13

29 29

86 86

280 285

1.238  1.349

2.826  2.826

14.210 14.210

Lagos
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
38 38
241 241
2.645  2.645
7.726  7.726
12.846 12.846

Moscow

0 0
0 0
0 0
81 82
106 109
109 114
247 259
346 371
1.088 1.135
4.345 4.612
8.507  8.507

11.172 11.172
14.384 14.384

Sao Paulo
0 0
0 0
0 0
0 0
0 0
0 0
12 12
16 16
198 225
2.294 2711

10.645 10.645

4.842  4.842
London

31 31

35 35

20 38

61

175

552

768 864

0 2321

0 4.504

0 3.343

7.393  7.393

7.646  7.646

10.408 10.408
Mumbai

0 0

0 0

0 0

0 0

0 0

0 60

115 143

428 583

773 822

2.595 2.725

8.505 8.505

15.639 15.639
20.453 20.453

Shanghai
100 100
100 100
100 100
100 100
31 31
44 44
93 93
186 186
5ol 551
5.136  5.136
4.557  4.557



2000 2.586 2.586 8.371 8371 5.191 5.191 17.018 17.018 13.812 13.812

2025 6.646  6.646  9.328 9.328 6.634 6.634 19.485 19.485 30.679 30.679
Sydney Tehran Tel Aviv Tokyo Warsaw
1 0 0 0 0 0 0 0 0 0 0
500 0 0 0 0 0 0 0 0 0 0
1000 0 0 0 0 0 0 0 0 0 0
1500 0 0 0 0 0 0 0 0 7 7
1600 0 0 0 0 0 0 0 60 25 25
1700 0 0 0 28 0 0 485 685 18 18
1800 2 2 27 27 0 0 485 685 126 126
1850 48 48 0 74 0 0 580 780 162 162
1900 457 479 124 225 0 0 889  1.566 686 719
1950 960 1.647 1.043 1.145 50 280 1.623  5.010 610 757
1975 2.254  2.254 4.152 4.152 600 600 24.050 24.050 1.398 1.398
2000 3.005 3.005 6.867 6.867 1.633 1.633 30.304 30.304 1.684 1.684
2025 4.375 4375 9.363 9.363 2.628 2.628 33.156 33.156  2.000  2.000

Figure 38. Population tables for the Global 30 (metro vs. no metro adjustment) as compared to
Angel and Wikipedia for selected benchmark years (1AD-2025AD),, Thousands.

As is typically the case for datasets of this sort, it is only at the very discrete level that we can
both see the impacts metro adjustment (disaggregation) has on Stadestér data when it comes to
discrete objects in addition to being able to compare figures given at a particular year to their
real-world populations [219]. For the urban historian, it is likely best to cross-compare results
between both branches of our dataset: the metro-adjusted version for spatial disaggregation,
and the non-metro adjusted version if they are only interested in the population records of a

given place.
Micro-Validation, Global 30 (City-Level)

So far, the measurements of deviation previously used have assessed errors in global urban
population to be on the whole between ~+17,4% (SD=13%), as previously estimated based on
comparisons to HYDE/UN global urban population estimates (Figure 27). Regional out-of-
sampling errors are similarly constrained between 0,84%-13,49% for modern data that can be
substantively verified using modern satellite-based data comparisons (Figure 28, 29).

However, this does not necessarily answer what error rates are for specific cities, nor for the
deep past. This is solvable for many of the world’s major cities, such as those in the Global 30
that have already been previously compared to Angel’s Atlas of Urban Expansion for the time
period between 1800AD-2014AD. We now undertake a general literature review to see what can

be assessed of each of the Global 30’s population over the long run to assess discrete margins of



error.

We will mainly be using the non-metro adjusted populations to judge comparable figures. In
these assessments, the Ground Truth (GT) model refers to ‘ground truthing’ in social science
modelling, which may come from plausible estimates or simulations as defined by DARPA or
IBM [220][221][222]. In this ML definition, it is perfectly acceptable for the GT to merely mean
plausible estimates, which all population figures are to varying degrees - no figure, ancient or
modern, reliably counts every inhabitant. Nor is modern data necessarily flawless - differences
in how populations are measured and the boundaries of cities lead to a great deal of variation -

as much as in pre-modern estimates.

Standard deviations (SDs) when describing the distributions of deviations from GT estimates
should be taken with a grain of salt, since there are obviously so many datapoints available for
a given urban time-series. They are intended to be used to quantify broad-range estimates of

errors across the entire set (Global 30) rather than individual cities.

It is important to set forth some ground rules in how we may come to conclusions on how
much Stadestér deviates from the estimated ground truth - deviations are only to be calculated
where data both intersects, and where data is not extrapolated (the linear interpolation of years

in GT is however fine).

Accra

The highest resolution data for Accra’s population comes from Acheampong, who uses
metropolitan figures, as well as various censuses after 1970AD [223][224]. We thus reconstruct
long-run data as follows from Acheampong - 1901AD: 19.396; 1911AD: 39.750; 1921AD: 98.836;
1931AD: 177.140; 1950AD: 274.779; 1955AD: 391.875; 1960AD: 450.842; 1965AD: 529.265; 1970AD:
626.694; 1975AD: 763.337; 1980AD: 899.649; 1985AD: 1.036.081; 1990AD: 1.191.730; 1995AD:
1.405.387; 2000AD: 1.696.510; 2005AD: 1.910.228; 2010AD: 2.123.945; 2015AD: 2.376.455; 2020AD:
2.512.708; 2025AD (projected): 2.784.435.

Brinkhoff cites the Ghana Statistical Service for 1970AD, 1984AD, 2000AD, 2010AD, and 2021AD
(metro), and its population data is recorded respectively - 624.091, 969.195, 1.658.937, 2.070.463,
5.445.692. Where possible, we will use Brinkhoff’s figures to construct the following table of

selected years.

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025
STAD 17 167 1.098 2.778 5.890
GT <1 ~3-4 ~12 ~15 ~18-20 275 763 1.658 5.445

STAD = Stadestér, GT = Ground Truth (Acheampong, Brinkhoff); Thousands



Since we are counting modern boundaries, we have also included earlier sources in our
Ground Truth, such as assertions of precolonial populations in areas that are now considered
Accra, i.e. Amanfro [225][226][227]. Of course, as Acheampong notes, ‘the administrative
boundary of AMA has changed over the years, which makes it difficult to identify population

trends’.

This comes to a slight deviation (M=13,1%-15,0%; SD=37,5%-38,7%).

Algiers

The habitations of Algiers are somewhat better queried. A great deal of work has been done on
the precolonial populations of that city by Cresti [228]. We take a household as mentioned by
Cresti to refer to ~4 inhabitants. We must of course clarify our sources prior to 1500AD - for
1AD we know that Icosium was a Roman veterans’ colony in which 3.000 veterans were settled
[229][230]. The later figure was allegedly asserted by Theodor Mommsen according to
Wikipedia, but we cannot take Wikipedia’s word for it. This figure (at the very least the ballpark
for it) is additionally attested to by Bowman and Wilson’s work on Roman Settlement,
Urbanization, and Population [231][232].

For figures after the 1800s, we take our numbers from Celik, who lists populations as follows:
1839AD: ~48.000, 1896AD: ~120.000, 1926AD: ~212.000 [233], as well as the UN’s WUP from 2018
[234].

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025
STAD 20 77 100 100 54 97 331 1.521 2.216 3.316
GT ~3 ~15 <1 ~12 ~48,8 ~50 ~30-35 ~60 ~120 516 1.507 2.141 3.004

STAD = Stadestér, GT = Ground Truth (Plinius, Bowman and Wilson, Cresti, Celik, UN WUP
2018); Thousands. Dates for 1AD-500AD are for Icosium, dates >1000AD are for Algiers.

This deviation is moderate (M=36-40,8%; SD=70-77,2%), with Stadestér being somewhat less

accurate in earlier years.

Bangkok

Despite Bangkok’s long and storied past since the 1400s, population records and estimates
prior to the 1850s are relatively rare. Bunnag et al. gives it this discouraging note: ‘It is striking
how great the importance of demography for Siam’s history [sic], yet how limited the body of
population data is that can be drawn upon in historical research, prior to unhelpful qualitative

suggestions of how figures could be estimated [235].

That has never stopped us before of course, and we are not in favour of papers suffixed with



the word ‘Towards’ in any case, since they are ‘towards’ something, and never actually solve the
problem stated. Since 1919, routine censuses have been taken of the place, and we will use this
as our ground truth in addition to compilations by Sternstein for 1850AD [236], or ~350.000-
400.000. Prior to this, our estimates come from Kulachol who gives the population in the 1820s
as being 50.000-80.000, the lower figure which we shall use for 1800AD [237]. The contemporary
area of this mandala is given as being 414ha, or 120,77-193,24ihb/ha.

It just so happens we know what the size of Bangkok in the preceding centuries was as
documented both by Van Roy and La Loubere [238][239]. La Loubere gives an estimate of ~41ha
(1691). Van Roy, whose work is decidedly not from the 1600s, gives the following areas. Pre-
1782: 210ha; 1782-1785: 430ha. Since we already have our figure for 1800AD we need not work
on it. This yields the following population estimates of 4.952-7.923 for 1600AD, the lower figure
being preferable, and 25.361-40.580 for 1700AD, the lower figure again being more plausible.
After 1950AD, we again use the WUP. For 2025AD, we use the metropolitan figure given by
Metro Futures [240]. This yields the following table:

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 45 162 541 778 3.699 8.903 19.048
GT ~5 ~25 50 ~375 ~550 1.360 3.842 6.395 20.307
STAD = Stadestér, GT = Ground Truth (La Loubere, Van Roy, Kulachol, Sternstein, UN WUP

2018, Metro Futures); Thousands.

This deviation is slight (M=-11,7%; SD=31,1%).

Beijing

As one of the world’s foremost cities, Beijing’s demographic history is well-documented, but
not very well-sourced. Wikipedia provides the longest running time-series for Beijing’s
historical population, but the issue is that it provides no source for them. We thus take our
estimates from The Population History of China (1368-1953) by Cao as well as the UN’s WUP
(2018). For 1000AD, the estimate given is ~60.000-70.000, with the population falling to 144.000
in 1644AD during the Ming-Qing transition, and rebounding to 539.000 in 1647AD. The
population in the census of 1881-1882 is shown as being 776.111 [241].

Otherwise, Cao lists the population as being ~900.000 for 1480AD-1500AD, rising to 1 million by
1600AD, and being 987.000 in 1781AD [242]. This is the same population listed for 1800AD by
van Zanden [243]. In 1900AD, Beijing’s population was Some other supplemental figures are
from The Cambridge Economic History of China by Ma and von Glahn, who cites the figures of
200.000 for 930AD, 400.000 for 1207AD, 750.000 for 1700AD [244]. The figures can be pushed
somewhat further if we accept CNU’s estimates for pre-930AD, namely ~70.685 in 1AD and
~170.000 in 500AD [245]. In 1913AD, the population was 727.863 [246, p. 94]. For benchmark



years where data is missing, we now apply linear interpolation.

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 60 672 707 685 1.137 1.648 1.649 2.069 5.153 10.010 18.151

GT ~71 ~170 60-70 900 1.000 750 987 ~858 728 1.671 4.828 10.285 22.596
STAD = Stadestér, GT = Ground Truth (Han, Cao, Xu et al, Ma and von Glahn, Gamble and

Burgess, CNU, UN WUP 2018); Thousands.

With the exception of 1850-1900AD, Stadestér’s accuracy here is not all that bad (M=14,4-16,2%;
SD=44,32-45,23%).

Buenos Aires

Unlike the somewhat absurd digging that old cities require, Buenos Aires is a new city, founded
in 1580AD, and we must thus get 1600AD and 1700AD out of the way first. In 1590AD, the
population was sort of a joke - sixty men and Juan de Garay (61) [247]. In 1744AD, the
population is stated as being a much more substantive 11.600, and the population in 1771AD is
20.207 [248], increasing to 90.000 by 1855AD [249]. After this, routine censuses were carried out
- the population reaching 663.854 in 1895AD, 1.575.814 in 1914AD, and after 1950AD, we use the
UN WUP 2018 as a rule [250]. Like always, intermediate results are linearly interpolated.

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025
STAD 3 35 74 771 3.164 8.567 11.737 14.180
GT <1 8 44 86 903 5.166 9.143 12.504 15.752
STAD = Stadestér, GT = Ground Truth (Tapson, Sanchez, Vicario, INDEC, UN WUP 2018);
Thousands.

In general, Stadestér underestimates as compared to our ground truth, but irregularities are far
more constrained (M=-21,6%; SD=18,3%).

Cairo

The story of Cairo as a distinct city is far younger than the story of Egypt as an ancient
civilisation. Babylon Fortress was assessed as being able to hold 1.000 men when first
constructed in 300AD (8ha), but the city soon took on a civilian nature [251][252]. Its growth
must have been steady, for by the Council of Chalcedon in 451AD, it had gained itself a bishop,
and mere fortresses do not typically gain bishops [253]. What is now Cairo was then conquered
in September 641AD by Amr ibn al-As, by which time the Tubinger Atlas des Vorderen Orients
(TAVO) lists various settlements around Cairo as major settlements [TAVO, B VII 2]. Al-Fustat’s
population continued to increase - it was assessed at 120.000 in 800AD, increasing to 150.000-
300.000 by 1000AD [254][255][256].



The population was tempered by the plague, which killed roughly ~90.000 of the city’s
population. In 1500AD, the population was again stated at 270.000 [257][258], increasingly
slightly to 300.000 by 1600AD, the population remaining much the same by 1700AD. By 1798AD,
its population had virtually not budged due to ‘a series of plagues, famines, brutal economic
exploitation and factional strife’, standing at 263.700 during the French campaign in Egypt
[259]. The population increased to 256.679 by 1846AD according to Jomard, and by 1897AD the
population was 570.062, cholera notwithstanding [260]. The remaining years come from the UN
WUP 2018.

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 114 380 275 175 191 261 597 3.296 7.420 15.302 25.230
GT ~40-50 ~150- 270 300 300 264 257 570 2.494 6.450 13.626 23.074
300

STAD = Stadestér, GT = Ground Truth (Cooper, Sheehan et al, Kjeilen, Nooraddin, Yagur,
Winter, McCarthy, UN WUP 2018); Thousands.

Here, deviations are slight, though present (M=-2,3-1,3%; SD=24,8-28,6%).

Chicago

Chicago is one of those cities for which there is not much speculation, as there are consistent
decennial US censuses [261]. Metro populations are non-comparable here, since
agglomerations in Stadestér-Base are not always equivalent to metropolitan areas. In this case,

Stadestér-Base uses county subdivisions (Cook County) [262].

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 59 1.671 3.889 4.477 5.124 5.319
GT 30 1.699 3.621 5.398 5.376 5.182

STAD = Stadestér, GT = Ground Truth (US Census, FRED); Thousands.

Disregarding 1850AD which is a clear (but manageable) outlier, and to a limited extent 1975AD
(which is covered anyway by GHS-POP for that year, since we are only comparing figures to
Stadestér-Base), Stadestér is slightly higher than the GT scenario (M=13,9%; SD=37,8%).

Guatemala

As is the norm in Stadestér-Base, pre-Columbian Latin American settlements are listed
separately from those after the Spanish conquest, and so we will be focused here on the history
of Guatemala after 1500AD, and it was first in 1527AD that the city was founded. The early
population of the city is well-attested to by Lutz’s Santiago de Guatemala, 1541-1773 [263][264].
The population is thus stated as being ~6.150 in 1599AD, and ~15.900 in 1699AD. The population
increased to 12.354 in 1769AD, before declining to 7.000-8.000 in 1800AD [265]. In 1850AD, it



was contemporaneously estimated at 40.000 by Baily [266], which had roughly more than
doubled by the 1911 Encyclopaedia Britannica listed its 1905AD population as 97.000 [267].

Populations between 1500AD-1800AD are not comparable for Stadestér-Base, since they
include La Antigua Guatemala, whose population history is simply recorded separately - Lutz
puts it at 6.655 in 1600AD, 30.000 in 1700AD, and the population of La Antigua Guatemala is
widely believed to be 10.000-17.500 (25.000 total) by 1800AD, but for the former figure I could
not find a scholarly source [268][269][270]. We now add these to our preceding estimates.

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 30 25 31 25 35 77 280 1.131 2.068 2.901
GT 13 ~30-46 24,5- ~40 97 361 1.053 1.973 3.230
25,5

STAD = Stadestér, GT = Ground Truth (Lutz, Fendler, Borah, Bailey, Jickling, Woodward,
Encyclopaedia Britannica, UN WUP 2018); Thousands.

With the exception of 1500AD, which we will drop since deviations may only be evaluated for
intersecting years, there exists a slightly persistent underestimation for Stadestér-Base (M=-8,8
to -5,2%; SD=14,1-21,2%).

Istanbul

Perhaps no city on this list, outside of Rome, has had its historical populations so thoroughly
estimated. The numbers until 1500AD are taken from The Cambridge Companion to
Constantinople and The Oxford Handbook of Byzantine Studies. Prior to 324AD, it was estimated
that the population of Byzantion was 25.000, increasing to around ~430.000-450.000 prior to the
Nika Riots, and declining to 400.000-750.000 in 541AD, of which we shall use the lower point
[271]. By the late 600s, the population had declined to 70.000, from which it supposedly
rebounded to a maximum of 300.000-400.000 by 1081AD according to Stathakopoulous, a figure
which remained steady until the Latin occupation in 1204AD [272]. Kaldellis prefers the lower
figures.

By 1261AD, the population had again shrunk due to the Latin occupation, traditionally stated to
be 50.000-100.000. Surely something of this magnitude could have happened, foreign travellers
of the period consistently reported the city to be ‘half empty’ [273]. By the onset of the Black
Death, the population had recovered somewhat, perhaps to 140.000 in 1340AD given an urban
mortality of 50%. By 1400AD, the population stood at just 70.000, and even fewer still by
1453AD: just 40.000-50.000 [274].

By 1480 the population had again rebounded to 60.000-70.000 [275]. After the Ottoman takeover,
somewhat routine censuses existed in the city - by 1540AD, the number of Greek households

increased by 46,23%, the number of Armenians by 317%, the number of Jews by 92,4%, and the



number of Europeans in Galata by 28,31%. The population that seems to be most corroborated
is that of 400.000 between 1520AD and 1535AD, increasing to 540.000-600.000 around 1600AD.
By 1700AD, various jizya records put at ~500.000-700.000 according to Mantran [276][277]. We

will accept the lower numbers for reasons soon discussed.

In 1800AD, the city was still constrained inside the Theodosian Walls. By 1794AD, the
population stood at 426.000 according to Niifus, reaching 359.089 in 1829AD, 490.000-796.000 by
1864-1875AD, 606.000-722.000 by 1877AD, 895.000 in 1894AD, 1.116.946 from 1896-1897AD,
1.159.000 in 1901AD, and 1.600.000 during World War I (1914-1916AD) [278].

Why we prefer the lower figures for the period from 1520AD to 1794AD is primarily due to the
fact that Ottoman censuses and jizya records almost always counted Muslims and non-Muslims
(and very often men vs the total population) separately, and almost always only the total
number of households and/or dwellings/neighbourhoods. This lead to a great deal of
speculation, but the high figures simply do not align with the city’s known 19th and 20th-

century trajectory.
From here on the population figures given can use the UN WUP 2018.

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 109 498 330 204 685 750 560 778 941 1.050 5.123 10.589 14.210
GT 25 371 250-  210- 540- 500 426 426- 1.148 967 3.600 8.744 16.237
330 220 600 583

STAD = Stadestér, GT = Ground Truth (Kaldellis, Stathakopoulous, Berger, Ehrlich, Oz Ugur,
Kazpat, UN WUP 2018); Thousands.

With the exception of 1AD, whose figure of 25.000 we cannot positively affirm, since it is
extrapolated, and the city was founded in 667BC, the deviation is moderately biased upwards
(M=16,5-24,6%; SD=21,8-27,4%).

Jeddah

Fortunately some very good individual work has been done on the various cities of the Islamic
World; in the case of Jeddah, this work lays with Hartmann and Ann Marr. In 500AD and
1000AD the city was an unwalled town, with a male population estimated at 5.000. Unless the
city had a very great gender imbalance in those days, the population may be stated to stand at
9.000-10.000. In 1814AD, the population was described as standing at 12.000-15.000 [279]. By
1911AD, Britannica documents this population as being estimated at 20.000, and its population

in the years since are well-documented [280].

Unfortunately the interceding years do not have a great deal written about them given the

relatively low population of Jeddah in those days.



1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 20 26 30 95 480 2.369 4.842
GT 5 5 11-13 11-14 12-14 12-15 15-17 20-30 119 594 2.509 5.022
STAD = Stadestér, GT = Ground Truth (Bosworth, Hartmann and Ann Marr, Britannica, UN

WUP 2018); Thousands.

Here, Stadestér contains a somewhat slight upwards bias (M=5,4-20,2%; SD=26,1-35%).

Johannesburg

The modern population of Johannesburg is defined by the Witwatersrand Gold Rush, which
began in 1886AD, at which time the population was 400 [281]. As such, the modern population
of the city becomes incredibly easy to construct. By 1890AD, its population had increased to
25.000, swelling to 155.642 by April 1904AD [282]. After this, we use the UN WUP 2018 as

previously discussed.

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 102 805 1.820 4.272 8.593
GT 118 911 1.498 3.046 6.445
STAD = Stadestér, GT = Ground Truth (Pretorius, Britannica, UN WUP 2018); Thousands.

Once again, we see a slight but consistent deviation (M=14%, SD=22,5%).

Kolkata

The modern history of Kolkata first began in the 1690s with the consolidation of Kalikata,
Gobindapur, and Sutanuti. At this point, it could not have been spoken of as a city, but a mere
collection of villages, whose population was quite migratory - Kalikata likely had no settled
population in 1690AD [283].

It is in 1706AD that the first good proxies of Calcutta’s population can be taken - land use,
described in acres to the hundreths. 132,74 acres of houses of a total settled area of 161,48
acres. It is just as well, of course: in 1752AD we know there stood 9.451 houses on 1.805,76
acres of land, or 5,23 houses on an acre, and the assumption in 1752AD was that of 8 persons to

a house, i.e. 41,84 persons/acre.

Thus we would arrive at a 1700-1704AD population on the order of 5.000-5.553, with Alexander
Hamilton of Calcutta placing the population in 1710AD at 12.000 [284]. In 1800AD, the
population was then estimated at 500.000. An 1837 census of the city records its population as
standing at 406.700, should suburbs be included [285]. The Census of 1901 and 1911 respectively
record Calcutta’s population in 1872AD as 721.512, in 1900AD as 987.045, and in 1911AD as



standing at 1.043.307 [286]. The rest of the figures are accorded to by the UN’s WUP 2018 until

2025AD, due to the city’s recent intense urbanisation [287].

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 368 439 1.010 3.535 10.922 18.301 23.315
GT 5-12 500 524 987 4.604 8.166 13.097 20.534
STAD = Stadestér, GT = Ground Truth (Cotton, Deb Roy, Routledge, O’'Malley, UN WUP 2018,

Chandramouli); Thousands.

Here, our deviations are not much pronounced (M=3,3%; SD=24,9%).

Kuwait

For such modern Middle Eastern and North African cities, Bosworth recommends those works
by Dumper, for which the entry on Kuwait City is written by Turner. That ever industrious
Danish explorer, Carstin Niebuhr, had apparently travelled to the city in 1760AD, alleging its
population at 10.000. In 1700AD, it was certainly not 10.000, but a small fishing village, whose
population may have been <2.000-5.000 [288][289]. By 1800AD, its population reached ~15.000,
and by 1850AD, 25.000.

In 1904AD, Lorimer (whose work Gazetteer of the Persian Gulf, Oman and Central Arabia

functions as a de-facto census in all but name), placed Kuwait’s population at 35.000 [290]. After
this date, we use the figures given to us by the UN WUP 2018.

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 768 1.566 3.703
GT <2-5 15 25 35 63 688 1.300 3.405
STAD = Stadestér, GT = Ground Truth (Al-Loughani, Turner, Lorimer, UN WUP 2018);
Thousands.

The deviation here is slightly biased upwards, if not by much (M=13,6%; SD=5%).

Lagos

Lagos has an older history than one would believe, being significantly inhabited as early as the
1400s [291]. We know little of its population then - only that its population is best enumerated
in the years after 1866AD - 25.083 in that year, 32.508 in 1891AD, 38.387 in 1901AD, 73.766 in
1911AD, 99.700 in 1921AD, 126.000 in 1931AD, and 230.250 in 1951AD [292]. It is here that the
limits of historical demography begin to show themselves.

Forgive us then, if the proxies are not nearly as delicate. In 1850AD, Lagos’s urban area was



assessed to be 21,44% of what it was in 1900AD. This implies a population of 8.230 in 1850AD,
immediately prior to the Reduction of Lagos [293]. Its population was in all likelihood 2.000-
3.000 based on the history of its urban expansion in 1600AD-1700AD; its population as stated
must have been at least 7.000 (including the slave population) in the 1800s [294]. It is
reasonable to then suggest that its population was likely ~1.000 in 1500AD, and <1.000 in the
1400s.

Perhaps some later scholar can illuminate us on what the population of Eko really was, for
these are informed guesstimates. In the sense of calculating margins of error, only population

figures after 1900AD are truly relevant.

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 38 241 2.645 7.726 12.846
GT <1 2 3 7+ 8-20 38 325 1.890 7.281 17.156
STAD = Stadestér, GT = Ground Truth (George, Ugboajah, Olukoju, Bigon, UN WUP 2018);
Thousands.

Here, Stadestér is a good fit for overlapping years (M=-1%, SD=24,2%)).

London

No such radical reassessments are warranted for London, whose population history is covered
with quite some frequency. The city was first founded in 47AD during Roman times, before
which its population must have been less than 5.000 [295]. In 60AD this population climbed to
30.000, then to 45.000-50.000 by 200AD [296]. In 407AD, Lambert estimates that its population
had fallen to half its Roman level, or 17.500, increasing to 18.000 by 1086AD at the time of the
Domesday Book [297].

Cox’s Demographia, who cites Weinreb and Hibbert’s The London Encyclopedia then states the
figure to increase to 20.000-25.000 by 1200AD, 40.000-50.000 by 1340AD on the eve of the Plague,
which killed between 25-50% of the population, a third is the figure traditionally cited, after all,
a third of the City of London became uninhabited [298]. By 1349AD then, its population would
have been reduced to ~29.700, which by 1377AD could plausibly have stood at 40.000, which
though a figure appearing only in pop history, is certainly plausible [299]. By 1500AD the
population of London had rebounded to perhaps 60.000-70.000 as written by Wallace, and it is
starting in 1550AD that professional estimates become available.

CamPop notes that the city contained ~80.000 in 1550AD (Krylova and Earn put this at 120.000,
and their estimates are somewhat more granular). By 1600AD, Weinreb and Hibbert write that
it was probably 200.000, in 1650AD 350.000-400.000, and both Krylova and Earn and Tellier
write in 1700AD that it first exceeded 490.000-500.000 [300][301]. From then on, routine



estimations, then censuses (starting in 1785AD) become available.

The population increased to 660.000 by 1735AD, 670.000 in 1745AD, 675.000 in 1750AD, 680.000
in 1755AD, 730.000 in 1775AD, 859.234 in 1785AD, and 1.007.703 in 1795AD, settling at just
above a million (1.096.784) by 1800AD, after which its population is assured. In 1851AD its
population was 2.651.939, increasing to 6.509.889 by 1901AD. At this point, we use the UN WUP
2018.

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 31 35 38 61 175 552 864 2.321 4.504 3.343 7.393 7.646 10.408
GT <5 10-17 18 60-70 200 490- 1.097 2.652 6.510 8.361 7.124 7.273 9.841
500

STAD = Stadestér, GT = Ground Truth (Wallace, Cox, Lambert, Wallace, Mortimer, Tellier,
Krylova and Earn, UN WUP 2018); Thousands.

Earlier years are unfortunately quite off, leading to various wild swings (M=47,1-59,5%;
SD=141-151%), and this is the first great fault of the model we run into, improving only in
1500AD.

Los Angeles

As a recent city, Los Angeles’s population is not hard to figure. It was founded in 1781AD with a
population of 44 settlers, a figure which increased to ~650 by 1820AD [302][303]. Census data
becomes available starting in 1850AD, with LA’s population recorded at 1.610, climbing to
170.298 by 1900AD (within LA County) [304]. By 1950AD, this population had been substantially
disaggregated, leaving 1.970.358 within the confines of LA County [302].

The metropolitan area sprawled with the onset of suburbanisation. From 1975AD, we use the
more expansive UN WUP numbers which aligns with the agglomeration of Los Angeles as

traditionally defined.

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 2 184 1.388 8.257 11.631 13.474

GT <1 2 170 1.970 8.926 11.798 12.678

STAD = Stadestér, GT = Ground Truth (LA Almanac, Guinn, Hunt, US Census, UN WUP 2018);
Thousands.

As Los Angeles is a new city, we find very little overall bias (M=-4%; SD=12,5%).

Manila

In 1500AD, the precolonial population of Maynila probably stood at ~2.000, and by 1570AD the



population of Maynila, Tondo and other settlements probably numbered ~43.000 [305]. The
population remained much the same in 1600AD - 20.000 Indios, 20.000 Chinese, and just 1.000
Spanish, a total of 41.000 [306]. 36.000 is the figure given by Newson, whose work on historical
Filipino demography is exceptionally complete. By 1700AD, the population was 32.000-50.000,
and the population by 1825AD 115.000-120.000 [307].By 1876AD, this had increased to 93.595,
176.777 by 1887AD, and 219.928 by 1903AD [308]. For the period after 1950AD, we use GHS-POP
with metro boundaries as used by CASA, UCL [209].

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 28 31 77 113 207 1.010 8.457 17.526 25.921
GT ~2 36-41 32-50 98-106 104- 220 1.544 11.300 18.300 24.800
107

STAD = Stadestér, GT = Ground Truth (Pante, Hawkley, Newson, Britannica, UN WUP 2018,
GHS-POP/UCL); Thousands.

The deviation for Manila is slightly underestimated (M=-11,5% to -17,4%; SD=12,2-13,7%).

Mexico

When we speak of Mexico City, it is only Mexico-Tenochtitlan and Mexico City that are
included as being in common in Stadestér, and so comparisons should be made to that entity.
Upon the eve of Spanish conquest in 1519AD, Berdan writes the population likely numbered
150.000-200.000 (including neighbouring settlements). The city was traditionally believed to
have been settled in 1325AD, meaning that it must have a more established population history
than that [309]. It seems to be that for nearly all historians, populations exist in a post-colonial
or post-conquest sense, almost as though Tenochtitlan only started to exist as soon as Cortez

envisaged it rising out of the waters of Lake Texcoco.

This then, is an infuriating business. Fortunately, there do exist certain estimates - in 1325AD,
the population was estimated as being ~3.000 with 29 calpulli [310]. We know more of its
political history. In 1391AD, Huitzilihuitl ascended to the throne and the status of Tenochtitlan
was somewhat increased, and it was only in 1427AD that the Triple Alliance was formed,

bringing in Tetzcoco and Tlacopan.

The urban hydrology and growth of the settlement before the Spanish conquest was modelled
by Gonzalez-Rul as cited by Cordova, with fractions of urban area (compared to their 1519AD
boundaries) given as follows: 2,465% in 1325AD, 8,172% in 1404AD, 12,110% in 1428AD, and
81,32% by 1446AD (area over intersection) [311]. Unlike what is commonly suggested, the city
never truly sat on solid ground - only on chinampas and tlateles. The various floods in any case

would not have reduced the population of Tenochtitlan [312].

We thus estimate the pre-Spanish population as follows. 1325AD: ~3.000, 1404AD: ~13.000-



14.000, 1428AD: ~18.000-20.000, 1446AD: ~121.980. This may seem drastic, but we know that it
was under Itzcoatl’s reign from 1427AD-1440AD that the city likely achieved its greatest period
of urban growth [313][314].

Now, one turns to the population of Mexico City after the Spanish conquest. In 1570AD,
assuming that each Amerindian labourer had 3 dependents, the city may have hit a low of
62.000 in the 1570s. By 1646AD it is likely the population stood at just 118.000 - 48.000
Europeans and 70.000 Amerindians [315], remaining about the same in 1700AD at ~100.000
[316]. In 1790-1794AD, it was probably ~104.760 based off the Revillagigedo census [317]. In
1811AD, the population had increased slightly to 113.000 immediately prior to independence
[318]. By 1870AD, Mexico City could probably have been said to be home to ~250.000-310.000
inhabitants, tripling to 934.463 by 1900-1910AD [319][320].

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 80 58 82 131 180 370 2.234 11.138 17.250 17.639
GT 143- 84 100 109 204- 934 3.365 10.734 18.457 22.752
180 243

STAD = Stadestér, GT = Ground Truth (Berdan, Gutiérrez, Cordova, Montero-Rosado, Boyer,
Pineo, Ragsdale, Klein, Johns, INEGI, UN WUP 2018); Thousands.

Here, our historical estimates for Mexico City are mainly underestimated (M=-20,4% to -23%;
SD=22,9-23,8%).

Moscow

Of all the cities on this list, it is perhaps the Muscovites that have least documented their own
city’s early history. The story of Moscow is that of the ever-expanding circumference of its
Kremlin and various walls. No censuses were carried out of the place until the 1800s. Whether
or not Russian cities like Moscow constituted a city prior to 1500AD at all has been challenged
by some [321]*.

We can attempt a recounting of its early population as follows. In 1600AD, Moscow had 80.000-
100.000, a midpoint of 90.000 inhabitants [322]. Sigismund von Herberstein reported a
population of 41.500 adult males (~83.000 inhabitants) in 1557AD. The population was reduced
to ~30.000 when the Crimean Tatars sacked Moscow, ‘burning everything but the Kremlin’ in
1571AD [323].

At this point we must remember that there were a great deal of wooden hovels beyond the wall
which constituted various posady which could be sheltered in the kreml’ in times of war. Our
walled estimates come from the Grofser Historischer Weltatlas, Zweiter Teil, Mittelalter [Engel et
al. p. 64-65]. Engel et al. report the expansion of the walled area in 1557AD to be 106ha,

meaning that 783,01 inhabitants would have been associated with every walled hectare of
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Moscow. They of course did not live within the walls, but were merely associated with them.

From 950AD-1156AD, the walls encompassed 2,36ha, the kreml’ encompassing 12,7ha in
1156AD, rising slightly to 18,7ha by 1339-1340AD, doubling to 32,9ha by 1367AD, and by the
time of Shaw’s estimates, they were what was already stated. This yields population the
respective population figures of ~2.000 prior to 1156AD, ~9.000-10.000 (1156AD), ~15.000
(1340AD), and finally ~25.000-30.000 (1367AD). By 1400AD, it might have achieved a population
of ~50.000 [324].

Colton helps us fill in the gaps since 1600AD by providing a handy estimate of what its
population might have been, namely ~200.000 by 1650AD, stagnating until 1700AD, before a
decline due to the reassignment of capital status to Saint Petersburg, after which time
Moscow’s population drops to 140.000-150.000 in 1725AD, rebounding to ~175.000 in 1790AD
[325]. In 1805AD, Moscow’s population was then recorded as 216.953 [326], increasing to
270.200 in 1811AD [327], decreasing to 251.000 by the time of the September fire in 1812AD,

dropping to ~10.000 in its immediate aftermath.

The population series is then as follows, with figures from Colton unless mentioned otherwise:
306.000 (1830AD), 337.000 (1852AD), 377.800 (1858AD, Blackwell), 364.000 (1862AD), 602.000
(1871AD), 753.000 (1871AD), 1.039.000 (1897AD), 1.346.000 (1907AD), 1.618.000 (1912AD),
1.984.000 (1915AD, November), 2.017.000 (1917AD, February), 1.854.000 (1917AD, September),
1.716.000 (1918AD, April), 1.550.000 (1919AD), 1.027.000 (1920AD, August), with the population

converging to modern data in the years since.

We now assemble our population time-series in a likewise manner to the cities that came

before.

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025
STAD 82 109 114 259 371 1.135 4.612 8.507 11.172 14.384
GT ~2 ~71 ~80- ~200 217 337 1.039 5.356 7.623 10.005 12.731

100
STAD = Stadestér, GT = Ground Truth (Shaw, French and Ioffe, Engel et al., Lambert, Colton,
Lyall, Blackwell, UN WUP 2018); Thousands.

The deviation for Moscow is also relatively slight, though it should be warned that the volatility
in earlier years is moderate (M=4,3-7%; SD=16,5-20,7%).

Mumbai

We must start with Bombay before the British, as that is the most difficult part of this
enterprise - British bureaucrats kept notoriously thorough records. The easiest part of this is
the Portuguese period, in which 10.000 people lived on Salsette Island in 1553AD [328]. The



population thus prior must have been considerably less than that, not including Bassein. When
the Portuguese had arrived in 1530AD, the Seven Islands of Bombay ‘consist[ed] of about 400
houses, both large and small, and with a population of between five and ten thousand made up
of the Koli, Bhandari, and Panchkhalasi castes only’ [329].

From the qualitative descriptions Narayan later gives, we can infer that the population in
1295AD was perhaps ~5.000, increasing to ~7.000-8.000 by the time of the Portuguese arrival
(the description Da Cunha gives is after the arrival of an additional 3.000 converts), [330]. Prior
to this, the population was marginal, and if we assume the castes to be of equal proportion, the
population likely fluctuated between 1.000-2.000 from the time of the first villages in 200BC to
1000AD [331]. The population before 200BC must have been marginal, less than 1.000, though
archaeological finds would suggest its existence since at least 1000-950BC [332][333].

The population history of the city since 1661 is much better known: 10.000 (1661AD), 15.000
(1664AD), 60.000 (1673AD), 16.000 (1718AD), 70.000 (1744AD), 60.000-140.000 (1764AD), 113.726
(1780AD), 235.000 (1812AD), 180.000 (1814AD), 229.000 (1830AD), 236.000 (1836AD), 644.605
(1872AD) 773.196 (1881AD), 821.764 (1891AD) [334]. In 1901AD, the population was recorded by
census at 812.912.

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 60 143 583 822 2725 8.505 15.639 20.453
GT <1 1-2 2 6-7 10 34 190 395 813 3.089 7.685 16.147 22.089
STAD = Stadestér, GT = Ground Truth (Chhabria, Da Cunha, Raganathan, UN WUP 2018);
Thousands.

Here, deviations are relatively slight (M=11,1%; SD=31,7%).

Nairobi

Prior to settlement, Nairobi was occupied by the Maasai whose pastoralist population implied a
mobile population before the city’s founding in 1899AD. By 1902AD it had a population of 5.000,
by 1906AD some 11.000, and by 1910AD some 16.000 [335][336]. The place is a new city, and
thus its accounting becomes quite simple, rising to 24.000 by 1921AD [337]. After this we use
the UN WUP 2018.

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 138 564 2.586 6.646
GT 5 137 677 2.214 5.767
STAD = Stadestér, GT = Ground Truth (Owen, Aiyar, Juuti et al, UN WUP 2018); Thousands.

Since Nairobi is a modern city, discrepancies are very slight (M=4%, SD=13,5%).

Paris



Refounded as a civitas in 52BC, by 1AD-100AD, the traditional figure cited for Lutetia’s
population is ~5.000-8.000 within 94,69ha, a figure which comes from Bekker-Nielsen
[338][339]. This population had certainly declined to the conservatively lower end of this by
308AD-380AD, perhaps 6.000-7.000 as judged by the size of the new enclosure [340].

At its nadir in 500AD, it might have plausibly reached ~3.000, but this is the minimum figure I
have seen anywhere [341]. Wikipedia lists Paris’s population as 30.000 in 510AD. That is almost
certainly false, since Lutetia could not have contained more than 10.000 people at most.

Perhaps somewhere in the mix, the two were confused and a clerical error made.

By 1000AD, its population was estimated at 50.000, increasing to 100.000 by 1200AD, and
>200.000 by 1300AD. By 1329AD, it stood at ~250.000-290.000 [342][343]. This of course declined
during the Plague, but by how much? Tuchman states the death rate was 800/day at its peak,
and that it killed 50.000 or ‘half the population’, and Olea and Christakos write that it lasted
from the end of August 1348 to the Winter of 1349-1350, or ‘close to a year and a half’ [344][345].
Such a long duration really would suggest a high mortality.

Perhaps the population of Paris by 1350AD was ~125.000 as we might guess from Tuchman as
extrapolated to the figures most established these days. By 1400AD however, it had been
revived - the population now stood at 275.000, though it declined by 1500AD in the wake of the
Hundred Years’ War back to 225.000 [346]. It is finally here that modern figures become
available thanks to the tireless work of Biraben and Blanchet, who also have year-by-year

estimations starting then, but we shall use the second-hand estimates that they found reliable.

In 1565AD, the population stood at 294.000, falling to 220.000 by the end of the siege of 1590. In
1636AD, the population was likely 440.000, increasing only slightly to 480.000 in 1684AD, and by
1767AD, ~600.000. In 1792AD, after the Revolution, the population was enumerated at 608.782,
616.693 (1795AD), 547.726 (1801AD) [347]. After this, routine censuses become available - in
1851AD the population was now 1.053.262, increasing to 2.714.068 by 1901AD [348]. After
1950AD, we use the UN WUP 2018.

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025
STAD 18 174 248 559 601 1.314 2.679 3.774 7.398 8.371 9.328
GT ~6-7 3 50 225 268 503 548 1.053 2.714 6.283 8.558 9.737 11.347
STAD = Stadestér, GT = Ground Truth (Bowman and Wilson, Pessoa, Tapia, Arnoux, Gallois,

Tuchman, Olea and Christakos, Burke, Biraben, Demographia, UN WUP 2018); Thousands.

With the exception of 1000AD for which little data for the city of Paris was known,
discrepancies are slight (M=-12,3%; SD=23,6%).



Santiago

The early history of Santiago de Chile was preceded by those of its native inhabitants in the
Napocho Valley, who numbered ~8.000-10.000 according to Mackenna and de Olivares. In
1549AD, 8 years after the founding of the city, the population was estimated at 500 Spaniards,
and including mestizos and Amerindians, 1.000. By 1553AD, this had increased to at least 1.500,
and by 1575AD, the population was 2.500 [349].

The population in 1600AD could not have been more than 5.000 [350]. To use only the
confirmed populations from the Bishopric of Santiago between 1700-1835AD, the population in
1700AD was at least 20.100, increasing to 37.084 by 1758AD, and 34.492 by 1767AD. One refers
the lower numbers since the Bishopric of Santiago encompasses slightly more than the
boundaries of Santiago de Chile [351]. The population in 1813AD was likely 69.101, and 129.639
by 1854AD. In 1865AD, the population was then 168.553 [352][353]. By 1907AD, the population

had reached 332.724, and the city was now in the territory of routine censuses [354].

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 13 29 86 285 1.349 2.826 5.191 6.634
GT 5 20 59 124 305 1.322 3.138 5.658 6.999
STAD = Stadestér, GT = Ground Truth (Braman, Johnson and Carmagnani, Carmagnanio,

Lavados and Chamudes, Censo Jeneral, Censo chileno de 1907, UN WUP 2018); Thousands.

Santiago’s population, especially during the colonial period is relatively underestimated (M=-
18,1%; SD=17,2%).

Sao Paulo

Founded in 1554AD, the population of early Sao Paulo is recorded as being 140 hearths, which
judging from its correspondence to total population, would imply at least 1 ‘hearth’ (or
household) per 13,21 inhabitants (including slaves and Amerindians). Thus the population of
Sao Paulo in 1570AD was probably no more than 1.800-2.000, increasing to 2.000 by 1583AD,
and maintaining that population until 1590AD, when it had at least 3.700 inhabitants. By
1672AD, this had increased to a healthy 11.500 [355]. Detailed distributions of Brazilian
population start to become available starting in the 1770s [356].

The trouble is that this data is mainly distributed by captaincy. Kuznesof writes that this had
again decreased to 6.000 (900 households) by 1765AD, before rebounding to 11.300 by 1802AD,
and 14.000 by 1836AD [357]. In 1872AD, the population was then recorded at 50.113, and by
1886AD, this had increased to 74.893 [358]. In 1890AD, it had barely budged to 63.934, but by
1902AD, the population was then estimated at 332.000 as recorded by Britannica [359]. Vidal
and Klein give a figure of 281.256 (1900AD), increasing to 430.069 (1910AD), 654.578 (1920AD),



989.396 (1930AD), 1.164.067 (1934AD), 1.480.116 (1940AD), and 1.800.863 (1945AD).

For the purposes of this study, we will use the latter estimates, along with those of the UN WUP
2018 from 1950AD onwards.

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 12 16 225 2.711 10.645 17.018 19.485
GT ~5 10 11 28 281 2.334 9.614 17.014 22.990
STAD = Stadestér, GT = Ground Truth (Carrara, Alden, Kuznesof, Vidal and Klein UN WUP

2018); Thousands.

Although early data for Sao Paulo is lacking for Stadestér, deviations are otherwise slight (M=-
6%; SD=19,5%).

Shanghai

Founded in 751AD in Songjiang District as a garrison town, Shanghai’s population at its outset
could not have been any more than perhaps ~1.000-5.000 [360]. Its actual civilian counterpart
was founded in 991AD and grew to 12.000 by the early 1100s, swelling to 250.000 by 1127AD
after the fall of Kaifeng to Jurchen invaders [361]. This increased to 300.000 by 1292AD [362],
and the last clear portrait of Shanghai’s population is in 1580AD, by which point it had shrunk
back down to just 100.000 inhabitants [363].

The growth rate from that point onwards is documented by Cheung et al., who records 0,22%
annual growth to 1722AD, and 0,42% annual growth to 1861AD [364]. This would imply a
population in 1600AD of ~105.000, in 1700AD of ~130.000, and in 1800AD of ~192.000. At this
point, the population of the city becomes well-documented - Henriot et al’s The Population of
Shanghai (1865-1953) gives the population of Shanghai in 1844AD as stranding at just 289.323,
swelling to ~600.000 in 1910AD. By 1929AD, the population stood at 961.846 [365]. After this, we
use the population figures given by the UN WUP.

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 100 100 100 100 31 44 93 186 551 5.136 4.557 13.812 30.679

GT ~9-10 ~156 ~105 ~130 192 318 553 4.288 5.658 14.247 30.482
STAD = Stadestér, GT = Ground Truth (Guan, Quan et al, Cao, Cheung et al, Henriot et al, UN

WUP 2018); Thousands.

Shanghai is our second large-scale failure (after London) due to issues prior to 1000AD, leaving
us with heavy deviations (M=62,2%; SD=283%).

Sydney



Sydney’s population is particularly well-documented, being a new city, and Australian statistics
track this well. In 1796AD, it had 2.953 inhabitants, and time-series data is recorded as such:
10.815 (1828AD), 16.232 (1833AD), 19.729 (1836AD), 29.973 (1841AD), 38.358 (1846AD), 44.240
(1851AD), 53.358 (1856AD), 629.503 (1911AD), 1.863.217 (1954AD) [366][367]. After 1950AD, we
use the UN WUP 2018.

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 48 479 1.647 2.254 3.005 4.375
GT ~4 44 489 1.690 3.118 3.780 5.185
STAD = Stadestér, GT = Ground Truth (Australian Bureau of Statistics, Census 1856, UN WUP

2018); Thousands.

As Sydney is a newer city, Stadestér’s fit is very stable (M=-9,9%; SD=12,5%).

Tehran

Tehran is one of those cities for which it is easier to find references. Bosworth mentions that it
must have been founded before 1116AD, and that is certainly the case - Holliday mentions that
it was inhabited 8kya and called Cheshmeh Ali at the time of the First Shi'i Imam, a village on
the northern outskirts of Ray. At this point, it was nothing more than a village, and the first
references to Tehran occurred between 874-885AD [368][369].

By the time of the Mongol invasion, it had 12 quarters, being a considerable town. The city had
no walls, and it was still known for being a predominantly agricultural village. Its population in
1000AD therefore could not have been more than 3.000, increasing to perhaps ~6.000 by the
time of the Mongol invasions assuming 500 per quarter. It is mentioned as a particularly large
village from 1258-1336AD [370]. In 1627AD, Herbert states it had approximately 3.000 houses,
and assuming 4-8 inhabitants per house, this would give it a population of ~12.000 [371]. It
could not have been much more than this - in 1796AD, Bosworth (citing Olivier) remarks that it
did not exceed more than 15.000.

By 1836AD, this population had exploded to ~80.000 under half a century of Qajar rule,
exceeding ~100.000 by the 1890s, a figure which increased to 212.000 by 1922AD, and 540.000 by
1940AD [372][373]. After this, we use the population figures given by the UN WUP.

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 28 27 74 225 1.145 4.152 6.867 9.363
GT ~3 ~9-10 ~12 13 15 85 ~137 1.041 4.273 7.128 9.730
STAD = Stadestér, GT = Ground Truth (Bosworth, Holliday, TAVO, Britannica, Amanat, UN

WUP 2018); Thousands.

The discrepancy here is moderate (M=27,2%; SD=39,4%).



Tel Aviv

Tel Aviv is a new city when treated separately from Jaffa, founded entirely after the 19th
century in 1909AD with a housing association consisting of 60 plots, i.e. ~180-240 inhabitants at
most. In 1914AD, this had grown to 2.000 inhabitants, in 1915AD 2.679, and in April 1925AD,
some 20.000 [374][375]. By 1937AD, this had risen to 150.000, and by 1939AD 160.000.
Immediately after the end of World War II in 1945AD, it was 166.660 [376].

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025
STAD 280 600 1.633 2.628
GT 418 1.186 ~1.900 ~2.800

STAD = Stadestér, GT = Ground Truth (UN WUP 2018, GHS-POP); Thousands.

The deviation here is moderate (M=-25,6%; SD=16,8%), probably due to changing
administrative boundaries between 1948-1950AD.

Tokyo

The historical population of Edo prior to the city’s reinvention as Tokyo is taken to be one of
traditional figures - in 1530AD, prior to its formal settlement, it could be estimated at 10.000,

and was likely similar in 1500AD [377]. In 1700AD, it apparently stood at just shy of 1.000.000,
perhaps ~900.000 or so [378].

Even so, Japanese demographics are surprisingly well-documented by Wikipedia prior to the
Meiji Restoration, and here Saito writes that the population was ~430.000 in 1650AD, 1.220.000
in 1750AD, 1.150.000 in 1850AD, and 595.905 by 1873AD [Saito p. 48-63]. Of course we must bear
in mind that this includes various changes in administrative boundaries. In 1900AD, the
population stood at 1.947.300 [379].

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025

STAD 60 685 685 780 1.566 5.010 24.050 30.304 33.156

GT ~10 290 ~900 ~1.185 1.150 1.947 11.275 26.615 34.450 37.036

STAD = Stadestér, GT = Ground Truth (Harada, Hall, Saito, Tokyo Metropolitan Government,
UN WUP 2018); Thousands.

For Tokyo, discrepancies are relatively high since Stadestér consistently underestimates GT,
likely due to the effects of greater disaggregation (M=-31,7%; SD=26,8%).

Warsaw

For nearly of all Warsaw’s history, its population has been documented - at the very least by



registers under the Commonwealth. The city is first mentioned in 1313AD. In 1500AD, its
population was 4.500, increasing to 20.000 by 1596AD-1600AD. By 1611AD, the population had
presumably declined somewhat and stood again at ~14.000. From the late 16th century (1550s-
1600AD), the population was assessed at ~10.000 [380]. In 1655AD, it was 18.000, and after the
end of The Deluge in 1666AD, it was just ~6.000 [381]

By 1754AD, the city had recovered from its earlier disasters between The Deluge and the early
1700s, and the population was 24.000, increasing to 115.000 by 1792AD [382]. By the end of the
Napoleonic Wars, it was 81.250, and in 1833AD, it was ~138.746 [383]. By 1850AD it was 163.375,
increasing to 383.000 by 1882AD, and by 1903AD, the population stood at 756.000 [384][385]".

After 1950AD, we use the UN WUP 2018 to establish a consistent baseline.

1 500 1000 1500 1600 1700 1800 1850 1900 1950 1975 2000 2025
STAD 7 25 18 126 162 719 757 1.398 1.684 2.000
GT 4-5 20 ~24 ~103 163 756 768 1.444 1.666 1.800

STAD = Stadestér, GT = Ground Truth (Davies, YIVO, Kobielski, Wronski, Dawson and Davies,
UN WUP 2018); Thousands.

For Warsaw, deviations are slight (M=3,9-10%; SD=17,7-25,6%).

City Lower M Upper M Lower SD Upper SD Jaccard Index
Accra 13,1% 15,0% 37,5% 38,7% 0,375
Algiers 36% 40,8% 70% 77,2% 0,277
Bangkok -11,7% -11,7% 31,1% 31,1% 0,580
Beijing 14,4% 16,2% 44,32% 45,23% 0,421
Buenos Aires  -21,6% -21,5% 18,3% 18,3% 0,545
Cairo -2,3% -1,3% 24,8% 28,6% 0,493
Chicago 13,9% 13,9% 37,8% 37,8% 0,529
Guatemala -8,8% -5,2% 14,1% 21,2% 0,415
Istanbul 16,5% 24,6% 21,8% 27,4% 0,440
Jeddah 5,4% 20,2% 26,1% 35% 0,347
Johannesburg 14% 14% 22,5% 22,5% 0,628
Kolkata 3,3% 3,3% 24,9% 24,9% 0,403
Kuwait 13,6% 13,6% 5% 5% 0,492
Lagos -1% -1% 24,2% 24,2% 0,346
London 47,1% 59,5% 141% 151% 0,625
Los Angeles  -4% -4% 12,5% 12,5% 0,713
Manila -17,4% -11,5% 12,2% 13,7% 0,506
Mexico -23% -20,4% 22,9% 23,8% 0,542
Moscow 4,3% 7% 16,5% 20,7% 0,524
Mumbai 11,1% 11,1% 31,7% 31,7% 0,401

Nairobi 4% 4% 13,5% 13,5% 0,449



Paris -12,3% -12,3% 23,6% 23,6% 0,584

Santiago -18,1% -18,1% 17,2% 17,2% 0,482
Sao Paulo -6% -6% 19,5% 19,5% 0,615
Shanghai 62,2% 62,2% 283% 283% 0,573
Sydney -9,9% -9,9% 12,5% 12,5% 0,653
Tehran 27,2% 27,2% 39,4% 39,4% 0,316
Tel Aviv -25,6% -25,6% 16,8% 16,8% 0,439
Tokyo -31,7% -31,7% 26,8% 26,8% 0,687
Warsaw 3,9% 10% 17,7% 25,6% 0,478
Total (Avg.)  2,66% 3,91% 37,47% 39,35% 0,532

Figure 39. Mean deviations and Jaccard indices for each of the Global 30 for population and

spatial expansion.

Out of our sample of 30 literature reviews, Stadestér failed 2 of them for the deep past, namely
those of London and Shanghai, which deviated massively from accepted scholarly estimates
(M=47,1%-59,5%; SD=141-151%) and (M=62,2%; SD=283%) respectively. Even including these
outliers, average deviations across all 30 cities were relatively low, albeit with a moderately

large spread.

The Jaccard indices between Angel’s map of spatial expansion and Stadestér’s proxied spatial
expansion between 1800AD-2000AD are also a tight fit at M=0,532 considering the difference in
spatial resolution - Stadestér has a 5-arcmin resolution, and Angel’s resolution as evaluated is at
30-arcsec [386].

Margins of Error

At a global level we estimate that our deviations are consistently off by perhaps 20-30% from
period-appropriate estimates (M=-17,4%; SD=13%, n=121), whilst this varies regionally from a
low of (M=0,84%; SD=0,24%) in Europe to a high of (M=13,49%; SD=1,70%) in terms of regional-

level spatial deviations (n=12).
At the most granular level of individual cities, we estimate that Stadestér is off by 20-30% on

average, even if overall means and standard deviations are nominally lower (M=2,66-3,91%;
SD=37,47%; min=31,7%; max=62,2%).

Results

Note. For a complete listing of supplementary tables, datasets, and software, view the
Appendix.



Stadestér Urban Population Heatmaps by Year (Log Scale)
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Figure 40. Urban gridcell heatmap for selected benchmark years in Stadestér-GHSL, metro
adjusted (LAD-2025AD).

Historical maps and data have been constructed for urban, rural, and total populations and
estimates, including discrete city-by-city objects in JSON format, for all ~41.000 cities. In
addition, maps are at a consistent 5-arcmin resolution with global coverage, and are generated
at 1000-year intervals from 10000BC-1AD, at 100-year intervals from 1AD-1700AD, at 10-year
intervals from 1700AD-1950AD, and at 1-year intervals annually since to the Present (2025AD).
All raster series are available from 10000BC-2025AD.

This was chosen to match the resolution provided by HYDE so that Stadestér could act as a
supplement/alternative to its data, particularly for urban areas. Discontinuities between
Stadestér Base and Stadestér-GHSL are deliberately smoothed over by performing a partial
union for Stadestér Base data, where if a particular pixel is empty, base data is used to write to



that pixel instead.
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Figure 41. Number of datapoints for area/density/population per world region (3000BC-
2025AD).

In terms of discrete cities, data on area, density, and population is provided at annual
resolution, especially after 1800AD, and are matched to modern satellite-based data from GHSL
post-1975AD. Input models such as that used for LUH2/KK10 are presented separately and
given in supplemental materials. 30.019 of these cities are given in Stadestér Base and a
additional 11.195 in Stadestér-GHSL, making this dataset a nearly 17-24x increase in size over
previous peer datasets such as Reba et al.

For comparison, the UN WUP includes only 1.860 settlements, though these are filtered for
urban areas with a population >300.000, and only to 2018AD, whereas our data runs until
2025AD (albeit using GHSL projections) [234]. There is a qualitative difference too - it encodes
areal as well as density proxies, even if these proxies are intrinsically modelled for periods
prior to 1975AD.



Figure 42. Urban population heatmaps from generated rasters for selected benchmark years
(1AD-1900AD).

Certainly we hope that plenty of the internal models as used in the construction of this dataset
will be useful to others. There are for instance, a great deal of hindcast models for historical
urban expansion [387][388][389]. We would like to think that our model of historical forecasting
is a somewhat original and more generally-applicable choice since it allows for out-of-sample

testing and is generally applicable to all locations so long as a population history of that place



exists.
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Figure 43. Animated heatmap of global population as modelled by Stadestér (10000BC-
2025AD).
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Figure 44. Animated heatmap of urban populations as modelled by Stadestér (10000BC-
2025AD).
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Figure 45. Animated heatmap of rural and peri-urban populations as modelled by Stadestér
(10000BC-2025AD).

We have also produced time-series animations of Stadestér’s models of total population (Figure
43), urban population (Figure 44), and rural population (Figure 45) to help visualise population
changes, the R code for which is included in the source repository. Note that scales are relative
to the minimum and maximum populations of all cells for that specific year. If these

animations do not render on your device, consider clicking on the link by Figure n.

Additionally, Stadestér is granular enough such that it is capable of visualising losses in
urbanisation due to historical events such as plagues or wars, should their effects be
pronounced enough, such as those of the Tokaido Belt during World War II or the
depopulation of Central Europe in the Thirty Years’ War become visually apparent [390][391].
We would like to caution, however, that such data is not fine-grained enough for population
analysis at a yearly-resolution, but only the event as a whole.

It is of course always possible that some better project than this exists for the same purpose
outside of the sources we have named here. However, to our knowledge, this is the largest
extant historical dataset for urban, rural, and global populations. Regional gridded datasets
(i.e. for China, Spain, or the United States) also exist, but are typically focused only on the
recent past (1700s/1800s-2025AD) [392][393][394].


https://i.postimg.cc/mrFj7VJX/stadester-rural.gif

Tokaido Belt / 1ha = 1ihb

Figure 46. Map of urban population shrinkage in the Tokaido Belt during World War II,
Stadestér (1939AD, 1946AD).

Central Europe / 1ha = lihb

Figure 47. Map of urban population shrinkage in Central Europe due to the Thirty Years’ War,
Stadestér (1618AD, 1650AD).

The contents of Stadestér as a complete dataset are as follows, excluding raw input and
intermediate data, which is also provided in the appendix. An asterisk denotes a dataset which

is available at the HYDE resolution previously discussed, whereas no asterisk indicates annual
1-year resolution.

e Global Population Rasters (~10000BC-2025AD)*
e Global Rural Rasters (~10000BC-2025AD)*
e Global Urban Rasters (~3000BC-2025AD)*



e Metro-adjusted (GHSL), JSON and Rasters

e Metro-adjusted (Non-GHSL), JSON and Rasters

e Non-metro adjusted (GHSL), JSON and Rasters

e Non-metro adjusted (Non-GHSL), JSON and Rasters

For most users of our dataset interested in the distribution of urban population, we
recommend utilising the main metro-adjusted Stadestér-GHSL version of our data, whereas
non-metro adjusted versions are preferable for discrete urban population histories. JSON files

include area and density proxies.

Limitations

A brief retelling of our flaws and faults are in order. With a database as vast as this, it has
obviously proven a great challenge to systematically flag every stray pixel or population result,
and there may exist the occasional edge case for merging or scraping logic, which mainly uses

concurrent distance-based clustering in a literal sense [395].

The most significant outliers we discovered in our manual copychecking of the dataset are as

follows:

1. The overstatement of the population of Barrow, Alaska in 1900AD (where it is listed as
~53.000), when the population should be no more than 658 [396],

2. An overlooked outlier mask for Jakarta in our population rasters which causes
anachronistically high population for the region due to HYDE (though this is not
present in our principal urban datasets),

3. Bristol being duplicated after 1500AD due to the incorrect coordinates being transcribed
for the city for de Vries,

4. Cincinnati being registered as a city prior to 1800AD with 10.000 inhabitants due to
errors with Reba et al’s transcription, as the Fort Ancient culture was not known to be in
the immediate vicinity of the city [397],

5. Certain scraping issues with individual British nations (i.e. Scotland, Wales, Northern
Ireland) for Populstat, sometimes resulting in their exclusion. This had to be manually
fixed.

What can we learn from the outliers we encountered in our research? We can at least infer that
their qualitative nature should tell us that outliers in Stadestér are generally not as severe as
those found in HYDE/Reba et al, and that more importantly, they are not meaningful enough to
affect the overall distribution of regional population. This is also quantitatively likely to be the

case (Margins of Error).



Known Inaccuracies

There are also several regional inaccuracies present within the KK10/LUH2 fallback model that
we used for Stadestér Rural where outliers were present. These mainly come down to
overestimations of population in historically sparse areas, and we feel the need to disclose
them here since we have not yet begun the task of reliably calibrating their regional

populations.

Only Siberia is seriously affected by this issue (having an erroneous pre-Russian population of
4M as compared to ~900k-1,2M), but there may be smaller regional pockets in which
ahistorically high populations may persist. The root of the problem is due to imprecision in our
OCR/graph extraction software (due to clumping and zoning issues) regarding Nelson as
opposed to any issues with the technique itself [398].

Additionally, our work on modelling Native American populations is preliminary and should
be treated as such, though it represents a likely improvement over HYDE or other historically

gridded population models.
Metro-Adjustment Algorithms

One must also be careful in how the spatial disaggregation of otherwise agglomerative effects
should be interpreted, since formal metropolitan administrative divisions do not always neatly
align with agglomerations. Suburbs and the metros they belonged to were determined via

semantic analysis of Populstat tables after proximity merging.

Because of WGM merging (Definition 2), populations in metro-adjusted datasets when analysed
discretely (instead of as a raster) may fluctuate heavily year-by-year, and this must be kept in-
mind when using the non-raster data from the recommended dataset. Additionally,
agglomerative definitions are quite subjective, even if Lahmeyer typically encoded such

relations based on modern census definitions [399].

Conclusion

‘Most of the books and papers mentioned so far have been written by people who were not trained as
historical demographers ... this is not chance: very few [...] are interested in population figures except
at a parochial level. What they like best is writing papers - long papers, on small subjects, with no
conclusions’. - McEvedy and Jones (p. 358).

Much work remains to be done. In particular, we wish to embark on a systematic reassessment

of Chandler and Modelski, whose ‘issues ... are well known to scholars of urban and



demographic history. And so, ‘What can be done?’. The answer is naturally to build a better
dataset, starting with the cities of antiquity, yet such work has not been achieved in the

archaeological field [72].

We hope that Stadestér 1.0 represents at least a stepping stone on that path towards better data,
and we encourage the reader to embark on this great compilation of data, with a reputable

source or estimate for each figure, for we are amateurs too.

There are also additional supplemental datasets that we have linked in the appendix for your
use - Velkscala 0.7 which we mentioned in our rural substrata modelling, as well as Eoscala 1.2
which contains gridded GDP PPP estimations per gridcell based on Maddison Project and
Global GDP disaggregation, LU/Population variables, and rolling OLS regression. Eoscala 1.2 is
currently a pilot project, and so we would advise one to avoid it until future work on Velkscala
1.0/Eoscala 1.5 can be achieved [Kitzchen].

Production repositories for both Constele Red and Stadestér are located on GitHub if one is
inclined to use the latest versions of each dataset/application [Constele Red][Stadestér]. To
reproduce these results from original input datasets, call console
generateMetroCorrectedBase() or console generateNonMetroCorrectedBase()
depending on the version you would like to reproduce. We also provide static mirror versions
of both Constele Red and Stadestér 1.0 as-is for end-use if you do not feel like manually

installing or configuring dependencies.

It is highly unlikely that this body of work will ever amount to much in interest or profit, apart
from perhaps saving some poor researcher in the next century a couple of months. And if that

is the case, then we are glad to have done it.
Appendix

Processed Datasets
e Global Population Rasters (~10000BC - 2025AD) | [1.0, Gdrive][1.0, GitHub][1.0, Proton]
¢ Global Rural Rasters (~10000BC - 2025AD) | [1.0, Gdrive][1.0, GitHub][1.0, Proton]
e Global Urban Rasters (~3000BC - 2025AD) | [1.0, Gdrive][1.0, GitHub][1.0, Proton]
e Metro-adjusted, GHSL (JSON and Rasters) | [1.0, Gdrive][1.0, Proton]
e Non-Metro, GHSL (JSON and Rasters) | [1.0, Gdrive][1.0, Proton]

e Constele Red [GitHub] | [0.3b, Gdrive] - Used for visualising Stadestér results. If you
wish to install 0.3b in situ, use the Gdrive link.

e Stadestér CLI [GitHub] | [1.0, Gdrive] - Used for processing Stadestér. If you wish to
install 1.0 in situ, use the Gdrive link.



https://confoederatio.org/papers/Eoscala%201.0_Velkscala%200.5_%20A%20Gridded%20Reconstruction%20of%20Global%20GDP%20and%20Population%20from%2010000BC%20to%20the%20Present-4.pdf
https://github.com/Confoederatio/Constele-Red
https://github.com/Confoederatio/Stadester
https://drive.google.com/drive/folders/1GAk6A_y9jUHhP_08lnRCc5KrymNqhxoT?usp=drive_link
https://github.com/Confoederatio/Stadester/tree/main/output/stadester_population_rasters
https://drive.proton.me/urls/BABMZH16D8#hXQDzj5VWatY
https://drive.google.com/drive/folders/1wb4KR5uSfWGHDArYeCsqcKfJl_TDl_Rr?usp=drive_link
https://github.com/Confoederatio/Stadester/tree/main/output/stadester_rural_rasters
https://drive.proton.me/urls/21R0ABYXXC#nF65cgIPp7Za
https://drive.google.com/drive/folders/1DVd5uQObgIBvYgsvD10rtDpWp-qq9Rir?usp=drive_link
https://github.com/Confoederatio/Stadester/tree/main/output/stadester_urban_rasters
https://drive.proton.me/urls/S88CPDQ42W#D8fVia7FBqs1
https://drive.google.com/drive/folders/1nkg7zsYKyQJgE5EAONTVWrBJSa5Sp7sd?usp=drive_link
https://drive.proton.me/urls/3H7R95AN10#vQQqlaUZ6vXP
https://drive.google.com/drive/folders/1ZajzbxpXf1CW8yWdvvNCDeHhQ7S118K1?usp=drive_link
https://drive.proton.me/urls/BR0SCP1T54#5zfcCuWKFWUI
https://github.com/Confoederatio/Constele-Red
https://drive.google.com/file/d/1vkNh8XKzcjK_eL8d8nUDw143TXAGFCEU/view?usp=sharing
https://github.com/Confoederatio/Stadester
https://drive.google.com/file/d/1pfphW9u_OJ5mTsXhpXBUcz6_cvYYgy7k/view?usp=sharing

Secondary Datasets

Eoscala [1.2, Github] - Gridded GDP PPP per gridcell, 5-arcmin. Not updated to Stadestér
data. GitHub link is to preliminary release.

Velkscala [0.7, Github] - Gridded substrata populations, 5-arcmin. Hybridised with
KK10/LUH2 and used for substrata processing. GitHub link is to production.

Tables

120 Largest Cities (by max. area, density, or population) | [CSV, Gdrive][CSV, GitHub] |
[Figure 33]

120 Largest Cities in Central Asia | [CSV, Gdrive][CSV, GitHub] | [Figure 48]

120 Largest Cities in East Asia | [CSV, Gdrive][CSV, GitHub] | [Figure 49]

120 Largest Cities in Eastern Europe & Russia | [CSV, Gdrive][CSV, GitHub] | [Figure 50]
120 Largest Cities in Europe | [CSV, Gdrive][CSV, GitHub] | [Figure 51]

120 Largest Cities in the Indian Subcontinent | [CSV, Gdrive][CSV, GitHub] | [Figure 52]
120 Largest Cities in Latin America | [CSV, Gdrive][CSV, GitHub] | [Figure 53]

120 Largest Cities in Maghreb-Egypt | [CSV, Gdrive][CSV, GitHub] | [Figure 54]

120 Largest Cities in the Middle East | [CSV, Gdrive][CSV, GitHub] | [Figure 55]

120 Largest Cities in Northern America | [CSV, Gdrive][CSV, GitHub] | [Figure 56]

120 Largest Cities in Oceania | [CSV, Gdrive][CSV, GitHub] | [Figure 57]

120 Largest Cities in Southeast Asia | [CSV, Gdrive][CSV, GitHub] | [Figure 58]

120 Largest Cities in Sub-Saharan Africa | [CSV, Gdrive][CSV, GitHub] | [Figure 59]
Global urban/rural population shares compared to HYDE/UN | [CSV, Gdrive][CSV,
GitHub] | [Figure 26]

Regional urban/rural population shares compared to HYDE/UN | [CSV, Gdrive][CSV
GitHub]

Note. Tables below treat Stadestér Base and GHSL cities separately, meaning that if a city only

has population entries after 1975AD, it belongs to GHSL rather than Stadestér Base, and vice

versa. Some names have been truncated for brevity. All figures are drawn from metro-adjusted
Stadestér-GHSL.

Actual raster data (i.e. in Stadestér Urban) treats both cases as persistent.

#

[ ]GHSL /[ ] Stadestér Base. Population figures are given in thousands.

Name Population Max. (km~2)
Current Hist. O 1000 1500 1800 1900 1950 1975 2025 Area Density
Karachi 0 0 0 0 0 0 4.538 21.032 834 25.218
Lahore 0 0 0 0 0 0 4.315 14.305 898 15.930
Kabul 0 0 0 0 0 0 723 6.255 371 16.859

Faisalabad 0 0 0 0 0 0 1.075 5.677 326 17.413


https://github.com/Confoederatio/Eoscala-Velkscala/releases/tag/eoscala-1.2-velkscala-0.7
https://github.com/Confoederatio/Eoscala-Velkscala-Production
https://drive.google.com/file/d/1aYePxbi9UKtdWIWB8macfAUt7vhgtbYf/view?usp=drive_link
https://github.com/Confoederatio/Stadester/blob/main/output/stadester_visualisations/7.appendix/global_120.csv
https://drive.google.com/file/d/1QiHsKVoD_wmXQBZ6xSMa3HGLKOjpRQQ2/view?usp=sharing
https://github.com/Confoederatio/Stadester/blob/main/output/stadester_visualisations/7.appendix/central_asia_largest_120.csv
https://drive.google.com/file/d/1fVg_3n3pU8Tj0GLkPil7VwbU6cLOKJU8/view?usp=drive_link
https://github.com/Confoederatio/Stadester/blob/main/output/stadester_visualisations/7.appendix/eastasia_largest_120.csv
https://drive.google.com/file/d/1Aivnhln-KkiYyg1wVIkNJdDRpgEUey1y/view?usp=drive_link
https://github.com/Confoederatio/Stadester/blob/main/output/stadester_visualisations/7.appendix/eastern_europe_and_russia_largest_120.csv
https://drive.google.com/file/d/1cNM3_O6kwRc0PvW0M_JohAY_bgCK54OG/view?usp=drive_link
https://github.com/Confoederatio/Stadester/blob/main/output/stadester_visualisations/7.appendix/europe_largest_120.csv
https://drive.google.com/file/d/1cit1Kosvj7V28z244fsSONQAztv2W3rY/view?usp=drive_link
https://github.com/Confoederatio/Stadester/blob/main/output/stadester_visualisations/7.appendix/indian_subcontinent_largest_120.csv
https://drive.google.com/file/d/1llKf9jJ1Zv-HxXTJNExzvctFK5e6QMva/view?usp=drive_link
https://github.com/Confoederatio/Stadester/blob/main/output/stadester_visualisations/7.appendix/latin_america_largest_120.csv
https://drive.google.com/file/d/1lDTq-yz1N0NMIdV0pp9ds5KJFARKx0yE/view?usp=drive_link
https://github.com/Confoederatio/Stadester/blob/main/output/stadester_visualisations/7.appendix/maghreb_egypt_largest_120.csv
https://drive.google.com/file/d/14bLCV3CvraCWwVMqEDsAA-47d9-gu7j-/view?usp=drive_link
https://github.com/Confoederatio/Stadester/blob/main/output/stadester_visualisations/7.appendix/middle_east_largest_120.csv
https://drive.google.com/file/d/1iEfOYW7DA8LwyGJXet5FdaCw69cI5lvE/view?usp=drive_link
https://github.com/Confoederatio/Stadester/blob/main/output/stadester_visualisations/7.appendix/northern_america_largest_120.csv
https://docs.google.com/spreadsheets/d/1eTB-TxivBaG2G5pxXQwpv-4T9rnnY2MvVX3pQa4GJes/edit?usp=drive_link
https://github.com/Confoederatio/Stadester/blob/main/output/stadester_visualisations/7.appendix/oceania_largest_120.csv
https://docs.google.com/spreadsheets/d/13GgS40IkI6NwJxRIqDdHc1ZaBHWnCSRsOOqFxck_tNI/edit?usp=drive_link
https://github.com/Confoederatio/Stadester/blob/main/output/stadester_visualisations/7.appendix/southeast_asia_largest_120.csv
https://docs.google.com/spreadsheets/d/1SRRVz2ONG0KkAKOeLvTTUV5UsbhQw1iGxo56GBXzXNY/edit?usp=drive_link
https://github.com/Confoederatio/Stadester/blob/main/output/stadester_visualisations/7.appendix/sub_saharan_africa_largest_120.csv
https://drive.google.com/file/d/1NKWhgOOxm96QFcWdtLx4Fg7HNIsjt7nF/view?usp=drive_link
https://github.com/Confoederatio/Stadester/blob/main/output/stadester_visualisations/7.appendix/global_urbanisation.csv
https://github.com/Confoederatio/Stadester/blob/main/output/stadester_visualisations/7.appendix/global_urbanisation.csv
https://docs.google.com/spreadsheets/d/1UZYgFnXo53LNnGLwJwDcQkl8aPRUvIru3qCWR7wfsYY/edit?usp=drive_link
https://github.com/Confoederatio/Stadester/blob/main/output/stadester_visualisations/7.appendix/regional_urbanisation.csv
https://github.com/Confoederatio/Stadester/blob/main/output/stadester_visualisations/7.appendix/regional_urbanisation.csv
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79  Pakpattan 0 0 0 0 0 0 123 338 29 17.568

80 Rawalpindi Raulpindi 0 0 0 0 86 188 0 0 20 78.655
81 Gujrinwala Gljranwalah, 0 0 0 0 29 117 0 0 41 17.506
Gajranwala,

Goojranwalla

82 Peshawar 0 0 0 0 94 173 0 0 34 16.791

(agglomeratio

n)
83  Jizzakh 0 0 0 0 0 0 200 357 101 3.535
84  Ghazni 0 0 0 0 0 0 355 89 23 17.763
85  Mirpur Khas 0 0 0 0 0 0 110 348 29 14.216
86 Khost 0 0 0 0 0 0 0 339 128 3.267
87 Karaganda 0 0 0 0 0 0 327 304 63 5.643
88 Takht Bhai; 0 0 0 0 0 0 0 333 93 7.467

Jalala;

Shergarh
89 Gojra 0 0 0 0 0 0 92 333 26 13.849
90 Muridke 0 0 0 0 0 0 106 328 40 10.818
91 Yar Hussain; 0 0 0 0 0 0 0 328 71 6.501

Colonel Sher

Kalay;

Turlandi
92 Narowal 0 0 0 0 0 0 68 321 30 14.554
93 Jaranwala 0 0 0 0 0 0 94 318 24 14.489
94  Wazirabad 0 0 0 0 0 0 71 317 45 10.297
95 Burewala 0 0 0 0 0 0 74 314 40 10.114
96 Talogan 0 0 0 0 0 0 307 40 7.687
97  Jacobabad 0 0 0 0 0 0 0 305 27 12.255
98 Mandi 0 0 0 0 0 0 70 304 34 9.742

Bahauddin
99  Nukus 0 0 0 0 0 0 166 290 74 4.049
100 Nawabshah 0 0 0 0 0 0 91 298 27 11.859
101  Qogand 0 0 0 0 0 0 102 297 81 3.662
102 Pavlodar 0 0 0 0 0 0 195 263 61 5.220
103 Semey 0 0 0 0 0 0 228 292 91 4.400
104 Samarqand Samarkand, 100 80 60 50 60 158 0 0 3 105.174

Afrosiab,
Maracanda

105 Shikarpur 0 0 0 0 0 0 82 284 18 17.755
106 Shahrisabz 0 0 0 0 0 0 0 283 87 3.257
107 Khanewal 0 0 0 0 0 0 80 275 46 7.815
108 Hazro; 0 0 0 0 0 0 0 281 73 3.879

Ghorghushti

109 Symkent Shymkent, 0 0 0 0 12 110 0 0 34 17.388
Chimkent,

Isfidshab
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29 16.948
39 11.348
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19 15.875
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66 3.959
53 4.896
16 17.160
23 20.994
26 9.754
30 8.423

Figure 48. Table of the 120 largest cities by maximum population, alongside

area/density/population statistics, Central Asia.

[ ]GHSL /[ ] Stadestér Base. Population figures are given in thousands.
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Shijiazhuang Shihkiachwan ¢ 0 0 0 0 268 0 0 134 17.410
g, Shih-chia-
chuang
Xining 0 0 0 0 0 0 496 1.424 146 11.391
Guiyang Kweiyang, 0 0 16 65 95 254 0 0 168 17.243
Kuei-yang
Tobata 0 0 0 0 0 85 0 0 166 24.961
Nagoya 0 0 0 91 126 526 0 0 85 70.216
Nara 0 0 0 0 0 0 1.329 958 392 3.500
Kobe Hiogo (as a 0 0 0 21 239 682 0 0 145 30.540
part of it)
Hiroshima 0 0 0 0 0 0 1.233 1.150 343 4.414
Kaifeng 421 1.296 193 7.509
Senda 783 1.270 298 4.285
Figure 49. Table of the 120 largest cities by maximum population, alongside
area/density/population statistics, East Asia.
[ ]GHSL /[ ] Stadestér Base. Population figures are given in thousands.
Name Population Max. (km~42)
Current Hist. O 1000 1500 1800 1900 1950 1975 2025 Area Density
Moscow | 0 0 0 0 0 0 8.507 14.384 1.545 9.366
Moskva Moscow 0 0 81 247 1.088 4.345 0 0 1.188 18.996
Saint Petersburg| 0 0 0 0 0 0 3.654 4.879 550 8.871
St Petersburg 0 0 0 245 1.291 3.010 0 0 379 19.088
Kyiv 0 0 0 0 0 0 1.936 2.575 422  7.286
Minsk 0 0 0 0 0 0 1.073 2.094 245 8.590
Kyjiv Kiev, Kiiv, 0 44 40 20 257 938 0 0 308 17.390
Kyyiv
Kharkiv 0 0 0 0 0 0 1.411 1.284 238 7.051
Ni"'znij 0 0 55 13 94 794 0 0 259 17.579
Novgorod
Yekaterinburg 0 0 0 0 0 0 1.420 1.102 208 8.229
Charkiv Charkov, 0 0 0 10 188 861 0 0 251 18.096
Kharkov
Nizhny 0 0 0 0 0 0 1.318 1.190 232 6.454
Novgorod
Novosibirsk 0 0 0 0 0 0 1.236 1.343 281 6.211
Novosibirsk Novonikolay 0 0 0 0 595 0 0 136 12.798
evsk
Omsk 0 0 0 0 0 0 1.114 869 250 5.334
Minsk Ménesko, 0 0 4 13 136 614 0 0 195 14.869
Minsk
Litewski,
Minsk
Biatoruski
Belgrade 0 0 0 0 0 0 815 1.201 195 6.286
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Figure 50. Table of the 120 largest cities by maximum population, alongside

area/density/population statistics, Eastern Europe and Russia.

[ ]GHSL /[ ] Stadestér Base. Population figures are given in thousands.

Name
Current Hist.
London
Paris
London Londinium
Madrid
Ruhr
Paris Lutetia
(Lutetia
Parisiorum),
Parisii
Kensington
and Chelsea
Berlin
Barcelona |
Berlin
Roma Rome, Rom
Athens |
Milano Milan,
Milaan,

Mailand,
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0
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50

35

80

Population
1900
0 0
0 0
768 0
0 0
0 766
533 1.894
773  3.389
123  1.613
0 0
0 0
146 444
0 0
127 423

1950

1.893
1.714

1.761

2.796

1.645

1.059

363 245 90 4.787
268 399 76 5.420
0 0 56 16.607
299 356 69 6.236
0 0 64 13.737
152 398 70 6.154
193 395 55 7.188
0 0 59 13.408
301 352 129 4.066
0 0 54 14.314
314 280 53 7.423
Max. (km~2)
1975 2025 Area Density
7.393 10.408 1.649 6.312
7.398 9.328 1.421  6.565
0 0 725 54.898
2.947 5.680 680 8.504
0 0 488 11.187
0 0 310 110.269
0 0 272 16.026
0 0 415 36.891
2.232 3.908 438 8.959
3.021 3.550 687 5.213
0 0 413 20.795
2.931 3.167 417 8.411
0 0 359 23.285
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Figure 51. Table of the 120 largest cities by maximum population, alongside

area/density/population statistics, Europe.

[ ]GHSL /[ ] Stadestér Base. Population figures are given in thousands.

Name
Current Hist.
Dhaka
Ghaziabad
Kolkata
Mumbai
Bengaluru

Chennai;
Tambaram;
Avadi

Hajipur;
Muzaffarpur

Hyderabad
Ahmedabad

Kozhikode
Surat

Pune
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1975
4.762
6.273
10.922
8.505
2.423
4.573

764

2.917
2.623
578
990
2.459

2025
37.307
31.423
23.315
20.453
15.179
11.466

9.755

9.455
7.899
7.612
7.101
6.674

187 3.686
173 3.935
56 17.515
219 3.038
47 22.406
204 3.775
87 20.482
178 3.656
80 18.545
171 3.899
208 3.211
62 123.418
76 10.693
59 22.555
89 18.056
101 16.038
Max. (kmA2)
Area Density
6.611  7.485
2.139 14.690
2.482  13.287
738 27.714
1.008  15.860
1.052  12.785
3.166  7.487
889 10.636
365 21.640
1.341 11.563
296 23.989
580 11.507
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18.412
14.356
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8.147
15.122
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10.605
12.152
10.641
8.223
12.472
10.265
6.433
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Amdabad

Bengaliru,
Bangalur
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Bibhutpur
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Aligarh
Thrissur
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Jabalpur

Haiderabad,
Haider-Abad
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Bareilly
Dhulian
Marhaura

Rajkot
Vasai-Virar
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Jodhpur

Dhaka Dacca

Gwalior

Raipur
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Mehsi

Moradabad
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358
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1.870
1.818
1.694
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1.634

1.621

1.609
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1.559
1.554
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1.543
1.541

1.529
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1.447
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1.376
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1.300
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607
200
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115
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173
594
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652
108
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194
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585
131
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132
128
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96
132
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169

183.501

18.250

3.630
10.088
19.544

6.069

9.211

11.028
24.695

21.037
5.846
2.485

12.826

12.147

13.337
6.692

45.789

13.915
8.836

11.716

12.094
2.903

17.759
7.666
9.761

7.092
15.179
23.093
10.586
11.945
18.254
12.451

9.941
16.452

9.244
13.873

6.502
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327
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237
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418
617
266
351
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154
0
0
234

1.157
1.174

943
1.171
1.161
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1.072
1.059

1.002
992
988
872
978
970
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948
938

917
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829
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830
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827
825
0
0
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268
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70

224
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30
49
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Figure 52. Table of the 120 largest cities by maximum population, alongside

area/density/population statistics, Indian Subcontinent.
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14.604
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12.140
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8.599
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166.958
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[ ]GHSL /[ ] Stadestér Base. Population figures are given in thousands.

Name

Current Hist.

Sao Paulo
Mexico City
Buenos Aires
Lima; Callao
Bogota;
Soacha

Rio de Janeiro
Sdo Paulo
Santiago

Rio de Janeiro
Santo
Domingo
Belo
Horizonte
Guadalajara
Monterrey
Recife

Ciudad de
México
Fortaleza

México,
Mexico City

Salvador

Lima

Medellin

Guayaquil

Caracas

Guatemala

City

Bogota

Porto Alegre

Funza

Cali

Quito;

Sangolqui

Curitiba

Goiania

Buenos Aires Ciudad de
Nuestra

Sefiora Buenos

Aires
Manaus
Port-au-
Prince
San Jose
Belem
Barranquilla
Maracaibo
El Alto; La Paz
Santa Cruz de
la Sierra
Puebla
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0
0
0
0
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0 0
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0 0
44 614
0 0
0 0
0 0
0 0
0 0
107 266
0 0
0 0
54 121
0 0
0 0
0 0
0 0
20 120
0 0
26 181
0 0
0 0
0 0
0 0
35 672
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
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2.294

2.108

782
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1975 2025

10.645 19.485
11.138 17.639
8.567 14.180
3.549 10.828
3.396 10.419

5.966 9.854
0 0
2.826 6.634
0 0
1.149 4.593

1.319 4.377

2.004 4.138
1.623 4.011
1.810 3.848

0 0

1.022
1.237

3.324
3.305

1.924 3.215
933 3.248
2.427 2.667
1.131 2.901

1.197 2.763
1.152 2.692
635 2.606

734  2.513
211  2.457

367  2.369
974 1.733

623  2.273
724 2.192
848 2.167
827 2.142
752  2.064
167 2.017

570 1.950

Max. (kmA2)
Area Density
2.111 9.273
2.134  9.029
2.186  6.487
984  11.004
534  19.512
1.285 7.668
1.616 18.570
801 8.282
769 26.104
483  9.510
609 7.187
598 7.389
685 5.889
491 7.836
295 36.766
413 8.049
323 10.233
475 18.743
233 14.118
315 10.343
311 10.178
470  6.296
490 16.159
599 4.672
433 14.667
186 14.471
380 6.857
566 4.479
531 4.628
357 145.062
272 8.709
275 9.880
491 4.628
273 8.031
157 13.800
295 7.358
291 7.092
303 6.656
375 5.231
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Campinas
Ceilandia
Asuncion
Sao Goncalo
Havana

San Salvador

Tegucigalpa

Belo Bello

Horizonte Horizonte;
Cidade de
Minas

Panama

Valencia

Toluca

Tijuana

Cordoba

La Habana  Havana

Managua

Leon

Montevideo

Porto Alegre

Torreon

Cochabamba

Recife Pernambuco

Salvador Baia, Bahia,
Salvador do
Bahia, Sdo
Salvador

San Pedro

Sula

Vila Velha

Ciudad Juarez

Sao Luis

Santiago Santiago de
Chile

Nezahualcéyo

tl

Caracas San Ledn de
Caracas

Montevideo

Rosario

Gustavo A. Villa Gustavo

Madero A. Madero,
Guadalupe
Hidalgo

Natal

Santos

Joao Pessoa
Mendoza
Maceio
Bayamon
San Luis
Potosi
Arequipa
Maracay

Trujillo
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83
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859
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1.354

313
195

185

283
519
210

705

361
660
164
468
275
370
412

265
315
286

1.834
1.799
1.175
1.735
1.633
1.616
1.654

1.612
1.601
1.594
1.538
1.468

1.436
1.384
1.219

1.364
1.358

1.302

1.292
1.215
1.272

1.187

1.133
1.128
1.120
1.063
1.046
749
1.005

1.005
866
991

434
283
477
296
323
264
163
240

277
330
395
294
320
156
216
202
237
279
233
293
186
163

211

203
298
242
167

102

26

225
199
154

210
158
198
208
163
327
173

166
182
94

4.227
6.563
3.808
5.861
5.758
7.189
10.144
14.773

5.821
5.205
4.036
5.232
4.930
18.638
6.649
6.932
5.872
14.528
5.853
4.633
17.045
17.821

6.169

6.364

4.384

5.257
140.157

12.519

328.681

13.253
6.344
9.296

5.396
7.140
5.658
5.112
6.418
3.116
6.063

6.053
6.290
10.547
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115
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Cartagena
Aracaju
Campo
Grande
Queretaro
Barquisimeto
Monterrey =~ Monterey
Bucaramanga

Medellin
Aguascaliente

s

Cérdoba

Rosario Rosario de

Santa Fé
Santo
Domingo
Cuernavaca;
Temixco
Guayaquil
Merida
Valparaiso
Sao Jose dos
Campos
Chihuahua
Curitiba
Cucuta
Cali
San Justo

Curytiba

La Matanza
(municipality
incl. La
Tablada,
Tapiales)
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Hermosillo
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0
248
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87
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386
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289
555
137

334

245

61
208

454

202
168
237

361
0
0

986

983
926
921
911

909
854

894

878

866

853
838
836

832

817

802
779

763

737
736
689

712
0
0

133
170

197
114
140
249

169
139
137
67
67
142

125
98

139

196

120
182
152
192

192
143
114
5.285
130

236
162
111
100
201
112
161
151
144
91

70
147
89
86

Figure 53. Table of the 120 largest cities by maximum population, alongside

17.260
5.802

5.016
8.538
6.581
3.658

5.378
6.495
17.240
13.338
43.536
6.285

19.747
16.640

25.348

4.420

24.226
4.686
5.516
4.353

4.345
14.960
7.168
16.422
15.746

3.398
4.894
19.895
23.233
3.795
9.883
4.575
5.176
5.140
16.785

12.790
4.845
20.811
15.634
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area/density/population statistics, Latin America.

[ ]GHSL /[ ] Stadestér Base. Population figures are given in thousands.

Name
Current Hist. 0]

Cairo; Giza 0
Qahirah, Al- Al-Qahirah, 0

Cairo, Al-

Qabhira, El-

Qahira, Masr

el-Kahira,

Kairo
Alexandria 0
Luxor 0
Casablanca 0
Algiers 0
Tunis 0
Iskandariyah, Al- 1.000
Al- Iskandariyah,

El-

Iskandariya,

Alexandria
Rabat 0
Banha 0
El Mansura 0
Dar el Beida Casablanca, 0

Dar-el-Beida,

Ad-Dar al-

Bayda
Fez 0
Tangier 0
Al Zaqaziq 0
Oran 0
Tripoli 0
El-Djazair Alger, Algiers, 0

El-Jazair, El-

Djezair
Marrakesh 0
Asyut 0
Suhaj 0
El Mahalla El 0
Kubra
Jizah, Al- Al-Jizah, Al- 0

Giza, Giza,

Gizeh, El-Giza
Tanta 0
Agadir 0
Port Said 0
Badrashayn, Al-Badrashayn 198
Al-
Meknes 0
Mit Ghamr 0
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Population
0 0
171 503
0 0
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0 0
0 0
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5 345
0 0
0 0
0 0
0 9
0 0
0 0
0 0
0 0
0 0
78 31
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
789 821
0 0
0 0

0
2.974
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=
N
w
N

644
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120
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1975
7.420
0

2.547
92
1.756
1.521
698

606
124
413

437
255
338
455
455

322
277
224
385

384

282

316
130

Max. (km~42)

2025 Area Density
25.230 1.680 15.018
0 908 18.380
6.931 439 15.789
6.314 324 19.489
4.578 415 11.031
3.316 468 7.086
2.790 488 5.718
0 535 12.005
2.094 203 10.316
1.877 337 5.812
1.708 198 10.244
0 251 11.050
1.434 106 13.531
1.300 86 15.119
1.296 136 15.342
1.261 178 10.030
1.248 465 3.217
0 47 83.273
1.153 124 9.296
1.153 145 10.582
1.104 174 6.649
1.102 70 15.749

0 182  259.414
942 62 15.193
926 116 7.986
875 57 15.345
0 47 18.154
748 72 10.386
745 111 9.479
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Faiyum
Damietta
Blida

Tarabulus

Beni Suef
Sfax
Rabat-Salé
Djelfa
Oujda
Benghazi
Kenitra

Al Ismailiya
Boumerdes
Suez
Damanhur
Al Minya
Sousse

T{nis

Constantine
Al Marsa
Tetouan
Tahta
Wahran

Aswan
Annaba
Rabat

Shibin Al-
Kom

Al Abbasa al
Shargiya
Sanhur

Al Wadi

Nag Hammadi

Faqous
Mit Habib

Kafr Al Sheikh

Batna

Setif
Al-Manshah
Marrakech

Fes
Al-Asafra
Safi

Shubri al-
Khaymah

Tarabulus al-
Gharb,
Tripoli(s),
Tripoli di
Barbaria, Oea

Tofinis, Tunis,
Tunes

La Marsa

Oran,
Ouahran

Ar-Ribat, Er
Rabit

Marrékush,
Marrakesh
Fez, Fis

Shubra el-
Kheima,
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193
177
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173
63

158
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83

53

93
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65

109
86
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741
727
703

666
649

613
609
600
589
585
560
558
555
550
537

508

482
476

473
472

469

434

415
410
244
388
385
380
378
366
365

357
353

59
123
95
87

90
182
67
40
67
150
74
71
161
75
48
55
124
42

93

39
73
71

60
80
32

52

94

97
107
70
65
124
37
41
49
76
37

31
54
39
40

17.911
6.316
7.403

23.246

9.078
3.567
16.557
15.322
9.096
4.210
8.656
8.250
3.480
7.433
11.557
10.769
4.332
22.851

7.449
18.250
13.030

9.006
23.643

7.883
5.895
67.447

9.017

4.830

6.971
4.169
6.583
7.543
3.108
13.302
9.219
8.113
4.806
22.555

18.327
10.446
9.624
12.813
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93
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96
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98
99
100

101
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103

Shoubra el-

Kheima,
Shobra el-
Kheima

Balyana

Dusuq

Sidfa; Al

Badari

Qacentina Constantine,
Qoussantina,
Qustantinah,
Cirta

Minya Al-

Qamh

Mallawi

Girga

Banha

Misrata

Biskra

Bir Sa'id Port-Said

Suways, Al-  As-Suways, Al-
Suways, Suez,
As-Suweis, El-
Suweis

Kafr Al-Zaiyat

Annaba Bone, Bona,
Annébah,
Hippo

Tlemcen

Al Harafsha

El Oued

Bilbeis

Sers Al

Layyan;

Manuf

Al-Santa

Samalut

Dairut

Tanta Tantah

Mabhallah, Al-, Al-Mahallah

al-Kubra al-Kubra,
Mehalla al-
Kobra, El-
Mahalla el-
Koubra

Qena

Mekneés Miknais,
Mequinez

Sidi Bel Abbes

Diyarb Nigm

Hulwan Helwan,
Hilwan,
Heluan

Nador

Kolea

Tebessa
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Figure 54. Table of the 120 largest cities by maximum population, alongside

area/density/population statistics, Maghreb and Egypt.

[ ]GHSL /[ ] Stadestér Base. Population figures are given in thousands.

Name
Current

Istanbul
Tehran
Riyadh
Baghdad
Amman
Mashhad
Jeddah
Dubai;
Sharjah;
Ajman
Tehran Teheran
Damascus

Aleppo

Sana'a

Kuwait City

Ankara

Karaj

Izmir

Baghdad Bagdad,

Baghdad
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353

1975

5.123
4.152
632
2.049
807
1.283
480
141

1.145
639
154
768

1.259
838

1.580

316

255 38 7.516
254 32 8.496
253 59 4.287
251 40 7.484
250 45 5.562
247 30 8.226
77 55 5.412
237 80 3.761
235 25 9.418
234 44 5.323
233 28 10.540
0 26 18.578
230 22 10.780
227 21 12.078
0 24 14.607
214 27 8.660
223 50 5.565
Max. (km~42)
2025 Area Density
14.210 1.269 11.308
9.363 825 11.349
7.970 1.108 7.193
6.892 688 10.017
6.425 520 12.356
5.377 474 11.344
4.842 696 6.957
4.565 854 5.346
0 1.515  22.347
3.772 270 13.969
3.084 243 15.471
3.760 218 17.246
3.703 490 7.558
3.696 357 10.353
3.585 299 11.991
2.458 307 9.908
0 308 37.253
2.635 508 5.187



19
20
21
22

23

24
25
26

27
28
29
30
31

32

33
34
35
36
37
38
39
40

41

42
43
44

45
46
47
48

49
50
51

52
53
54
55

Khubar
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188
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72
194
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94

7.893
11.632
11.338
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7.842
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5.541
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13.668
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9.715
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10.476
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8.041
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6.607
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15.522
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7.236
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0 0
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88 464
0 0
173 450

Figure 55. Table of the 120 largest cities by maximum population, alongside

area/density/population statistics, Middle East.

[ ]GHSL /[ ] Stadestér Base. Population figures are given in thousands.
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Current
New York
New York
Los Angeles
Chicago
Miami
Toronto

Chicago

Hist.
New York City
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1975 2025
0 0

11.738 14.198

8.257 13.474
0 0
1.843 5.733
2.173 5.566
4.477 5.319

58 17.409
8.942  12.255
86 16.982
73 7.691
99 5.566
101 5.455
77 7.126
46 44.804
73 7.466
66 8.207
89 7.542
59 12.834
108 4.761
49 10.417
76 6.648
N/A N/A
42 11.842
31 46.539
118 4.133
59 8.255
33 14.603
41 11.752
71 6.531
2 275.422
122 3.756
Max. (km~2)
Area Density
2.746  14.120
3.031 4.684
4.498  2.996
1.307  8.515
2.784  2.059
1.620  3.436
2.046  2.683
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114
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105
114
113
431
361

97
298
289
279

89

85
81
383
275
208
292
94
70
44
68
89
81
240
179
183
43
107
268

71
64
352
198
313

72

56
237
214
193
101
173

14.531
7.846

1.980
8.470
2.604
2.063
2.623
2.237
8.011
7.763
15.114
1.645
1.936

12.298
2.161
2.211
2.288
9.373

12.581
13.095
1.687
2.251
2.907
2.064
6.436
14.302
14.335
9.467
9.863
10.241
2.267
3.062
2.921
15.563
9.470
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13.995
14.011
1.580
2.504
1.572
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2.580



101

102
103
104
105
106
107
108
109
110
m
12
13

14
115
116
17
18
119
120

H

© oNoOUuh~Awn—

Colorado 0 0 0 0 0 0 0 446 229 1.946

Springs

Calgary 0 0 0 0 0 162 0 0 56 13.064
Providence 0 0 0 0 0 0 339 437 179 2.470
Tulsa 0 0 0 0 0 0 88 434 277 1.567
Scranton 0 0 0 0 128 432 0 0 30 20.387
Newark 0 0 0 0 271 425 0 0 49 8.591
Denver 0 0 0 0 131 381 0 0 51 10.960
Cincinnati 0 0 0 0 0 0 325 414 224 1.955
Indianapolis 0 0 0 0 0 0 113 418 254 1.646
Stockton 0 0 0 0 0 0 107 409 162 2.522
Memphis 0 0 0 0 0 0 0 402 274 1.497
Kansas City 0 0 0 0 0 0 103 399 244 1.634
The 0 0 0 0 0 0 0 398 130 3.062
Woodlands

Fort Worth 0 0 0 0 45 285 0 0 46 8.852
Kitchener 0 0 0 0 0 0 85 388 147 2.640
Louisville 0 0 0 1 204 360 0 0 68 7.292
Portland 0 0 0 0 133 349 0 0 49 7.919
Jacksonville 0 0 0 0 0 0 0 380 291 1.305
Toledo 0 0 0 0 136 307 0 0 57 7.511
Mission Viejo 0 0 0 0 0 0 72 370 184 2.225

Figure 56. Table of the 120 largest cities by maximum population, alongside

area/density/population statistics, Northern America.

[ ]GHSL /[ ] Stadestér Base. Population figures are given in thousands.

Name Population Max. (kmA2)
Current Hist. O 1000 1500 1800 1900 1950 1975 2025 Area Density

Sydney 0 0 0 0 0 0 2.254 4.375 1.378 3.175
Melbourne 0 0 0 0 0 0 1.905 4.011 1.611 2.490
Sydney 0 0 0 2 457 960 0 0 407 10.631
Auckland 0 0 0 0 0 0 614 1.624 638 2.545
Brisbane 0 0 0 0 0 0 347 1.359 701 1.939
Perth 0 0 0 0 0 0 521 1.357 784 1.731
Melbourne 0 0 0 0 469 709 0 0 112 97.651
Adelaide 0 0 0 0 0 0 557 938 493 1.903
Brisbane 0 0 0 0 108 413 0 0 93 27.943
Adelaide 0 0 0 0 160 395 0 0 38 88.798
Port Louis 0 0 0 0 0 0 420 557 143 4.238
Point Cook 0 0 0 0 0 0 0 501 126 3.979
Perth 0 0 0 0 6 198 0 0 1 5.083.079
Newcastle 0 0 0 0 52 149 0 0 31 69.737
Gold Coast 0 0 0 0 0 0 0 279 208 1.662
Christchurch 0 0 0 0 52 178 0 0 23 48.996
Christchurch 0 0 0 0 0 0 197 278 124 2.245
Wellington 0 0 0 0 47 189 0 0 31 18.401
Suva 0 0 0 0 0 0 87 243 78 3.155
Auckland 0 0 0 0 34 41 0 0 19 93.997
Newcastle 0 0 0 0 0 0 53 205 126 1.641
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60
63
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104
23
25
64
76
108
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11

26
105
76
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50

73

38
52
51

77

15.555
5.351
2.854
2.203
1.594

12.860

22.824
2.408
2.490
1.380
3.518

18.689

14.312
4.904
1.167
1.608

15.093

35.107

15.045

18.017
1.196
2.225

16.950
1.474

2.806
2.044
2.141

1.357

28.839
16.172
16.553

12.443
1.512

10.717
2.174
1.690

17.162

17.069

16.256

40.080
1.679
3.284

14.561

33.219
1.050

17.145
1.828

14.663
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m
12
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Sunshine

Devonport

Caulfield
Enfield

Beau Bassin-

Rose Hill
Southport

Holroyd
Townsville
Penrith
Woodville
Palmerston
North
Ballarat
Port Vila
Lower Hutt
Cleveland
Doncaster

Hobart
Leichhardt
Pakenham
Ballarat
Coburg
Marion
Upper
Coomera
Heidelberg
Port Louis
Le Tampon
Knox
Helensvale
Frankston
Salisbury
Springvale
Toowomba
Keilor
Ipswich
Saint-André
Saint Kilda
Caloundra
Apia
Elizabeth
North
Northcote
Footscray
Wanneroo
Essendon

Cairns

> see also:
Burnie-
Devonport

Gold Coast,
Tweed Heads
+ Coolangatta,
GoldCoast-
Tweed

Doncaster and
Templestowe
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17.535
13.874
17.147
2.031

32.795
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1.570
1.440

14.042

1.648
17.563
2.956
1.494
13.791
17.114
2.403

16.924
82.575
2.800
15.864
2.439
16.321
11.168
15.276
23.548
16.013
18.228
2.526
16.329
1.716
1.715
2.111

15.656
15.828
17.367
16.002
1.557
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119
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20
21
22
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Mount Annan
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Prahran
Ipswich
Gosford
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Canberra
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23 2.494
4 16.530
3 16.854
3 17.575

36 1.555
6 15.052

21 2.641

Figure 57. Table of the 120 largest cities by maximum population, alongside

area/density/population statistics, Oceania.

[ ]GHSL /[ ] Stadestér Base. Population figures are given in thousands.

Name
Current Hist.
Jakarta

Quezon City;
Manila
Bangkok

Ho Chi Minh
City

Bandung
Kuala Lumpur
Surabaya
Yangon
Singapore
Hanoi

Medan; Binjai

Jakarta Djakarta,
Batavia,
Jacatra

Krung Thep Bangkok

Lewe

Thanh Ph6  Ho Chi Minh

H6' Chi Minh City, Saigon,
Gia Dinh

Semarang

Cebu City

Manila Manilla

Yangon Rangoon

Tasikmalaya

Yogyakarta

Phnom Penh;

Ta Khmao

Makassar

Palembang

Singapore Singapur,
Singapura,
Xinjiapo

Denpasar
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955
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1975 2025
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3.699
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19.048
14.558

3.459 8.691
521 8.413
3.609 6.857
1.965 6.191
1.973 5.118
1.508 4.966
1.688 4.351
0 0

3.735 60

1.605 3.274
563  3.192

1.083 2.923
1.735 2.743
74  2.419

806  2.242
1.088 2.203
0 0

297 2.006

Max. (km~42)
Area Density
4.614  8.787
2.555 10.145
2.697 7.063
1.487  9.790
988 8.797
1.340 6.279
1.304  5.259
545 11.360
438 12.015
925 7.579
607 7.167
152 135.653
331 42.896
173 26.306
239 54.796
603 5.430
416 7.672
295 28.845
516 15.062
546 5.417
678 4.942
358 8.671
343 6.577
245 8.992
232 16.638
388 5.170
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55
56
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58
59
60
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62
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64
65
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67
68

Pyinmana

Malang; Batu
Mandalay

Johor Bahr

Can Tho

Davao City

Slawi

Cirebon

Soerabaja

Surabaya

Surakarta;
Karanganyar;
Boyolali

San Fernando

Tarogong
Purwokerto;
Purbalingga
Batam City

Hanoi, Dong
Kinh, Tong
King, Kescho

Ha no6i

Pekalongan

Bandar
Lampung
Pekanbaru
Samarinda
Padang

Da Nang
Bandung Bandoeng
Hai Phong

Mataram

Dagupan

Sembawang

Cagayan de

Oro

Jambi

Banjarmasin

H&i Phong  Haiphong,

Haifong
Tjiledoeg,
Chiledug

Ciledug

Quezon City
Ipoh
Pontianak
Kota Kinabalu
Medan
Cilacap

Lipa
Semarang Samarang
George Town
Tulungagung

Tloilo City
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973
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946
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839
811
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330
205
418
329
227
405
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171
394
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328

186
91

307
176

234
157
216
225
102
244
195
359
66
127

134
113
98

91

93
227
158
171
145
102
210
100
134
254
170

18.053
5.792
9.022
4.075
6.502
7.274
4.556
6.121

51.528
4.354

4.912
6.762
6.567

7.590
90.925

5.335
7.147

5.239
7.805
5.606
5.239
52.207
9.121
5.178
2.711
14.550
7.481

7.060
8.182
27.210

11.940

13.478
3.797
5.472
4.742

11.713

11.104
3.924

29.839
5.647
4.755
5.025
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Jepara
Balikpapan
Chiang Mai
Bacolod
Cilegon
Kudus
Kuningan
Palembang
Cianjur Tjiandjur
Thon Buri

Kuala LumpurD.B. Kuala

Lumpur
Baguio
Pare
Cipanas
Zamboanga
City
Kuching

Cilacap Tjilatjap,

Chilachap,

Chilatjap
Long Xuyen
Jember
Ambon
Malacca City
Selong
Kupang
Indramayu
Ujungpandan Makasar

g
Klaten

Viet Tri
Jember Djember
Jolo

Balung

Gorontalo

Bukit
Mertajam
Purwakarta
Kebumen
Kediri
Kebumen
My Tho

Da Nﬁng Tourane,
Turan,
Danang
Manado

Jombang

Vung Tau

General

Santos

Pematang
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63
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490
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462
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477
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448
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116
225
126
188
164
179
75
84
53
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84
78
65
103

131
87

186
9%
74

204

145

119
68
66

72
106
62
26
156
93
164

104
67
129
84
146
75

94
130
99

103

76

5.558
6.056
3.077
5.482
3.652
6.694
3.673
23.769
14.444
13.853
30.974

7.133
14.077
9.277
5.982

4.488
18.243

26.337
8.357
7.558
2.832
5.697
4.702

17.094

16.649

14.620
12.511
18.250
22.672
5.218
5.697
3.035

5.413
13.730
4.295
9.766
9.760
16.004

6.192
5.884
4.816
4.590
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Figure 58. Table of the 120 largest cities by maximum population, alongside

area/density/population statistics, Southeast Asia.

[ ]GHSL /[ ] Stadestér Base. Population figures are given in thousands.

Name

Current Hist.
Kinshasa
Lagos; Ikeja
Luanda
Dar es-Salaam
Johannesburg
Addis Ababa
Khartoum
Nairobi
Abidjan
Accra; Tema
Onitsh
Yaoundé
Kampala
Kano
Kumasi
Mogadishu
Douala
Cape Town
Antananarivo
Ibadan
Dakar
Bamako
Lusaka
Ouagadougou
Kasai-Oriental
Owerri
Maputo
Durban
Brazzaville
Coyah;
Lubumbashi
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Population
1000 1500 1800 1900 1950

o
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o
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1975

1.077
2.645
0
357
1.820
883
1.097
564
1.039
1.098
789
453
608
772
414
439
401
1.218
291
818
916
353
254
160
894
65
552
619
1.193
605
223

2025

12.946
12.846
11.672
8.919
8.593
7.280
7.115
6.646
6.450
5.890
5.788
5.479
5.178
5.111
4.923
4.798
4.458
4.338
4.255
4.044
3.970
3.961
3.658
3.616
3.596
3.595
3.533
3.271
3.191
2.991
2.908

124 3.781
32 66.536
36 21.081
99 6.974
51 9.869

166 3.242
72 6.141
81 5.428

103 4.240

Max. (kmA2)
Area Density
487 26.583

1.199 10.714
936 12.470
907 9.833

1.756 4.893

465 15.657

958 7.427

598 11.114

503 12.824

1.121 5.255
1.090 5.310

313 17.505

810 6.392

419 12.197

469 10.497

186 25.798

280 15.921

695 6.242

442 9.627

574 7.045

277 14.333

407 9.731

360 10.161

495 7.306

134 26.837

1.144 3.142

570 6.199

807 4.053

201 17.726

305 9.807

354 8.214
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43
44
45
46
47
48
49
50
51

52
53
54
55
56
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58
59

60
61

62
63

64
65
66
67

68
69
70
71

72
73
74
75
76
77
78
79

Cotonou
Port Harcourt
Lomé
Freetown
Harare
Monrovia
Kinshasa
Kaduna
Benin City
N'Djamena
Beni
Pretoria
Nouakchott
Kigali
Mombasa
Warri

Uyo
Niamey
Kananga
Hargeisa
Aba
Klipgat
Bujumbura
Tlorin
Lubango
Abuja
Serrekunda
Bobo-
Dioulasso
Maiduguri
Aboh;
Nnarambia
Bangui
Sekondi-
Takoradi
Cabinda
Touba
Enugu
Adis Abeba

Uige
Tshikapa
Malanje
Nyala
Otite
Nampula
Zanzibar City
Lilongwe
Mwanza
Jos
Sokoto
Blantyre

Addis Ababa,
Addis Abeba,
Addis Abeba
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276
203
318
498
182

372
319
216
478
591
64
69
211
161

165
109
252
351

118
343

103
112

237
65

374
189

292
261

1.039
182
61
77
209
115
91

171
217

2.647
2.624
2.498
2.151
2.076
2.050

1.938
1.912
1.910
1.873
1.826
1.625
1.622
1.618
1.618
1.606
1.601
1.539
1.500
1.472
1.464
1.403
1.360
1.331
1.322
1.313
1.297

1.293
1.282

1.270
1.256

1.220
1.170
1.086

238
1.075
1.052
1.039
1.036
1.029
1.027
1.019

977

966

954

942

479
310
346
205
603
302
425
304
386
222
70
477
178
286
181
207
271
222
94
84
187
393
141
215
146
319
181
170

157
365

122
136

98
161
165
150

43

52

79
104
108
119
121
136
175
202
110
191

6.420
8.464
7.220
10.490
3.993
6.787
15.270
6.375
5.454
8.604
26.753
3.829
9.131
5.670
8.938
7.815
5.926
7.210
16.369
17.862
7.872
3.724
9.953
6.324
9.118
4.145
7.257
7.632

8.238
3.513

10.413
9.234

12.451
7.832
6.584

13.056

35.812
20.668
13.318
9.988
10.355
8.645
8.486
7.491
5.586
4.782
8.671
6.607
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Kisangani
Libreville
Umuahia
Luena
Cuito
Kalemie
Tkorodu
Bukavu
Cape Town
Oshogbo
Ibadan
Porto-Novo
Abeokuta
Nsukka
Arusha
Ggeberha
Oyo

Bata
Kamina
Goma
Tamale
Pointe-Noire
Yola; Jimeta
Zinder
Lagos
Evaton
Djibouti
Kitwe
Malabo
Kebkabiya
Zaria
Lokoja
Akure
Likasi
Bouaké
Huambo
Garoua
Al-Ubayyid
Accra
Benin City
Bissau

O O O O O O O O O O O O O O O OO OO OO0 O0O OO0 OoOoOOo0Ooooo o oo

O O O O O O O O O O O O O O O OO OO OO0 OO0 oo oo

O O O O O O O O O O O O O O O OO OO OO0 OO0 OoOoOOo0oooo o oo

O O O O O O O O O O O O O OO OO OO0 oo oo

v
e o

O O O O O O o o

N
S

174

OOOOOOOOOOOOO%OOOOOOOOOOOOO

—
~

296

O O O O O o o o

391

422

O O O O O O o o o o o o oo

241

O ©O O O O O o o o o o o oo

156
552

335

209

202
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103

288
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172
65
258
214
128

286
76
113

111
194

170

173
191
156
172
0
0
78

929
917
917
892
880
872
863
852
0
833
0
815
807
807
807
806
792
790
783
776
774
666
764
749
0
738
735
732
729
727
721
716
713
713
705
583
700
680
0
0
674

100
196
141
82
85
53
303
65
103
157
89
149
174
194
169
217
120
88
40
84
132
186
112
46
80
120
69
117
71
21
102
96
171
65
106
94
67
83
80
1.440
83

Figure 59. Table of the 120 largest cities by maximum population, alongside

area/density/population statistics, Sub-Saharan Africa.

9.291
4.679
6.663
10.880
10.349
16.461
3.600
13.109
20.007
5.952
16.789
5.470
4.637
4.158
4.772
3.716
6.597
8.975
19.571
9.235
5.865
4.824
6.818
16.282
19.057
6.151
10.654
6.255
10.274
34.642
7.067
7.456
4.865
10.962
6.650
8.554
10.441
8.188
27.483
17.440
8.126












Figure 60. Static visualisation of Stadestér urban population rasters for all selected years.
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1. ‘Share of the Population Living in Urbanized Areas’. Our World in Data,
https://ourworldindata.org/grapher/long-term-urban-population-
region?time=1500..latest. Accessed 20 Sep. 2025.

2. Coppedge, et al. ‘Varieties of Democracy (V-Dem) Project’, 10.6.3, 10.6.4. Codebook.
Version v15, 2025, https://www.v-dem.net/documents/55/codebook.pdf.

3. Klein Goldewijk, Kees, et al. ‘Long-Term Dynamic Modeling of Global Population and
Built-up Area in a Spatially Explicit Way: HYDE 3.1’. The Holocene, vol. 20, no. 4, Jun.
2010, pp. 565-73. DOlL.org (Crossref), https://doi.org/10.1177/0959683609356587.

4. Klein Goldewijk, Kees, et al. ‘New Anthropogenic Land Use Estimates for the Holocene;
HYDE 3.2’. 7 Dec. 2016. Biogeosciences and biodiversity, https://doi.org/10.5194/essd-2016-
S8.

5. Modelski, George. World Cities: 3000 to 2000. Washington, Dc, Faros. Copyright, 2000.

6. Tertius Chandler. Four Thousand Years of Urban Growth : An Historical Census.
Lewiston, N.Y., St. David’s University Press, 1987.

7. Hanson, J.W., and S.G. Ortman. “A Systematic Method for Estimating the Populations of

Greek and Roman Settlements.” Journal of Roman Archaeology, vol. 30, 15 Nov. 2017,

www.cambridge.org/core/journals/journal-of-roman-archaeology/article/systematic-

method-for-estimating-the-populations-of-greek-and-roman-
settlements/32413192CB46847949394D750342B5D4. Accessed 9 Mar. 2025.

8. Storey, Glenn. “The Population of Ancient Rome.” Antiquity, vol. 71, no. 274, 7 Apr. 1997,

www.cambridge.org/core/services/aop-cambridge-
CorezContentZVieWzBACD7DF32BOB77609CD6713B8AF88882[80003598X00085859a.pdfzth

e-population-of-ancient-rome.pdf, https://doi.org/10.1017/S0003598X00085859.
Accessed 9 Mar. 2025.
9. Leyk, Stefan, et al. ‘The Spatial Allocation of Population: A Review of Large-Scale Gridded

Population Data Products and Their Fitness for Use’. Earth System Science Data, vol. 11,
no. 3, Sep. 2019, pp. 1385-409. DOI.org (Crossref), https://doi.org/10.5194/essd-11-1385-
2019.

10. Cook, Noble David, and William M. Denevan. ‘The Native Population of the Americas in



https://ourworldindata.org/grapher/long-term-urban-population-region?time=1500..latest
https://ourworldindata.org/grapher/long-term-urban-population-region?time=1500..latest
https://www.v-dem.net/documents/55/codebook.pdf
https://doi.org/10.1177/0959683609356587
https://doi.org/10.5194/essd-2016-58
https://doi.org/10.5194/essd-2016-58
http://www.cambridge.org/core/journals/journal-of-roman-archaeology/article/systematic-method-for-estimating-the-populations-of-greek-and-roman-settlements/32413192CB46847949394D750342B5D4
http://www.cambridge.org/core/journals/journal-of-roman-archaeology/article/systematic-method-for-estimating-the-populations-of-greek-and-roman-settlements/32413192CB46847949394D750342B5D4
http://www.cambridge.org/core/journals/journal-of-roman-archaeology/article/systematic-method-for-estimating-the-populations-of-greek-and-roman-settlements/32413192CB46847949394D750342B5D4
http://www.cambridge.org/core/services/aop-cambridge-core/content/view/BACD7DF32B0B77609CD6713B8AF88882/S0003598X00085859a.pdf/the-population-of-ancient-rome.pdf
http://www.cambridge.org/core/services/aop-cambridge-core/content/view/BACD7DF32B0B77609CD6713B8AF88882/S0003598X00085859a.pdf/the-population-of-ancient-rome.pdf
http://www.cambridge.org/core/services/aop-cambridge-core/content/view/BACD7DF32B0B77609CD6713B8AF88882/S0003598X00085859a.pdf/the-population-of-ancient-rome.pdf
https://doi.org/10.1017/S0003598X00085859
https://doi.org/10.5194/essd-11-1385-2019
https://doi.org/10.5194/essd-11-1385-2019

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24,

1492." The Hispanic American Historical Review, vol. 57, no. 4, Nov. 1977, p. 723. DOl org
(Crossref), https://doi.org/10.2307/2513496.

Denevan, William M., editor. The Native Population of the Americas in 1492. 2nd ed,
University of Wisconsin Press, 2010.

Snow, D.R. 2001. Setting Demographic Limits: The North American Case, in: Standic, Z.
and T. Veljanovski (eds.) Computing Archaeology for Understanding the Past. CAA
2000. Computer Applications and Quantitative Methods in Archaeology. Proceedings of
the 28th Conference, Ljubljana, April 2000 (BAR International Series 931).
Archaeopress, Oxford, pp. 259-262.

Alchon, Suzanne Austin. A Pest in the Land: New World Epidemics in a Global Perspective.
1. ed, University of New Mexico Press, 2003. Didlogos Series.

Peros, Matthew C., et al. ‘Prehistoric Demography of North America Inferred from
Radiocarbon Data’. Journal of Archaeological Science, vol. 37, no. 3, Mar. 2010, pp. 656-64.
DOI.org (Crossref), https://doi.org/10.1016/j.jas.2009.10.029.

Milner, George R., and George Chaplin. ‘Eastern North American Population at ca. A.D.
1500’. American Antiquity, vol. 75, no. 4, Oct. 2010, pp. 707-26. DOI.org (Crossref),
https://doi.org/10.7183/0002-7316.75.4.707.

Nelson, John Carl. Historical Atlas of the Eight Billion: World Population 3000 BCE to 2020.
World History Maps, 2014.

Buringh, Eltjo. ‘The Population of European Cities from 700 to 2000: Social and

Economic History’. Research Data Journal for the Humanities and Social Sciences, vol. 6,
no. 1, Sep. 2021, pp. 1-18. DOI.org (Crossref), https://doi.org/10.1163/24523666-06010003.
Bye, Ollie. ‘Urban Growth Data’. Google Sheets,
https://docs.google.com/spreadsheets/d/1303IxKSM2VYzAhGA1y206_Pjk6_65syvX7408
UQHOew/edit?gid=1338927755. Accessed 20 Sep. 2025.

Schiavina M., Freire S., Carioli A., MacManus K. (2023): GHS-POP R2023A - GHS
population grid multitemporal (1975-2030).European Commission, Joint Research
Centre (JRC) PID: http://data.europa.eu/89h/2ff68a52-5b5b-4a22-8f40-c41da8332cfe,
doi:10.2905/2FF68A52-5B5B-4A22-8F40-C41DA8332CFE

Calka, Beata, and Elzbieta Bielecka. ‘GHS-POP Accuracy Assessment: Poland and
Portugal Case Study’. Remote Sensing, vol. 12, no. 7, Mar. 2020, p. 1105. DOI.org
(Crossref), https://doi.org/10.3390/rs12071105.

Smith, Michael E. ‘Publishing Archaeology: Why Would a Journal Called “Scientific
Data” Publish Bad Data? The Chandler/Modelski City-Size Problem’. Publishing

Archaeology, 9 Jun. 2016, https://publishingarchaeology.blogspot.com/2016/06/why-

would-journal-called-scientific.html.
Jan De Vries, "European Urbanization, 1500-1800", 1984.

Reba, Meredith, et al. ‘Spatializing 6,000 Years of Global Urbanization from 3700 BC to
AD 2000’ Scientific Data, vol. 3, no. 1, Jun. 2016, p. 160034. DOI.org (Crossref),
https://doi.org/10.1038/sdata.2016.34.

European Commission. Joint Research Centre. Stats in the City: The GHSL Urban Centre



https://doi.org/10.2307/2513496
https://doi.org/10.1016/j.jas.2009.10.029
https://doi.org/10.7183/0002-7316.75.4.707
https://doi.org/10.1163/24523666-06010003
https://docs.google.com/spreadsheets/d/13O3IxKSM2VYzAhGA1y206_Pjk6_65syvXZ4O8UQHOew/edit?gid=1338927755
https://docs.google.com/spreadsheets/d/13O3IxKSM2VYzAhGA1y206_Pjk6_65syvXZ4O8UQHOew/edit?gid=1338927755
http://data.europa.eu/89h/2ff68a52-5b5b-4a22-8f40-c41da8332cfe
https://doi.org/10.3390/rs12071105
https://publishingarchaeology.blogspot.com/2016/06/why-would-journal-called-scientific.html
https://publishingarchaeology.blogspot.com/2016/06/why-would-journal-called-scientific.html
https://doi.org/10.1038/sdata.2016.34

25.

26.

27.

28

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Database 2025 : Public Release GHS UCDB R2024. Publications Office, 2024. DOI.org (CSL
JSON), https://data.europa.eu/doi/10.2760/3046391.

Evans, Damian, et al. ‘A Comprehensive Archaeological Map of the World’s Largest
Preindustrial Settlement Complex at Angkor, Cambodia’. Proceedings of the National
Academy of Sciences, vol. 104, no. 36, Sep. 2007, pp. 14277-82. DOI.org (Crossref),
https://doi.org/10.1073/pnas.0702525104.

Angel, Shlomo. Making Room for a Planet of Cities. Lincoln Institute of Land Policy, 2011.
Policy Focus Report / Lincoln Institute of Land Policy.

Paiscuti, Daniel, and Christopher Chase-Dunn. ‘ESTIMATING CITY POPULATIONS'.
Estimating The Population Sizes of Cities, IROWS,
https://irows.ucr.edu/research/citemp/estcit/estcit.htm. Accessed 20 Sep. 2025

. Bairoch, Paul, et al. Cities and Economic Development: From the Dawn of History to the

Present. Paperback ed, Univ. of Chicago Press, 1991.

Stanilov, Kiril, and Ludek Sykora. Confronting suburbanization: urban decentralization in
postsocialist Central and Eastern Europe. Malden, MA: Wiley-Blackwell, 2014. Web..
Retrieved from the Library of Congress, <https://Iccn.loc.gov/2014025839>.

Li, Xuecao, et al. ‘Global Urban Growth between 1870 and 2100 from Integrated High
Resolution Mapped Data and Urban Dynamic Modeling’. Communications Earth &
Environment, vol. 2, no. 1, Sep. 2021, p. 201. DOI.org (Crossref),
https://doi.org/10.1038/s43247-021-00273-w.

Borup, Daniel, et al. “The Anatomy of Out-of-Sample Forecasting Accuracy’. SSRN
Electronic Journal, 2022. DOI.org (Crossref), https://doi.org/10.2139/ssrn.4278745.

Glossary:In-Sample vs. out-of-Sample Forecasts. Eurostat,

sample_vs._out-of-sample_forecasts. Accessed 20 Sep. 2025.

Angel, Shlomo. Atlas of Urban Expansion, Marron Institute, NYU, 2014,
http://atlasofurbanexpansion.org/historical-data.

Melchiorri, Michele, et al. ‘The Multi-Temporal and Multi-Dimensional Global Urban
Centre Database to Delineate and Analyse World Cities’. Scientific Data, vol. 11, no. 1,
Jan. 2024, p. 82. DOI.org (Crossref), https://doi.org/10.1038/s41597-023-02691-1.

Cassis, Marica C. ‘Seleucia-Ctesiphon’. Gorgias Encyclopedic Dictionary of the Syriac

Heritage: Electronic Edition. gedsh.bethmardutho.org,
https://gedsh.bethmardutho.org/Seleucia-Ctesiphon. Accessed 20 Sep. 2025.

Morony, Michael. ‘BEH-ARDASIR’. Encyclopaedia Iranica, 1st ed., vol. 4, Encyclopaedia
Iranica Foundation, Inc, 10 Nov. 2016, pp. 93-94,
https://www.iranicaonline.org/articles/beh-ardasir-mid/.

Mwaniki, Dennis. “Fifth Expert Meeting of the Working Group on Geospatial
Information of the IAEG-SDGs Geospatial Information for Sustainable Development
Global Definition of Cities and Settlements.”, 2018, https://ggim.un.org/meetings/2018-

WG-IAEG-SDG/documents/04-Global_definition_%?20cities_settlements_Mwaniki.pdf.
Fedorenko, Yuliia, and Yuliia Kolos. ‘Definition of Concept “City”: Multidisciplinary


https://data.europa.eu/doi/10.2760/3046391
https://doi.org/10.1073/pnas.0702525104
https://irows.ucr.edu/research/citemp/estcit/estcit.htm.%20Accessed%2020%20Sep.%202025
https://lccn.loc.gov/2014025839
https://doi.org/10.1038/s43247-021-00273-w
https://doi.org/10.2139/ssrn.4278745
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:In-sample_vs._out-of-sample_forecasts
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:In-sample_vs._out-of-sample_forecasts
http://atlasofurbanexpansion.org/historical-data
https://doi.org/10.1038/s41597-023-02691-1
https://gedsh.bethmardutho.org/Seleucia-Ctesiphon
https://www.iranicaonline.org/articles/beh-ardasir-mid/
https://ggim.un.org/meetings/2018-WG-IAEG-SDG/documents/04-Global_definition_%20cities_settlements_Mwaniki.pdf
https://ggim.un.org/meetings/2018-WG-IAEG-SDG/documents/04-Global_definition_%20cities_settlements_Mwaniki.pdf

39.
40.

41.

42.

43.

44.

45.

46.

47.

48.
49.
50.

51.

52.

Approach’. Proceedings of the 4th International Conference on Building Innovations, edited
by Volodymyr Onyshchenko et al., vol. 299, Springer International Publishing, 2023, pp.
663-70. DOI.org (Crossref), https://doi.org/10.1007/978-3-031-17385-1_54.

UN Habitat. What is a city? June 2020.

Dijkstra, Lewis, et al. ‘Applying the Degree of Urbanisation to the Globe: A New

Harmonised Definition Reveals a Different Picture of Global Urbanisation’. Journal of
Urban Economics, vol. 125, Sep. 2021, p. 103312. DOI.org (Crossref),
https://doi.org/10.1016/j.jue.2020.103312.

Dijkstra, Lewis, et al. “Items for Discussion and Decision: Demographic Statistics a
Recommendation on the Method to Delineate Cities, Urban and Rural Areas for
International Statistical Comparisons Prepared by the European Commission -Eurostat
and DG for Regional and Urban Policy - ILO, FAO, OECD, UN-Habitat, World Bank.” 6

Mar. 2020, https://unstats.un.org/unsd/statcom/51st-session/documents/BG-Item3j-
Recommendation-E.pdf.

Global Human Settlement - Visualisation - European Commission. https://human-
settlement.emergency.copernicus.eu/visualisation.php#. Accessed 20 Sep. 2025.
Werlin, Julianne. ‘Demographic History and English Culture’. Journal of Medieval and
Early Modern Studies, vol. 54, no. 3, Sep. 2024, p. 448. DOI.org (Crossref),
https://doi.org/10.1215/10829636-11333348.

Saito, Osamu. ‘Historical Demography’. International Encyclopedia of the Social &

Behavioral Sciences, Elsevier, 2015, pp. 5-9. DOI.org (Crossref),
https://doi.org/10.1016/B978-0-08-097086-8.62115-3.

Historical Demography | International Union for the Scientific Study of Population.
https://iussp.org/en/historical-demography. Accessed 20 Sep. 2025.

Matthijs, Koen, et al. The Future of Historical Demography: Upside down and inside
Out, pp. 190, 193-194, 199, 203. Acco, 2016.

Federico, Giovanni, and Antonio Tena Junguito. How Many People on Earth? World
Population 1800-1938. IFCS - Working Papers in Economic History.WH. Universidad
Carlos III de Madrid. Instituto Figuerola, 2023,
https://EconPapers.repec.org/RePEc:cte:whrepe:36431.

Lahmeyer, Jan. Populstat. http://populstat.info/about.html. Accessed 20 Sep. 2025.
“JSDOM.” NPM, 20 Jan. 2020, www.npmjs.com/package/jsdom.

Eurostat. “Urban-Rural Europe - Introduction.” Ec.europa.eu, July 2024,

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Urban-

rural_Europe_-_introduction.
Statistics Canada. 1996 Census Dictionary: Final Edition. Catalogue no. 92-351-UIE, pp.

247-263, 1996, https://www150.statcan.gc.ca/nl/en/pub/92-351-u/4198735-
eng.pdf?st=B3RjGl0w.

Bhagavatula, Chandra Sekhar, et al. ‘Methods for Exploring and Mining Tables on
Wikipedia’. Proceedings of the ACM SIGKDD Workshop on Interactive Data Exploration
and Analytics [Chicago Illinois], 2013, pp. 18-26. DOI.org (Crossref),



https://doi.org/10.1007/978-3-031-17385-1_54
https://doi.org/10.1016/j.jue.2020.103312
https://unstats.un.org/unsd/statcom/51st-session/documents/BG-Item3j-Recommendation-E.pdf
https://unstats.un.org/unsd/statcom/51st-session/documents/BG-Item3j-Recommendation-E.pdf
https://human-settlement.emergency.copernicus.eu/visualisation.php
https://human-settlement.emergency.copernicus.eu/visualisation.php
https://doi.org/10.1215/10829636-11333348
https://doi.org/10.1016/B978-0-08-097086-8.62115-3
https://iussp.org/en/historical-demography.%20Accessed%2020%20Sep.%202025
https://econpapers.repec.org/RePEc:cte:whrepe:36431
http://populstat.info/about.html
http://www.npmjs.com/package/jsdom
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Urban-rural_Europe_-_introduction
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Urban-rural_Europe_-_introduction
https://www150.statcan.gc.ca/n1/en/pub/92-351-u/4198735-eng.pdf?st=B3RjGl0w
https://www150.statcan.gc.ca/n1/en/pub/92-351-u/4198735-eng.pdf?st=B3RjGl0w

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

https://doi.org/10.1145/2501511.2501516.
Wikipedia Contributors. “Berlin.” Wikipedia, Wikimedia Foundation, 7 May 2019,

https://en.wikipedia.org/wiki/Berlin. Accessed 21 Sept. 2025.
Wikipedia Contributors. “Nanjing.” Wikipedia, Wikimedia Foundation, 8 Dec. 2019,

https://en.wikipedia.org/wiki/Nanjing. Accessed 21 Sept. 2025.
Bodensohn, Jan-Micha, et al. ‘Unveiling Challenges for LLMs in Enterprise Data

Engineering’. Version 1, arXiv:2504.10950, arXiv, 15 Apr. 2025. arXiv.org,
https://doi.org/10.48550/arXiv.2504.10950.

Lee, Jinhyuk, et al. ‘Can Long-Context Language Models Subsume Retrieval, RAG, SQL,
and More?’ arXiv:2406.13121, arXiv, 19 Jun. 2024. arXiv.org,
https://doi.org/10.48550/arXiv.2406.13121.

Costa, Joe. Calculating Geometric Means,

https://www.waterboards.ca.gov/water_issues/programs/swamp/docs/cwt/guidance/34
13.pdf.

De Boor, Carl. ‘On Bounding Spline Interpolation’. Journal of Approximation Theory, vol.
14, no. 3, Jul. 1975, pp. 191-203. DOL.org (Crossref), https://doi.org/10.1016/0021-
9045(75)90055-6.

Nava-Yazdani, Esfandiar. ‘Geometric Mean, Splines and de Boor Algorithm in Geodesic
Spaces’. arXiv:1603.01484, arXiv, 26 Aug. 2016. arXiv.org,
https://doi.org/10.48550/arXiv.1603.01484.

Hanberry, Brice B. ‘Imposing Consistent Global Definitions of Urban Populations with

Gridded Population Density Models: Irreconcilable Differences at the National Scale’.
Landscape and Urban Planning, vol. 226, Oct. 2022, p. 104493. DOI.org (Crossref),
https://doi.org/10.1016/j.Jandurbplan.2022.104493.

Ostermeijer, Francis, et al. ‘Automobiles and Urban Density’. Journal of Economic
Geography, vol. 22, no. 5, Sep. 2022, pp. 1073-95. DOI.org (Crossref),
https://doi.org/10.1093/jeg/lbab047.

E. Buringh. ‘European Urban Population, 700 - 2000’. With E. Buringh, DANS Data
Station Social Sciences and Humanities, 2020. DOI.org (Datacite),
https://doi.org/10.17026/DANS-XZY-U62Q.

mdlincoln. “GitHub - Mdlincoln/Europop: Historical Populations of European Cities,
1500-1800.” GitHub, 24 Feb. 2017, https://github.com/mdlincoln/europop. Accessed 20
Sep. 2025.

Noyel, Guillaume, et al. ‘Fast Computation of All Pairs of Geodesic Distances’.
arXiv:2007.16076, arXiv, 31 Jul. 2020. arXiv.org,
https://doi.org/10.48550/arXiv.2007.16076.

ESRI. “Find Centroids—ArcGIS Online | Documentation.” Arcgis.com, 2025,
https://doc.arcgis.com/en/arcgis-online/analyze/find-centroids-mv.htm. Accessed 20

Sep. 2025.
Schiavina, Marcello, et al. ‘GHS-POP R2023A - GHS Population Grid Multitemporal
(1975-2030)’. European Commission, Joint Research Centre (JRC), 25 Apr. 2023. DOl org


https://doi.org/10.1145/2501511.2501516
https://en.wikipedia.org/wiki/Berlin
https://en.wikipedia.org/wiki/Nanjing.%20Accessed%2021%20Sept.%202025
https://doi.org/10.48550/arXiv.2504.10950
https://doi.org/10.48550/arXiv.2406.13121
https://www.waterboards.ca.gov/water_issues/programs/swamp/docs/cwt/guidance/3413.pdf
https://www.waterboards.ca.gov/water_issues/programs/swamp/docs/cwt/guidance/3413.pdf
https://doi.org/10.1016/0021-9045(75)90055-6
https://doi.org/10.1016/0021-9045(75)90055-6
https://doi.org/10.48550/arXiv.1603.01484
https://doi.org/10.1016/j.landurbplan.2022.104493
https://doi.org/10.1093/jeg/lbab047
https://doi.org/10.17026/DANS-XZY-U62Q
https://github.com/mdlincoln/europop
https://doi.org/10.48550/arXiv.2007.16076
https://doc.arcgis.com/en/arcgis-online/analyze/find-centroids-mv.htm

67.

68.

69.

70.

71.

72.

73.

74.
75.

76.

77.

78.

79.

80.

(Datacite), https://doi.org/10.2905/2FF68A52-5B5B-4A22-8F40-C41DA8332CFE.
Kerr, Robert, editor. A General History and Collection of Voyages and Travels: Arranged in

Systematic Order: Forming a Complete History of the Origin and Progress of Navigation,
Discovery, and Commerce, by Sea and Land, from the Earliest Ages to the Present Time. Vol.
6, W. Blackwood, 1824. Google Books,
https://books.google.com/books?id=dAKNAAAAQAAT.

De Long, J. Bradford, and Andrei Shleifer. ‘Princes and Merchants: European City

Growth before the Industrial Revolution’. The Journal of Law and Economics, vol. 36, no.

2, Oct. 1993, pp. 671-702. DOI.org (Crossref), https://doi.org/10.1086/467294.
Daly, Gavin. Storm and Sack: British Sieges, Violence and the Laws of War in the Napoleonic

Era, 1799-1815. 1st ed., Cambridge University Press, 2022. DOI.org (Crossref),
https://doi.org/10.1017/9781108863971.

Bartholomew, John.

https://upload.wikimedia.org/wikipedia/commons/8/87/Seringapatam_plan.j

Accessed 21 Sep. 2025.

Chase-Dunn, Christopher, et al. “Comparing World-Systems: Power, Size and Warfare.”
Ucr.edu, IROWS, 2017, https://irows.ucr.edu/papers/irows108/irows108.htm. Accessed
20 Sep. 2025.

Fernandez-Go6tz, Manuel, and Michael E. Smith. ‘The Archaeology of Early Cities: “What
Is the City but the People?”” Annual Review of Anthropology, vol. 53, no. 1, Oct. 2024,
pp. 231-47. DOIL.org (Crossref), https://doi.org/10.1146/annurev-anthro-041222-094823.
Google. “Overview | Places API.” Google Developers, 19 Sept. 2025,
https://developers.google.com/maps/documentation/places/web-service/overview.
Accessed 21 Sept. 2025.

OpenStreetMap. “OpenStreetMap.” OpenStreetMap, 2024, www.openstreetmap.org/.
osm-search. “GitHub - Osm-Search/Nominatim: Open Source Search Based on
OpenStreetMap Data.” GitHub, 12 Sept. 2024, https://github.com/osm-
search/Nominatim.

SeleniumHQ. “SeleniumHQ/Selenium.” GitHub, 31 May 2020,
https://github.com/SeleniumHQ/selenium. Accessed 21 Sept. 2025.

puppeteer. “Puppeteer.” GitHub, 4 Feb. 2022, https://github.com/puppeteer/puppeteer.
Accessed 21 Sept. 2025.

Quistorff, Brian Alexander. Economic Development of Urban Areas. 2016. University of

Maryland, PhD dissertation. Directed by Professor Sebastian Galiani, Department of

Economics. DRUM, https://api.drum.lib.umd.edu/server/api/core/bitstreams/cc6e2323-
4e79-4f7f-8f1b-caa36bd91bee/content.

Matsumoto, Nasa, et al. ‘Distance-Based Clustering Using QUBO Formulations’.
Scientific Reports, vol. 12, no. 1, Feb. 2022, p. 2669. DOI.org (Crossref),
https://doi.org/10.1038/s41598-022-06559-z.

Flater, Drew. “Understanding Geodesic Buffering.” Www.esri.com,

http://www.esri.com/news/arcuser/0111/geodesic.html. Accessed 21 Sep. 2025.



https://doi.org/10.2905/2FF68A52-5B5B-4A22-8F40-C41DA8332CFE
https://books.google.com/books?id=dAkNAAAAQAAJ
https://doi.org/10.1086/467294
https://doi.org/10.1017/9781108863971
https://upload.wikimedia.org/wikipedia/commons/8/87/Seringapatam_plan.jpg
https://irows.ucr.edu/papers/irows108/irows108.htm
https://doi.org/10.1146/annurev-anthro-041222-094823
https://developers.google.com/maps/documentation/places/web-service/overview
http://www.openstreetmap.org/
https://github.com/osm-search/Nominatim
https://github.com/osm-search/Nominatim
https://github.com/SeleniumHQ/selenium
https://github.com/puppeteer/puppeteer
https://api.drum.lib.umd.edu/server/api/core/bitstreams/cc6e2323-4e79-4f7f-8f1b-caa36bd91bee/content
https://api.drum.lib.umd.edu/server/api/core/bitstreams/cc6e2323-4e79-4f7f-8f1b-caa36bd91bee/content
https://doi.org/10.1038/s41598-022-06559-z
http://www.esri.com/news/arcuser/0111/geodesic.html

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Cattaneo, Andrea, et al. ‘Worldwide Delineation of Multi-Tier City-Regions’. Nature
Cities, vol. 1, no. 7, Jul. 2024, pp. 469-79. www.nature.com,
https://doi.org/10.1038/s44284-024-00083-z.

Dijkstra et al. “The EU-OECD Definition of a Functional Urban Area.” OECD Regional
Development Working Papers, vol. 2019, no. 11, 11 Dec. 2019,
https://doi.org/10.1787/d58cb34d-en.

Marin-Martinez, Fulgencio, and Julio Sanchez-Meca. ‘Weighting by Inverse Variance or

by Sample Size in Random-Effects Meta-Analysis’. Educational and Psychological
Measurement, vol. 70, no. 1, Feb. 2010, pp. 56-73. DOIL.org (Crossref),
https://doi.org/10.1177/0013164409344534.

Buck, Robert]., et al. ‘The Use of Weighted Averages of Hedges’ d in Meta-analysis: Is It
Worth It?” Methods in Ecology and Evolution, vol. 13, no. 5, May 2022, pp. 1093-105.
DOI.org (Crossref), https://doi.org/10.1111/2041-210X.13818.

Obrecht, Natalie A. ‘Sample Size Weighting Follows a Curvilinear Function.’ Journal of

Experimental Psychology: Learning, Memory, and Cognition, vol. 45, no. 4, Apr. 2019,
pp. 614-26. DOL.org (Crossref), https://doi.org/10.1037/x1m0000615.

Lin, Jie, et al. ‘Using Geographically Weighted Regression to Solve the Areal
Interpolation Problem’. Annals of GIS, vol. 17, no. 1, Mar. 2011, pp. 1-14. DOI.org
(Crossref), https://doi.org/10.1080/19475683.2010.540258.

Doxsey-Whitfield, Erin, et al. “Taking Advantage of the Improved Availability of Census
Data: A First Look at the Gridded Population of the World, Version 4.” Papers in Applied
Geography, vol. 1, no. 3, 3 July 2015, pp. 226-234,
https://doi.org/10.1080/23754931.2015.1014272. Accessed 1 June 2021.

Amos, Brian, et al. ‘When Boundaries Collide’. Public Opinion Quarterly, vol. 81, no. S1,
2017, pp- 385-400. DOI.org (Crossref), https://doi.org/10.1093/pogq/nfx001.

Swanwick, Rachel H., et al. ‘Dasymetric Population Mapping Based on US Census Data

and 30-m Gridded Estimates of Impervious Surface’. Scientific Data, vol. 9, no. 1, Aug.
2022, p. 523. www.nature.com, https://doi.org/10.1038/s41597-022-01603-z.

Litvine, Alexis D., et al. ‘Built-up Areas of Nineteenth-Century Britain. An Integrated
Methodology for Extracting High-Resolution Urban Footprints from Historical Maps’.
Historical Methods: A Journal of Quantitative and Interdisciplinary History, vol. 57, no.
1, Jan. 2024, pp. 1-19. DOI.org (Crossref),
https://doi.org/10.1080/01615440.2024.2324163.

Puttick, Steve. “Taking Burgess out of the Bin.” Teaching Geography, vol. 45, no. 1, 2020,
pp. 6-8. JSTOR, www.jstor.org/stable/26890770, https://doi.org/10.2307/26890770.
Accessed 21 Sept. 2025.

Abbott, Carl. Suburbs: A Very Short Introduction. 1st ed., Oxford University Press, New
York, 2023. DOI.org (Crossref), https://doi.org/10.1093/actrade/9780197599242.001.0001.
Sjoberg, Gideon. “The Preindustrial City.” American Journal of Sociology, vol. 60, no. 5,
1955, pp. 438-445. JSTOR, www.jstor.org/stable/2772531,
https://doi.org/10.2307/2772531.



https://doi.org/10.1038/s44284-024-00083-z
https://doi.org/10.1787/d58cb34d-en
https://doi.org/10.1177/0013164409344534
https://doi.org/10.1111/2041-210X.13818
https://doi.org/10.1037/xlm0000615
https://doi.org/10.1080/19475683.2010.540258
https://doi.org/10.1080/23754931.2015.1014272
https://doi.org/10.1093/poq/nfx001
https://doi.org/10.1038/s41597-022-01603-z
https://doi.org/10.1080/01615440.2024.2324163
http://www.jstor.org/stable/26890770
https://doi.org/10.2307/26890770
https://doi.org/10.1093/actrade/9780197599242.001.0001
http://www.jstor.org/stable/2772531
https://doi.org/10.2307/2772531

94. Rienow, Andreas. On Cells and Agents. 2014. Universitats- und Landesbibliothek Bonn,
Thesis. bonndoc.ulb.uni-bonn.de, https://bonndoc.ulb.uni-
bonn.de/xmlui/handle/20.500.11811/6122.

95. Shepard, Erik, Doug Atkinson, and Anita Russo. "Interpolation of Population Related
Polygon Data." Proceedings of the 1997 ESRI User Conference, Information Technology
Outreach Services, The University of Georgia, 1997,

https://proceedings.esri.com/library/userconf/proc97/proc97/to300/pap298/p298.htm.

96. Dittmar, Jeremiah. ‘Cities, Markets, and Growt: The Emergence of Zipf’s Law’. 2011,
https://api.semanticscholar.org/CorpusID:198113625.

97. Gonzalez-Val, Rafael. ‘Historical Urban Growth in Europe (1300-1800)’. Papers in
Regional Science, vol. 98, no. 2, Apr. 2019, pp. 1115-37. DOI.org (Crossref),
https://doi.org/10.1111/pirs.12365.

98. Clark, Colin. "Urban Population Densities." Journal of the Royal Statistical Society. Series A
(General), vol. 114, no. 4, 1951, pp. 490-496. JSTOR, http://links.jstor.org/sici?sici=0035-
9238%281951%29114%3A4%3C490%3AUPD%3E2.0.CO0%3B2-G.

99. Angel, Shlomo. Planet of Cities. Lincoln Institute of Land Policy, 2012, pp. 178 (Figure
11.7)

100. Xu, Gang, et al. ‘How Does Urban Population Density Decline over Time? An

Exponential Model for Chinese Cities with International Comparisons’. Landscape and
Urban Planning, vol. 183, Mar. 2019, pp. 59-67. DOI.org (Crossref),
https://doi.org/10.1016/j.landurbplan.2018.11.005.

101. Newling, Bruce E. “The Spatial Variation of Urban Population Densities.” Geographical
Review, vol. 59, no. 2, Apr. 1969, p. 242, https://doi.org/10.2307/213456. Accessed 20 Sep.
2025.

102. Pénzes, Janos, et al. ‘Changes in the Patterns of Population Distribution and Built-Up

Areas of the Rural-Urban Fringe in Post-Socialist Context—A Central European Case
Study’. Land, vol. 12, no. 9, Aug. 2023, p. 1682. DOI.org (Crossref),
https://doi.org/10.3390/1and12091682.

103. Bertaud, Alain. "The Spatial Structures of Central and Eastern European Cities: More
European than Socialist?" Winds of Societal Change: Remaking Post-communist Cities,
International Symposium on Post-communist Cities, Russian and East European Center,

University of Illinois at Urbana-Champaign, 17-19 June 1999.

https://www.researchgate.net/publication/242702832_The_Spatial_Structures_of_Centr

al_and_Eastern Furopean_cities_more_European_than_Socialist.
104. Binder, Denis. ‘Some Rough Historical Parallels Between South Africa and the United

States’. Journal of Comparative Urban Law and Policy, vol. 1, no. 1, May 2017,
https://readingroom.law.gsu.edu/jculp/voll/iss1/16.

105. Maharaj, Brij, and Jabulnil Mpungose. ‘The Erosion of Residential Segregation in
South Africa: The “Greying” of Albert Park in Durban’. Geoforum, vol. 25, no. 1, Feb.
1994, pp. 19-32. DOI.org (Crossref), https://doi.org/10.1016/0016-7185(94)90003-5.

106. Guterbock, Thomas M. ‘The Beginning and the End of Urban Population



https://bonndoc.ulb.uni-bonn.de/xmlui/handle/20.500.11811/6122
https://bonndoc.ulb.uni-bonn.de/xmlui/handle/20.500.11811/6122
https://proceedings.esri.com/library/userconf/proc97/proc97/to300/pap298/p298.htm
https://api.semanticscholar.org/CorpusID:198113625
https://doi.org/10.1111/pirs.12365
http://links.jstor.org/sici?sici=0035-9238%281951%29114%3A4%3C490%3AUPD%3E2.0.CO%3B2-G
http://links.jstor.org/sici?sici=0035-9238%281951%29114%3A4%3C490%3AUPD%3E2.0.CO%3B2-G
https://doi.org/10.1016/j.landurbplan.2018.11.005
https://doi.org/10.2307/213456
https://doi.org/10.3390/land12091682
https://www.researchgate.net/publication/242702832_The_Spatial_Structures_of_Central_and_Eastern_European_cities_more_European_than_Socialist
https://www.researchgate.net/publication/242702832_The_Spatial_Structures_of_Central_and_Eastern_European_cities_more_European_than_Socialist
https://readingroom.law.gsu.edu/jculp/vol1/iss1/16
https://doi.org/10.1016/0016-7185(94)90003-5

Deconcentration in the United States: New Insights from Application of the Density
Distribution Index’. Cities, vol. 118, Nov. 2021, p. 103349. DOI.org (Crossref),
https://doi.org/10.1016/j.cities.2021.103349.

107. Rontos, Kostas, et al. ‘Suburbanization: A Post World War II Phenomenon in the

Athens Metropolitan Area, Greece’. 2006. www.econstor.eu,
https://www.econstor.eu/handle/10419/118587.

108. Berndgen-Kaiser, Andrea, et al. ‘Post-War Single-Family Houses in Europe under
Pressure? A Demographic and Economic Framework for the Future Market of Elder
Single-Family Housing Neighbourhoods’. Articulo - Revue de Sciences Humaines, 2016.
DOI.org (Crossref), https://doi.org/10.4000/articulo.3021.

109. Nakai, Norihiro. ‘Urbanization Promotion and Control in Metropolitan Japan’.

Planning Perspectives, vol. 3, no. 2, May 1988, pp. 197-216. DOI.org (Crossref),
https://doi.org/10.1080/02665438808725659.

110. Sorensen, André. The Making of Urban Japan: Cities and Planning from Edo to the
Twenty First Century. 1st ed., Routledge, 2005. DOI.org (Crossref),
https://doi.org/10.4324/9780203993927.

111. Musiaka, Lukasz, et al. ‘Spatial Chaos as a Result of War Damage and Post-War
Transformations. Example of the Small Town of Wegorzewo’. Land, vol. 10, no. 5, May
2021, p. 541. DOI.org (Crossref), https://doi.org/10.3390/land10050541.

112. Hirt, Sonia. ‘Whatever Happened to the (Post)Socialist City?’ Cities, vol. 32, Jul. 2013,
pp. S29-38. DOL.org (Crossref), https://doi.org/10.1016/j.cities.2013.04.010.

113. Tomaszewicz, Agnieszka, and Joanna Majczyk. ‘From Breslau to Wroctaw: Urban

Development of the Largest City of the Polish “Regained Lands” under Socialism’. Urban
Planning During Socialism, Routledge, 2023, pp. 35.

114. Lankots, Epp. ‘Planning Urban Peripheries for Leisure: The Plan for Greater Tallinn,
1960-1962’. Urban Planning During Socialism, Routledge, 2023.

115. Smith, David M. ‘The Socialist City’. Cities After Socialism, edited by Gregory Andrusz
et al., 1st ed., Wiley, 1996, pp. 70-99. DOI.org (Crossref),
https://doi.org/10.1002/9780470712733.ch3.

116. Becker, Charles M., et al. Russian Urbanization in the Soviet and Post-Soviet Eras. With

International Institute for Environment and Development. and United Nations

Population Fund., Human Settlements Group, 2012. Urbanization and Emerging
Population Issues Working Paper 9, pp. 44-48.

117. Marin, Vera, and Liviu Chelcea. ‘The Many (Still) Functional Housing Estates of
Bucharest, Romania: A Viable Housing Provider in Europe’s Densest Capital City’.
Housing Estates in Europe, edited by Daniel Baldwin Hess et al., Springer International
Publishing, 2018, pp. 167-90. DOI.org (Crossref), https://doi.org/10.1007/978-3-319-92813-
5_8.

118. Teodorescu, Dominic. ‘The Modern Mahala: Making and Living in Romania’s
Postsocialist Slum’. Eurasian Geography and Economics, vol. 59, nos. 3-4, May 2018, pp.
436-61. DOILorg (Crossref), https://doi.org/10.1080/15387216.2019.1574433.



https://doi.org/10.1016/j.cities.2021.103349
https://www.econstor.eu/handle/10419/118587
https://doi.org/10.4000/articulo.3021
https://doi.org/10.1080/02665438808725659
https://doi.org/10.4324/9780203993927
https://doi.org/10.3390/land10050541
https://doi.org/10.1016/j.cities.2013.04.010
https://doi.org/10.1002/9780470712733.ch3
https://doi.org/10.1007/978-3-319-92813-5_8
https://doi.org/10.1007/978-3-319-92813-5_8
https://doi.org/10.1080/15387216.2019.1574433

119. Davila, Julio D. Recent Changes in Production and Population in Bogotd, Colombia: A
Successful Case of Clark's Law? Working Paper No. 70, May 1995, University College
London, https://www.ucl.ac.uk/bartlett/sites/bartlett/files/migrated-files/WP70_0.pdf.

120. Mookherjee, Debnath, et al. ‘Dynamics of an Evolving City-Region in the Developing
World: The National Capital Region of Delhi Revisited’. International Planning Studies,
vol. 20, nos. 1-2, Apr. 2015, pp. 146-60. DOI.org (Crossref),
https://doi.org/10.1080/13563475.2014.942515.

121. Randolph, Gregory F, and Michael Storper. ‘Is Urbanisation in the Global South
Fundamentally Different? Comparative Global Urban Analysis for the 21st Century’.
Urban Studies, vol. 60, no. 1, Jan. 2023, pp. 3-25. DOI.org (Crossref),
https://doi.org/10.1177/00420980211067926.

122. Lang-Ritter, Josias, et al. ‘Global Gridded Population Datasets Systematically

Underrepresent Rural Population’. Nature Communications, vol. 16, no. 1, Mar. 2025, p.
2170. DOI.org (Crossref), https://doi.org/10.1038/s41467-025-56906-7.
123. Kaplan, Jed O., et al. “The Prehistoric and Preindustrial Deforestation of Europe’.

Quaternary Science Reviews, vol. 28, nos. 27-28, Dec. 2009, pp. 3016-34. DOI.org
(Crossref), https://doi.org/10.1016/j.quascirev.2009.09.028.

124. Hurtt, George C., et al. ‘Harmonization of Global Land Use Change and Management
for the Period 850-2100 (LUH2) for CMIP6’. Geoscientific Model Development, vol. 13,
no. 11, Nov. 2020, pp. 5425-64. DOI.org (Crossref), https://doi.org/10.5194/gmd-13-5425-
2020.

125. Kaplan, Jed O, and Kristen M Krumhardt. ‘The KK10 Anthropogenic Land Cover
Change Scenario for the Preindustrial Holocene, Link to Data in NetCDF Format’.
PANGAEA, 2011. DOI.org (Datacite), https://doi.org/10.1594/PANGAEA.871369.
Application/x-netcdf.

126. Woytinsky, Wladimir S. World Population and Production: Trends and Outlook. New
York, Twentieth Century Fund, 1953. Internet Archive,

https://archive.org/details/worldpopulationp0000woyt.
127. Prins, A., and Edgar de Bruyne, editors. Winkler Prins Encyclopaedie. Vol. 6, Elsevier,

1947. Internet Archive, https://archive.org/details/winklerprinsency06prin.
128. Winkler Prins Atlas. Elsevier, 1950,

https://books.google.com/books?id=ExJTKOAEACAA].

129. Spengler, Joseph J. ‘COLIN CLARK. Population Growth and Land Use. Pp. Xi, 406. New
York: St. Martin’s Press, 1967. $14.00’. The ANNALS of the American Academy of Political
and Social Science, vol. 380, no. 1, Nov. 1968, pp. 228-228. DOI.org (Crossref),
https://doi.org/10.1177/000271626838000189.

130. Tuve, George L. Energy, Environment, Populations, and Food: Our 4 Interdependent
Crises. Wiley, 1976. A Wiley-Interscience Publication.

131. Winkler Prins jaarboek; 1970. Elsevier, 1970.

132. McEvedy, Colin, et al. Atlas of World Population History. Lane, 1978.

133. Biraben, J.N. ‘An Essay Concerning Mankind’s Demographic Evolution’. Journal of


https://www.ucl.ac.uk/bartlett/sites/bartlett/files/migrated-files/WP70_0.pdf
https://doi.org/10.1080/13563475.2014.942515
https://doi.org/10.1177/00420980211067926
https://doi.org/10.1038/s41467-025-56906-7
https://doi.org/10.1016/j.quascirev.2009.09.028
https://doi.org/10.5194/gmd-13-5425-2020
https://doi.org/10.5194/gmd-13-5425-2020
https://doi.org/10.1594/PANGAEA.871369
https://archive.org/details/worldpopulationp0000woyt
https://archive.org/details/winklerprinsency06prin
https://books.google.com/books?id=ExJk0AEACAAJ
https://doi.org/10.1177/000271626838000189

Human Evolution, vol. 9, no. 8, Dec. 1980, pp. 655-63. DOI.org (Crossref),
https://doi.org/10.1016/0047-2484(80)90099-8.

134. Turner, B. L., et al., editors. The Earth as Transformed by Human Action: Global and
Regional Changes in the Biosphere over the Past 300 Years; [Based on Papers Presented at a
Symposium Held at Clark University, Worcester, Mass. on Oct. 25 - 30, 1987]. Reprint,
Cambridge University Press [u.a.], 1997.

135. Grigg, David. "The Industrial Revolution and Land Transformation." Land
Transformation in Agriculture, edited by M. G. Wolman and F. G. A. Fournier, John Wiley
& Sons, 1987, pp. 79-109.

136. Demeny, Paul. ‘World Population Trends’. Current History, vol. 88, no. 534, Jan. 1989,
pp. 17-19. DOI.org (Crossref), https://doi.org/10.1525/curh.1989.88.534.17.

137. Stern, David I., and Robert K. Kaufmann. Estimates of Global Anthropogenic Sulfate

Emissions, 1860-1993. Center for Energy and Environmental Studies Working Paper
Series no. 9602, Boston University, Apr. 1996, https://openresearch-
repository.anu.edu.au/server/api/core/bitstreams/c0a767da-a2b3-4757-alaa-
6ef0be01cb0c/content.

138. Nations Unies. Département des Affaires Economiques et Sociales Internationales.

Long-Range World Population Projections : Two Centuries of Population Growth: 1950-
2150. New York, NY, United Nations, 1992.

139. Hammond, Allen L. and World Resources Institute, editors. World Resources 1990-91: A
Report. Oxford Univ. Pr, 1990.

140. Kapitsa, S. ‘[A model of world population growth as an experiment in systematic
research]’. Voprosy Statistiki (Moscow, Russia: 1994), no. 8, 1997, pp. 46-57.

141. Kremer, M. ‘Population Growth and Technological Change: One Million B.C. to 1990’.
The Quarterly Journal of Economics, vol. 108, no. 3, Aug. 1993, pp. 681-716. DOI.org
(Crossref), https://doi.org/10.2307/2118405.

142. DSpace. https://rivm.openrepository.com/handle/10029/10075. Accessed 21 Sep. 2025.

143. Maddison, Angus. World Economy: A Millennial Perspective. Overseas Press, 2003.

144. Kaneda, Toshiko, and Carl Haub. “How Many People Have Ever Lived on Earth?”
Population Reference Bureau, 18 May 2021, www.prb.org/articles/how-many-people-
have-ever-lived-on-earth/.

145. Klein Goldewijk, Kees, et al. “The HYDE 3.1 Spatially Explicit Database of Human-

induced Global Land-use Change over the Past 12,000 Years’. Global Ecology and

Biogeography, vol. 20, no. 1, Jan. 2011, pp. 73-86. DOI.org (Crossref),
https://doi.org/10.1111/j.1466-8238.2010.00587.x.

146. United Nations. “Population Division Department of Economic and Social Affairs
United Nations Secretariat the World at Six Billion.” 1999,

https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files

/files/documents/2020/Jan/un_1999_6billion.pdf.
147. United Nations. “World Population Prospects, the 2012 Revision.” Archive.org, 2015,

https://web.archive.org/web/20140320035709/http:/esa.un.org/unpd/wpp/unpp/panel_p



https://doi.org/10.1016/0047-2484(80)90099-8
https://doi.org/10.1525/curh.1989.88.534.17
https://openresearch-repository.anu.edu.au/server/api/core/bitstreams/c0a767da-a2b3-4757-a1aa-6ef0be01cb0c/content
https://openresearch-repository.anu.edu.au/server/api/core/bitstreams/c0a767da-a2b3-4757-a1aa-6ef0be01cb0c/content
https://openresearch-repository.anu.edu.au/server/api/core/bitstreams/c0a767da-a2b3-4757-a1aa-6ef0be01cb0c/content
https://doi.org/10.2307/2118405
https://rivm.openrepository.com/handle/10029/10075
http://www.prb.org/articles/how-many-people-have-ever-lived-on-earth/
http://www.prb.org/articles/how-many-people-have-ever-lived-on-earth/
https://doi.org/10.1111/j.1466-8238.2010.00587.x
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/files/documents/2020/Jan/un_1999_6billion.pdf
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/files/documents/2020/Jan/un_1999_6billion.pdf
https://web.archive.org/web/20140320035709/http:/esa.un.org/unpd/wpp/unpp/panel_population.htm

opulation.htm. Accessed 21 Sept. 2025.

148. United Nations. World Population Prospects 2019 Data Booklet. 2019.

149. United Nations. “World Population Prospects 2024.” United Nations, 2024,
https://population.un.org/wpp/. Accessed 21 Sept. 2025.

150. United States Census Bureau. “International Database.” Census.gov, 2025,
www.census.gov/data-
tools/demo/idb/#/dashboard?dashboard_page=country& COUNTRY_ YR ANIM=2025.
Accessed 21 Sept. 2025.

151. Macrotrends. “World Population 1950-2024.” Macrotrends.net, 2024,
http://www.macrotrends.net/global-metrics/countries/WLD/world/population.
Accessed 21 Sept. 2025.

152. Gapminder. “Gapminder Tools.” Gapminder, 2023, www.gapminder.org/tools/#.
Accessed 21 Sept. 2025.

153. De Long, J. Estimates of World GDP, One Million B.C. - Present. 1998,
https://delong.typepad.com/print/20061012_LRWGDP.pdf.

154. Moreno-Lizaranzu, Manuel, and Federico Cuesta. ‘Improving Electronic Sensor
Reliability by Robust Outlier Screening’. Sensors, vol. 13, no. 10, Oct. 2013, pp. 13521-42.
DOlI.org (Crossref), https://doi.org/10.3390/s131013521.

155. Chen, Hao, et al. ‘Smart GDBC Screening for High Quality IPD’. 2018 E-Manufacturing &
Design Collaboration Symposium (eMDC), 2018, pp. 1-4.

156. Amrogowicz, Sebastian, et al. ‘An Edge Detection Method Using Outer Totalistic
Cellular Automata’. Neurocomputing, vol. 214, Nov. 2016, pp. 643-53. DOI.org (Crossref),
https://doi.org/10.1016/j.neucom.2016.05.092.

157. Koch, Alexander, et al. ‘Earth System Impacts of the European Arrival and Great Dying
in the Americas after 1492’. Quaternary Science Reviews, vol. 207, Mar. 2019, pp. 13-36.
DOlI.org (Crossref), https://doi.org/10.1016/j.quascirev.2018.12.004.

158. Kelly, Robert L., et al. ‘Spatiotemporal Distribution of the North American Indigenous

Population Prior to European Contact’. Proceedings of the National Academy of Sciences,
vol. 122, no. 6, Feb. 2025, p. €2419454122. DOI.org (Crossref),
https://doi.org/10.1073/pnas.2419454122.

159. Sikora, Martin, et al. ‘The Population History of Northeastern Siberia since the
Pleistocene’. Nature, vol. 570, no. 7760, Jun. 2019, pp. 182-88. DOI.org (Crossref),
https://doi.org/10.1038/s41586-019-1279-7.

160. Wong, Emily H.M., et al. ‘Reconstructing Genetic History of Siberian and Northeastern

European Populations’. Genome Research, vol. 27, no. 1, Jan. 2017, pp. 1-14. DOLorg
(Crossref), https://doi.org/10.1101/gr.202945.115.

161. Warmerdam, Frank, and Even Rouault. “Gdalwarp — GDAL Documentation.”
Gdal.org, 2025, https://gdal.org/en/stable/programs/gdalwarp.html. Accessed 21 Sept.
2025.

162. Uhl, Johannes H., et al. ‘Exposing the Urban Continuum: Implications and Cross-

Comparison from an Interdisciplinary Perspective’. International Journal of Digital


https://web.archive.org/web/20140320035709/http:/esa.un.org/unpd/wpp/unpp/panel_population.htm
https://population.un.org/wpp/
http://www.census.gov/data-tools/demo/idb/#/dashboard?dashboard_page=country&COUNTRY_YR_ANIM=2025
http://www.census.gov/data-tools/demo/idb/#/dashboard?dashboard_page=country&COUNTRY_YR_ANIM=2025
http://www.macrotrends.net/global-metrics/countries/WLD/world/population
http://www.gapminder.org/tools/
https://delong.typepad.com/print/20061012_LRWGDP.pdf
https://doi.org/10.3390/s131013521
https://doi.org/10.1016/j.neucom.2016.05.092
https://doi.org/10.1016/j.quascirev.2018.12.004
https://doi.org/10.1073/pnas.2419454122
https://doi.org/10.1038/s41586-019-1279-z
https://doi.org/10.1101/gr.202945.115
https://gdal.org/en/stable/programs/gdalwarp.html

Earth, vol. 13, no. 1, Jan. 2020, pp. 22-44. DOILorg (Crossref),
https://doi.org/10.1080/17538947.2018.1550120.

163. Lebakula, Viswadeep, et al. ‘LandScan Global 30 Arcsecond Annual Global Gridded
Population Datasets from 2000 to 2022’. Scientific Data, vol. 12, no. 1, Mar. 2025, p. 495.
DOl.org (Crossref), https://doi.org/10.1038/s41597-025-04817-z.

164. Rose, Amy N., and Eddie Bright. "The LandScan Global Population Distribution
Project: Current State of the Art and Prospective Innovation." Computational Sciences
and Engineering Division, Oak Ridge National Laboratory. 2012,
https://paa2014.populationassociation.org/papers/143242.

165. Devys, Emmanuel, et al. “GeoTIFF | NASA Earthdata.” NASA Earthdata, Mar. 2021,
www.earthdata.nasa.gov/about/esdis/esco/standards-practices/geotiff.

166. Nevle, Richard J., and Dennis K. Bird. ‘Effects of Syn-Pandemic Fire Reduction and

Reforestation in the Tropical Americas on Atmospheric CO2 during European

Conquest’. Palaeogeography, Palaeoclimatology, Palaeoecology, vol. 264, nos. 1-2, Jul.
2008, pp. 25-38. DOI.org (Crossref), https://doi.org/10.1016/j.palaeo.2008.03.008.

167. Williams, Robert. “Twitter.” Twitter, 2020,
https://web.archive.org/web/20200922183825/https:/twitter.com/RWArchaeology/status
/1308447051752103938. Accessed 21 Sept. 2025.

168. Driver, Harold E., and William C. Massey. ‘Comparative Studies of North American

Indians’. Transactions of the American Philosophical Society, vol. 47, no. 2, 1957, p. 165.
DOI.org (Crossref), https://doi.org/10.2307/1005714.

169. Milner, George R, and George Chaplin. “EASTERN NORTH AMERICAN POPULATION
at CA. A.D. 1500.” American Antiquity, vol. 75, no. 4, 2010, pp. 707-726. JSTOR,
www.jstor.org/stable/25766228, https://doi.org/10.2307/25766228. Accessed 21 Sept.
2025.

170. Dye, Tom. "Population Trends in Hawaii before 1778." Hawaiian Journal of History, vol.
28, 1994, pp. 1-20.

171. Swanson, David. ‘A New Estimate of the Hawaiian Population for 1778, the Year of First
European Contact’. SSRN Electronic Journal, 2019. DOILorg (Crossref),
https://doi.org/10.2139/ssrn.3917957.

172. Krzywicki, Ludwik. Primitive Society and Its Vital Statistics. Macmillan, 1934.
Publications of the Polish Sociological Institute.

173. Jones, Eric E. ‘Population History of the Onondaga and Oneida Iroquois, A.D. 1500-
1700’. American Antiquity, vol. 75, no. 2, Apr. 2010, pp. 387-407. DOI.org (Crossref),
https://doi.org/10.7183/0002-7316.75.2.387.

174. Bird, Darcy, et al. ‘P3kl4c, a Synthetic Global Database of Archaeological Radiocarbon
Dates’. Scientific Data, vol. 9, no. 1, Jan. 2022, p. 27. DOI.org (Crossref),
https://doi.org/10.1038/s41597-022-01118-7.

175. Beale, Robert. Investigating the Relative Uncertainty of the Degree of Urbanisations Output
Classifications Using Four Population Models, Nigeria. Sep. 2022.

176. Tay, Andy. ‘Three Ways Researchers Can Avoid Common Programming Bugs’. Nature


https://doi.org/10.1080/17538947.2018.1550120
https://doi.org/10.1038/s41597-025-04817-z
https://paa2014.populationassociation.org/papers/143242
http://www.earthdata.nasa.gov/about/esdis/esco/standards-practices/geotiff
https://doi.org/10.1016/j.palaeo.2008.03.008
https://web.archive.org/web/20200922183825/https:/twitter.com/RWArchaeology/status/1308447051752103938
https://web.archive.org/web/20200922183825/https:/twitter.com/RWArchaeology/status/1308447051752103938
https://doi.org/10.2307/1005714
https://doi.org/10.2307/25766228
https://doi.org/10.2139/ssrn.3917957
https://doi.org/10.7183/0002-7316.75.2.387
https://doi.org/10.1038/s41597-022-01118-7

Index, 10 Nov. 2020, https://www.nature.com/nature-index/news/three-ways-

researchers-science-can-avoid-common-programming-bugs-errors.
177. Yunusbaev, Ural, et al. ‘Recent Effective Population Size in Eastern European Plain

Russians Correlates with the Key Historical Events’. Scientific Reports, vol. 10, no. 1, Jun.
2020, p. 9729. DOI.org (Crossref), https://doi.org/10.1038/s41598-020-66734-y.

178. Hartley, Janet M. Siberia: A History of the People. Yale University Press, 2019.

179. Rink, Elizabeth, et al. ‘An Ecological Approach to Understanding Women’s
Reproductive Health and Pregnancy Decision Making in Greenland’. Health & Place, vol.
77, Sep. 2022, p. 102868. DOI.org (Crossref),
https://doi.org/10.1016/j.healthplace.2022.102868.

180. Xiong, Victor Cunrui, and Kenneth James Hammond. Routledge Handbook of Imperial
Chinese History. Routledge, 2019, pp. 222.

181. Ringmar, Erik. ‘5. The Mongol Khanates’. History of International Relations, by Erik
Ringmar, 1st ed., Open Book Publishers, 2019, pp. 100-25. DOI.org (Crossref),
https://doi.org/10.11647/0BP.0074.05.

182. Bennett, James S., et al. ‘Cliopatria - A Geospatial Database of World-Wide Political
Entities from 3400BCE to 2024CE’. Scientific Data, vol. 12, no. 1, Feb. 2025, p. 247.
DOlI.org (Crossref), https://doi.org/10.1038/s41597-025-04516-9.

183. Forsyth, James. A History of the Peoples of Siberia: Russia’s North Asian Colony, 1581 -
1990. Nachdr., Cambridge Univ. Press, 2010, pp. 81.

184. Masson, Marilyn A., et al. ‘Postclassic Maya Population Recovery and Rural Resilience

in the Aftermath of Collapse in Northern Yucatan’. Journal of Anthropological
Archaeology, vol. 76, Dec. 2024, p. 101610. DOI.org (Crossref),
https://doi.org/10.1016/j.jaa.2024.101610.

185. Middleton, Guy D. ‘A Tale of Three Cities: Urban and Cultural Resilience and Heritage
between the Late Bronze Age and Early Iron Age in the Eastern Mediterranean’. Urban
History, vol. 48, no. 4, Nov. 2021, pp. 724-48. DOI.org (Crossref),
https://doi.org/10.1017/S0963926820000607.

186. Laghmouche, Boubakar, et al. ‘Urban Changes in Late Roman North African Cities:
Thamugadi (Timgad, Algeria) as a Case Study’. Innovative Approaches to Cultural Heritage
and Sustainable Urban Development: Integrating Tradition and Modernity, by Alanya
University and Rokhsaneh Rahbarianyazd, edited by Hourakhsh Ahmadnia, Cinius
Yayinlari, 2024, pp. 219-27. DOI.org (Crossref),
https://doi.org/10.38027/N15ICCAUA2024EN0172.

187. Wilson, Andrew I. “Mediterranean Urbanisation in North Africa: Greek, Punic and

Roman Models.” Urbanisation and State Formation in the Ancient Sahara and Beyond. Ed.
Martin Sterry and David J. Mattingly. Cambridge: Cambridge University Press, 2020.
396-437. Print. Trans-Saharan Archaeology.

188. Jahan, Tarannum, and Mohammad Firoze Quamar. ‘The “4.2 Ka Drought Event” and
the Fall of the Harappan Civilization: A Critical Review’. Review of Palaeobotany and
Palynology, vol. 331, Dec. 2024, p. 105187. DOI.org (Crossref),


https://www.nature.com/nature-index/news/three-ways-researchers-science-can-avoid-common-programming-bugs-errors
https://www.nature.com/nature-index/news/three-ways-researchers-science-can-avoid-common-programming-bugs-errors
https://doi.org/10.1038/s41598-020-66734-y
https://doi.org/10.1016/j.healthplace.2022.102868
https://doi.org/10.11647/OBP.0074.05
https://doi.org/10.1038/s41597-025-04516-9
https://doi.org/10.1016/j.jaa.2024.101610
https://doi.org/10.1017/S0963926820000607
https://doi.org/10.38027/N15ICCAUA2024EN0172

https://doi.org/10.1016/j.revpalbo.2024.105187.

189. Pajares, Elias, et al. ‘Population Disaggregation on the Building Level Based on
Outdated Census Data’. ISPRS International Journal of Geo-Information, vol. 10, no. 10,
Oct. 2021, p. 662. DOI.org (Crossref), https://doi.org/10.3390/ijgi10100662.

190. Clarke, Keith C. "A Comparative Analysis of Polygon to Raster Interpolation Methods."
Photogrammetric Engineering and Remote Sensing, vol. 51, no. 5, May 1985, pp. 575-582.
American Society for Photogrammetry and Remote Sensing, https://www.asprs.org/wp-
content/uploads/pers/1985journal/may/1985_may_575-582.pdf.

191. Fisher, Peter, et al. ‘Approaches to Uncertainty in Spatial Data’. Fundamentals of Spatial
Data Quality, edited by Rodolphe Devillers and Robert Jeansoulin, 1st ed., Wiley, 2006,
pp. 43-59. DOI.org (Crossref), https://doi.org/10.1002/9780470612156.ch3.

192. Atkinson, Peter M., and David K. Naser. ‘A Geostatistically Weighted k -NN Classifier

for Remotely Sensed Imagery. 1#/&E RIS THINLK-NN43> ZE28:8/F 90, Geographical
Analysis, vol. 42, no. 2, Apr. 2010, pp. 204-25. DOI.org (Crossref),
https://doi.org/10.1111/j.1538-4632.2010.00790.x.

193. Durand, John D. “Historical Estimates of World Population: An Evaluation.”

Population and Development Review, vol. 3, no. 3, Sept. 1977, p. 253,
https://doi.org/10.2307/1971891.

194. Mulligan, Gordon F., and Jason P. Crampton. ‘Population Growth in the World’s
Largest Cities’. Cities, vol. 22, no. 5, Oct. 2005, pp. 365-80. DOIL.org (Crossref),
https://doi.org/10.1016/j.cities.2005.07.001.

195. Joyandeh, Arian. “Hyde Portal.” Geo.uu.nl, 2025, https://hyde-portal.geo.uu.nl/.
Accessed 21 Sept. 2025.

196. Ittmann, Karl, et al. The Demographics of Empire. Ohio University Press, 15 Nov. 2010,
pp. 10-11, https://books.google.co.uk/books?hl=en&Ilr=&id=9SFqPv60GlsC. Accessed 21
Sept. 2025.

197. Reid, Alice. ‘Why a Long-Term Perspective Is Beneficial for Demographers’. Population
Studies, vol. 75, no. supl, Dec. 2021, pp. 157-77. DOIL.org (Crossref),
https://doi.org/10.1080/00324728.2021.2002393.

198. Chase-Dunn, Christopher, et al. Uneven Urban Development: Largest Cities since the Late

Bronze Age. IROWS Working Paper no. 98, Institute for Research on World-Systems,
University of California, Riverside, 2015,
https://irows.ucr.edu/papers/irows98/irows98.htm.

199. Our World In Data. “Urban and Rural Population Projected to 2050.” Our World in
Data, 2023, https://ourworldindata.org/grapher/urban-and-rural-population-2050.
Accessed 21 Sept. 2025.

200. Chakraborty, Tc, et al. ‘Large Disagreements in Estimates of Urban Land across Scales

and Their Implications’. Nature Communications, vol. 15, no. 1, Oct. 2024, p. 9165.

DOl.org (Crossref), https://doi.org/10.1038/s41467-024-52241-5.

201. Klein Goldewijk, Kees, and Peter H. Verburg. ‘Uncertainties in Global-Scale
Reconstructions of Historical Land Use: An Illustration Using the HYDE Data Set’.


https://doi.org/10.1016/j.revpalbo.2024.105187
https://doi.org/10.3390/ijgi10100662
https://www.asprs.org/wp-content/uploads/pers/1985journal/may/1985_may_575-582.pdf
https://www.asprs.org/wp-content/uploads/pers/1985journal/may/1985_may_575-582.pdf
https://doi.org/10.1002/9780470612156.ch3
https://doi.org/10.1111/j.1538-4632.2010.00790.x
https://doi.org/10.2307/1971891
https://doi.org/10.1016/j.cities.2005.07.001
https://hyde-portal.geo.uu.nl/
https://books.google.co.uk/books?hl=en&lr=&id=9SFqPv6oGlsC
https://doi.org/10.1080/00324728.2021.2002393
https://irows.ucr.edu/papers/irows98/irows98.htm
https://ourworldindata.org/grapher/urban-and-rural-population-2050
https://doi.org/10.1038/s41467-024-52241-5

Landscape Ecology, vol. 28, no. 5, May 2013, pp. 861-77. DOI.org (Crossref),
https://doi.org/10.1007/s10980-013-9877-x.

202. Mennis, Jeremy. ‘Generating Surface Models of Population Using Dasymetric
Mapping’. The Professional Geographer, vol. 55, no. 1, Feb. 2003, pp. 31-42. DOIL.org
(Crossref), https://doi.org/10.1111/0033-0124.10042.

203. Ortman, Scott G., et al. ‘The Pre-History of Urban Scaling’. PLoS ONE, edited by
Stephen Shennan, vol. 9, no. 2, Feb. 2014, p. e87902. DOI.org (Crossref),
https://doi.org/10.1371/journal.pone.0087902.

204. Lahmeyer, Jan. “EGYPT: Urban Population.” Populstat.info, 2003,
https://populstat.info/Africa/egyptt.htm. Accessed 21 Sept. 2025.

205. Churchman, Arza. ‘Disentangling the Concept of Density’. Journal of Planning
Literature, vol. 13, no. 4, May 1999, pp. 389-411. DOI.org (Crossref),
https://doi.org/10.1177/08854129922092478.

206. Angel, Shlomo, et al. ‘Anatomy of Density: Measurable Factors That Constitute Urban
Density’. Buildings and Cities, vol. 2, no. 1, Mar. 2021, pp. 264-82. DOI.org (Crossref),
https://doi.org/10.5334/bc.91.

207. Zinkina, Julia, Ilya Ilyin, and Andrey Korotayev. "The Nineteenth-Century
Urbanization Transition in the First World." Globalistics and Globalization Studies, 2017,
pp. 164-172,

https://www.sociostudies.org/books/files/globalistics_and_globalization_studies_6/164-
172.pdf.

208. Lees, Andrew, and Lynn Hollen Lees. Europe: 1800-2000. Oxford University Press,
2013. DOI.org (Crossref), https://doi.org/10.1093/oxfordhb/9780199589531.013.0025.

209. Smith, D. A. "World Population Density." Luminocity3D, designed by D. A. Smith, data
by EC JRC & CIESIN, CASA, University College London,
https://luminocity3d.org/WorldPopDen/.

210. Cox, Wendell. Demographia World Urban Areas: 19th Annual Edition (Built Up Urban
Areas or World Agglomerations). August 2023, http://www.demographia.com/db-

worldua.pdf.
211. Bairoch, Paul, and Gary Goertz. ‘Factors of Urbanisation in the Nineteenth Century

Developed Countries: A Descriptive and Econometric Analysis’. Urban Studies, vol. 23,
no. 4, Aug. 1986, pp. 285-305. DOI.org (Crossref),
https://doi.org/10.1080/00420988620080351.

212. Stapleton, Kristin. The Modern City in Asia. First published, Cambridge University
Press, 2022. Elements in Global Urban History.

213. NASA. “Worldview: Explore Your Dynamic Planet.” Worldview, 2025,
https://worldview.earthdata.nasa.gov/2v=-106.56828460772768. Accessed 21 Sept. 2025.

214. Haverbeke, Marijn. “CodeMirror 5.” Codemirror.net, 2025, https://codemirror.net/5/.
Accessed 21 Sept. 2025.

215. Zhen, Fu. “Maptalks - for Building 2D/3D Maps.” Maptalks.org, 2017,
https://maptalks.org/. Accessed 21 Sept. 2025.



https://doi.org/10.1007/s10980-013-9877-x
https://doi.org/10.1111/0033-0124.10042
https://doi.org/10.1371/journal.pone.0087902
https://populstat.info/Africa/egyptt.htm
https://doi.org/10.1177/08854129922092478
https://doi.org/10.5334/bc.91
https://www.sociostudies.org/books/files/globalistics_and_globalization_studies_6/164-172.pdf
https://www.sociostudies.org/books/files/globalistics_and_globalization_studies_6/164-172.pdf
https://doi.org/10.1093/oxfordhb/9780199589531.013.0025
https://luminocity3d.org/WorldPopDen/
http://www.demographia.com/db-worldua.pdf
http://www.demographia.com/db-worldua.pdf
https://doi.org/10.1080/00420988620080351
https://worldview.earthdata.nasa.gov/?v=-106.56828460772768
https://codemirror.net/5/
https://maptalks.org/

216. Edmondson, Shawn, Jon Christensen, Joe Marks, and Stuart Shieber. "A General
Cartographic Labeling Algorithm." Cartographica, vol. 33, no. 4, Winter 1996, pp. 13-23.
Mitsubishi Electric Research Laboratories, TR96-04,
https://www.merl.com/publications/docs/TR96-04.pdf.

217. Scheuerman, Jaelle, et al. ‘Visual Preferences in Map Label Placement’. Discover
Psychology, vol. 3, no. 1, Sep. 2023, p. 27. DOI.org (Crossref),
https://doi.org/10.1007/s44202-023-00088-0.

218. Koren, Miklds, et al. Data and Code Availability Standard. Dec. 2022. DOI.org (Datacite),

https://doi.org/10.5281/ZENODO.7436134.
219. Yankey, Ortis, et al. ‘Disaggregating Census Data for Population Mapping Using a

Bayesian Additive Regression Tree Model’. Applied Geography, vol. 172, Nov. 2024, p.
103416. DOL.org (Crossref), https://doi.org/10.1016/j.apge0g.2024.103416.

220. DARPA. “Putting Social Science Modeling through Its Paces.” Archive.org, 2017,
https://web.archive.org/web/20250202075316/https:/www.darpa.mil/news/2017/social-
science-modeling. Accessed 21 Sept. 2025.

221. Krantz, Tom, and Alexandra Jonker. “Ground Truth in Machine Learning.” Ibm.com,
20 Dec. 2024, www.ibm.com/think/topics/ground-truth.

222. Naugle, Asmeret, et al. “The Ground Truth Program: Simulations as Test Beds for Social
Science Research Methods’. Computational and Mathematical Organization Theory, vol.
29, no. 1, Mar. 2023, pp. 1-19. DOIorg (Crossref), https://doi.org/10.1007/s10588-021-
09346-9.

223. Acheampong, Ransford. Accra: City Scoping Study. African Cities Research

Consortium, 2021, https://www.african-cities.org/wp-

content/uploads/2021/12/ACRC_Accra_City-Scoping-Study.pdf.
224. Brinkhoff, Thomas. “Ghana: Regions, Major Cities & Urban Localities - Population

Statistics, Maps, Charts, Weather and Web Information.” Www.citypopulation.de, 18
Nov. 2021, www.citypopulation.de/en/ghana/cities/. Accessed 21 Sept. 2025.

225. Ronnback, Klas. “Living Standards on the Pre-Colonial Gold Coast: A Quantitative
Estimate of African Laborers’ Welfare Ratios.” European Review of Economic History,
vol. 18, no. 2, 2014, pp. 185-202. JSTOR, http://www.jstor.org/stable/43298641. Accessed
21 Sept. 2025.

226. Quayson, Ato. Oxford Street, Accra: City Life and the Itineraries of Transnationalism. Duke
University Press, 2014. DOI.org (Crossref), https://doi.org/10.1215/9780822376293, pp. 48.

227. themetropoleblog. “Accra, an Archive of Mobility: A Bibliography of the West African
Metropolis.” The Metropole, 7 Nov. 2019, https://themetropole.blog/2019/11/07/accra-

an-archive-of-mobility-a-bibliographv-of-the-west-african-metropolis/#_ftnref6.

Accessed 21 Sept. 2025.
228. Cresti, Federico. “La Population d’Alger et Son Evolution Durant I'Epoque Ottomane:

Un Etat Des Connaissances Controversé.” Arabica, vol. 52, no. 4, 2005, pp. 457-495.
JSTOR, www.jstor.org/stable/4057603, https://doi.org/10.2307/4057603.
229. Plinius, NH Book 3, 19, https://www.gutenberg.org/cache/epub/57493/pg57493.txt.



https://www.merl.com/publications/docs/TR96-04.pdf
https://doi.org/10.1007/s44202-023-00088-0
https://doi.org/10.5281/ZENODO.7436134
https://doi.org/10.1016/j.apgeog.2024.103416
https://web.archive.org/web/20250202075316/https:/www.darpa.mil/news/2017/social-science-modeling
https://web.archive.org/web/20250202075316/https:/www.darpa.mil/news/2017/social-science-modeling
http://www.ibm.com/think/topics/ground-truth
https://doi.org/10.1007/s10588-021-09346-9
https://doi.org/10.1007/s10588-021-09346-9
https://www.african-cities.org/wp-content/uploads/2021/12/ACRC_Accra_City-Scoping-Study.pdf
https://www.african-cities.org/wp-content/uploads/2021/12/ACRC_Accra_City-Scoping-Study.pdf
http://www.citypopulation.de/en/ghana/cities/
http://www.jstor.org/stable/43298641
https://doi.org/10.1215/9780822376293
https://themetropole.blog/2019/11/07/accra-an-archive-of-mobility-a-bibliography-of-the-west-african-metropolis/#_ftnref6
https://themetropole.blog/2019/11/07/accra-an-archive-of-mobility-a-bibliography-of-the-west-african-metropolis/#_ftnref6
https://doi.org/10.2307/4057603
https://www.gutenberg.org/cache/epub/57493/pg57493.txt

230. Pliny the Elder. Pliny's Natural History in Thirty-Seven Books: A Translation on the Basis of
That by Dr. Philemon Holland, ed. 1601. With Critical and Explanatory Notes. Vol. 1, The
Wernerian Club, prlnted by George Barclay, 1847-48, pp 51. Archlve,

phnrlch pdf.
231. Wikipedia Contributors. “Icosium.” Wikipedia, Wikimedia Foundation, 11 June 2025,

https://en.wikipedia.org/wiki/Icosium. Accessed 21 Sept. 2025.

232. Bowman, Alan K, and Andrew Wilson. Settlement, Urbanization, and Population.
Oxford ; New York, Oxford University Press, 2018, p. 184,
https://ndl.ethernet.edu.et/bitstream/123456789/28568/1/196.pdf.pdf. Accessed 21 Sept.
2025.

233. Celik, Zeynep. Urban Forms and Colonial Confrontations : Algiers under French Rule.

Berkeley, University of California Press, 1997, pp. 59-86,

toc.depth=1&toc.id=d0e1202&brand=ucpress.

234. United Nations. “World Urbanization Prospects.” Un.org, 2018,
https://population.un.org/wup/downloads?tab=Urban%?20Agglomerations. Accessed 21
Sept. 2025.

235. Bunnag, Amornrat, et al. “Toward an Historical Demography of Thailand.” Journal of
Population and Social Studies, vol. 20, no. 2, 1 Jan. 2012, pp. 82-108, https://s003.tci-
thaijo.org/index.php/jpss/article/view/84524/67285. Accessed 21 Sept. 2025.

236. Ouyyanont, Porphant. "Bangkok's Population and the Ministry of the Capital in Early
20th Century Thai History." Southeast Asian Studies (Eﬁ@'f v 7’1131”'“) vol. 35, no. 2, 1997,

pPp. 242, https://repository.
96d9-4680-bale-edc26bbcele7/content.
237. Kulachol, Kamthorn. “Bangkok Morphology and Its Old Settlements an Overview.”
MANUSYA, vol. 6, no. 2, 2003, pp. 81-110, https://doi.org/10.1163/26659077-00602004.
238. Van Roy, Edward. Siamese Melting Pot: Ethnic Minorities in the Making of Bangkok. ISEAS
- Yusof Ishak Institute, 2017.

239. La Loubere, Simon de. A New Historical Relation of the Kingdom of Siam. London,
Printed by F. L. for Tho. Horne [and others], 1693. Southeast Asia Visions,
https://digital.library.cornell.edu/catalog/seal30.

240. Vaquer, Jordi, et al. “Metro Futures.” Metrofutures.org, Metro Futures, 2020,
http://www.metrofutures.org/cities/bangkok. Accessed 21 Sept. 2025.

241. Han Guangyao. Bei jing li shi ren kou di li. Bei jing da xue chu ban she, 1996, pp. 137,
230-235.

242. Cao, Shu Ji. The Population History of China (1368-1953). Brill, 2024. The Quantitative
Economic History of China, vol. 7, pp. 301, 363, https://brill.com/display/title/69014.

243. Xu, Yi, et al. “‘Urbanization in China, ca. 1100-1900’. Frontiers of Economics in China,
vol. 13, no. 3, 2018, pp. 322-68,

https://pure.knaw.nl/ws/files/8633887/Urbanization_in_China_ca. 1100_C1900.pdf.



https://ia800905.us.archive.org/15/items/plinysnaturalhis00plinrich/plinysnaturalhis00plinrich.pdf
https://ia800905.us.archive.org/15/items/plinysnaturalhis00plinrich/plinysnaturalhis00plinrich.pdf
https://en.wikipedia.org/wiki/Icosium
https://ndl.ethernet.edu.et/bitstream/123456789/28568/1/196.pdf.pdf
https://publishing.cdlib.org/ucpressebooks/view?docId=ft8c6009jk&chunk.id=d0e1202&toc.depth=1&toc.id=d0e1202&brand=ucpress
https://publishing.cdlib.org/ucpressebooks/view?docId=ft8c6009jk&chunk.id=d0e1202&toc.depth=1&toc.id=d0e1202&brand=ucpress
https://population.un.org/wup/downloads?tab=Urban%20Agglomerations
https://so03.tci-thaijo.org/index.php/jpss/article/view/84524/67285
https://so03.tci-thaijo.org/index.php/jpss/article/view/84524/67285
https://repository.kulib.kyoto-u.ac.jp/server/api/core/bitstreams/c504d7ca-96d9-4680-ba1e-edc26bbce0e7/content
https://repository.kulib.kyoto-u.ac.jp/server/api/core/bitstreams/c504d7ca-96d9-4680-ba1e-edc26bbce0e7/content
https://doi.org/10.1163/26659077-00602004
https://digital.library.cornell.edu/catalog/sea130
http://www.metrofutures.org/cities/bangkok
https://brill.com/display/title/69014
https://pure.knaw.nl/ws/files/8633887/Urbanization_in_China_ca._1100_C1900.pdf

244. Ma, Debin, and Richard Von Glahn, editors. The Cambridge Economic History of
China. 1st ed., Cambridge University Press, 2022. DOI.org (Crossref), pp. 320, 535,
https://doi.org/10.1017/9781108587334.

245. CNU. “& $71: ALy 5. Archive.org, 2025,

kc[learmng[mdex 02_01.htm. Accessed 21 Sept 2025.

246. Gamble, Sidney D., John Stewart Burgess, Princeton University Center in China, and

Peking Young Men's Christian Association. Peking: A Social Survey Conducted under the
Auspices of the Princeton University Center in China and the Peking Young Men's Christian
Association. New York, George H. Doran Company, 1921, p. 94. Internet Archive,
https://archive.org/details/pekingasocialsu02burggoog/page/94/mode/2up.

247. Tapson, Alfred J. ‘Indian Warfare on the Pampa during the Colonial Period’. Hispanic
American Historical Review, vol. 42, no. 1, Feb. 1962, pp. 1-28. DOI.org (Crossref),
https://doi.org/10.1215/00182168-42.1.1.

248. Vicario, César. "Human Capital in South Latin America: The Rio de la Plata Region

between 1744 and 1860." *Revista Uruguaya de Historia Econ6mica*, vol. 4, no. 5, July
2014, pp. 11-33,
https://www.audhe.org.uy/images/stories/upload/Revista/Revista_5/vicario%2011%20a
%2033.pdf.

249. Sanchez, Jose. “Population Buenos Aires City 2023 | Statista.” Statista, Statista, 2023,
www.statista.com/statistics/1475183/population-buenos-aires-argentina/. Accessed 21
Sept. 2025.

250. INDEC. “INDEC: Instituto Nacional de Estadistica Y Censos de La Republica
Argentina.” Www.indec.gob.ar, 2022, www.indec.gob.ar/indec/web/Nivel4-Tema-2-41-
158. Accessed 21 Sept. 2025.

251. Cooper, John P. ‘Babylon of Egypt: The Archaeology of Old Cairo and Origins of the
City (Revised Edition)American Research Centre in Egypt Conservation Series 4 PETER
SHEEHAN 179 Pp., 96 B&w Images, 28 Colour, One Fold-out. The American University
in Cairo Press, 113 Sharia: REVIEWS'. International Journal of Nautical Archaeology, vol.
45, no. 2, Sep. 2016, pp. 472-73. DOL.org (Crossref), https://doi.org/10.1111/1095-
9270.12194.

252. Karelin, Dmitry, Maria Karelina, Tatiana Zhitpeleva, and Peter Sheehan.

"Reconstruction of the Diocletianic Fortress in Babylon of Egypt: Sources and
Reconstruction Argumentation." Virtual Archaeology (from Air, on Earth, under Water and
at Museum): Proceedings of the International Forum held at the State Hermitage Museum,
28-30 May 2018, vol. 3, 2018, pp. 224-233,

https://www.academia.edu/37391135/Reconstruction_of the_Diocletianic_fortress_in

Babylon_of_Egypt_sources_and_reconstruction_argumentation.
253. Worp, K. A. ‘A Checklist of Bishops in Byzantine Egypt’. Zeitschrift Fiir Papyrologie Und

Epigraphik, vol. 100, 1994, pp. 283-318. scholarlypublications.universiteitleiden.nl,
https://hdl.handle.net/1887/8214.


https://doi.org/10.1017/9781108587334
https://web.archive.org/web/20131231001704/http:/greatcourse.cnu.edu.cn/beijingshi/wlkc/learning/index_02_01.htm
https://web.archive.org/web/20131231001704/http:/greatcourse.cnu.edu.cn/beijingshi/wlkc/learning/index_02_01.htm
https://archive.org/details/pekingasocialsu02burggoog/page/94/mode/2up
https://doi.org/10.1215/00182168-42.1.1
https://www.audhe.org.uy/images/stories/upload/Revista/Revista_5/vicario%2011%20a%2033.pdf
https://www.audhe.org.uy/images/stories/upload/Revista/Revista_5/vicario%2011%20a%2033.pdf
http://www.statista.com/statistics/1475183/population-buenos-aires-argentina/
http://www.indec.gob.ar/indec/web/Nivel4-Tema-2-41-158
http://www.indec.gob.ar/indec/web/Nivel4-Tema-2-41-158
https://doi.org/10.1111/1095-9270.12194
https://doi.org/10.1111/1095-9270.12194
https://www.academia.edu/37391135/Reconstruction_of_the_Diocletianic_fortress_in_Babylon_of_Egypt_sources_and_reconstruction_argumentation
https://www.academia.edu/37391135/Reconstruction_of_the_Diocletianic_fortress_in_Babylon_of_Egypt_sources_and_reconstruction_argumentation
https://hdl.handle.net/1887/8214

254. Tore Kjeilen. “Fustat - LookLex Encyclopaedia.” Archive.org, 2025,
https://web.archive.org/web/20200629175726/htt
21 Sept. 2025.

255. Nooraddin, Hosiar. "The Case of al-Fina' in Cairo." City as a Historical and Cultural

:/i-cias.com/e.o/fustat.htm. Accessed

Phenomenon of the Middle East, Norwegian University of Science and Technology
(NTNU), pp. 153,

https://www.ntnu.no/trykk/publikasjoner/hosiar_nooraddin/HTML/files/assets/commo

n/downloads/page0183.pdf.
256. Yagur, Moshe. ‘Living in the City: Jews and Their Residences in Medieval Fustat’. The

Medieval History Journal, vol. 27, no. 2, Nov. 2024, pp. 411-40. DOI.org (Crossref),
https://doi.org/10.1177/09719458241248571.

257. Borsch, Stuart. "Plague Depopulation and Irrigation Decay in Medieval Egypt." The
Medieval Globe, vol. 1 no. 1, 2015, p. 125-156. Project MUSE,
https://dx.doi.org/10.17302/tmg.1-1.6.

258. Christ, Georg. ‘Was there Economic Decline in Mamluk Egypt in the Late Middle

Ages?: Demographic Shock, Industrial Transformation, and a Move Towards a

Knowledge Economy’. Vierteljahrschrift fiir Sozial- und Wirtschaftsgeschichte, vol. 108, no.
2,2021, pp. 190-223. DOI.org (Crossref), https://doi.org/10.25162/vswg-2021-0007.

259. Winter, Michael. Egyptian Society under Ottoman Rule 1517 - 1798. 1. issued in
paperback, Routledge, 2014, pp. 220.

260. McCarthy, Justin A. "Nineteenth-Century Egyptian Population." Middle Eastern Studies,
vol. 12, no. 3, Special Issue on the Middle Eastern Economy, Oct. 1976, pp. 8, 27. JSTOR,
https://www.jstor.org/stable/4282605.

261. United States Census Bureau. “QuickFacts: Chicago City, Illinois.” Census Bureau
QuickFacts, United States Census Bureau, 2022,

http://www.census.gov/quickfacts/chicagocityillinois. Accessed 21 Sept. 2025.
262. FRED. “Resident Population in Cook County, IL.” Stlouisfed.org, 2024,

https://fred.stlouisfed.org/series/ILCOOK1POP.

263. Lutz, Christopher Hayden. Santiago de Guatemala, 1541 - 1773: City, Caste, and the
Colonial Experience. University of Oklahoma Press, 1997.

264. Fendler, Ute. African Studies Centres Around the World: A Network-Based Inventory. 1st
ed., Akademische Verlagsgemeinschaft Miinchen, 2022. DOI.org (Crossref), Figure 2
https://doi.org/10.23780/9783960915874.

265. Borah, Woodrow. ‘Latin American Cities in the Eighteenth Century: A Sketch’. Urban

History Review, Dec. 2013, pp. 7-14. DOLorg (Crossref), https://doi.org/10.7202/1020690ar.
266. Baily, John. Central America; Describing Each of the States: Guatemala, Honduras,

Salvador, Nicaragua, and Costa Rica: Their Natural Features, Products, Population, and

Remarkable Capacity for Colonization. Trelawney Saunders, 1850,

https://ia801903.us.archive.org/15/items/centralamericade00bail/centralamericade00ba

il.pdf.
267. "Guatemala la Nueva." Encyclopedia Britannica, 11th ed., vol. 12, 1911. Wikisource,


https://web.archive.org/web/20200629175726/http:/i-cias.com/e.o/fustat.htm
https://www.ntnu.no/trykk/publikasjoner/hosiar_nooraddin/HTML/files/assets/common/downloads/page0183.pdf
https://www.ntnu.no/trykk/publikasjoner/hosiar_nooraddin/HTML/files/assets/common/downloads/page0183.pdf
https://doi.org/10.1177/09719458241248571
https://dx.doi.org/10.17302/tmg.1-1.6
https://doi.org/10.25162/vswg-2021-0007
https://www.jstor.org/stable/4282605
http://www.census.gov/quickfacts/chicagocityillinois
https://fred.stlouisfed.org/series/ILCOOK1POP
https://doi.org/10.23780/9783960915874
https://doi.org/10.7202/1020690ar
https://ia801903.us.archive.org/15/items/centralamericade00bail/centralamericade00bail.pdf
https://ia801903.us.archive.org/15/items/centralamericade00bail/centralamericade00bail.pdf

https://en.wikisource.org/wiki/1911_Encyclop%C3%Aé6dia_Britannica/Guatemala_la_N

ueva.

268. Jickling, David. “Los Vecinos de Santiago de Guatemala En 1604.” Mesoamérica, vol. 3,

no. 3, 1 Jan. 1982, pp. 145-231, https://www.scribd.com/document/465596631/Los-

Vecinos-de-Santiago-de-Guatemala-en-1604. Accessed 21 Sept. 2025.
269. Lutz, Christopher H. “Antigua (La Antigua Guatemala) | Encyclopedia.com.”

Encyclopedia.com, Cengage, 2025,

http://www.encvclopedia.com/humanities/encvclopedias-almanacs-transcripts-and-

maps/antigua-la-antigua-guatemala. Accessed 21 Sept. 2025.

270. Woodward, Ralph Lee. ‘Economic and Social Origins of the Guatemalan Political
Parties (1773-1823)’. Hispanic American Historical Review, vol. 45, no. 4, Nov. 1965, pp.
544-66. DOI.org (Crossref), https://doi.org/10.1215/00182168-45.4.544.

271. Bassett, Sarah. The Cambridge Companion to Constantinople. Cambridge University
Press, 2022. Cambridge Companions to the Ancient World, pp. 51-52.

272. Jeffreys, Elizabeth M., et al. The Oxford Handbook of Byzantine Studies. Oxford
university press, 2008. Oxford Handbooks, pp. 312-313.

273. Bassett, Sarah. The Cambridge Companion to Constantinople. Cambridge University
Press, 2022. Cambridge Companions to the Ancient World, pp. 45.

274. Jeffreys, Elizabeth M., et al. The Oxford Handbook of Byzantine Studies. Oxford
university press, 2008. Oxford Handbooks, pp. 314.

275. Ehrlich, Blake. “Istanbul - Centuries of Growth.” Encyclopedia Britannica, 17 Sept.
2025, www.britannica.com/place/Istanbul/Centuries-of-growth. Accessed 21 Sept. 2025.

276. Oz, Mehmet. "The Population of Istanbul from the Conquest to the End of the 18th
Century." Istanbul Tarihi, vol. 3, https://i i i

from-the-conquest-to-the-end-of-the-18th-century.

277. Ugur Yunus. "Ottoman Istanbul on a World Scale." History of Istanbul, vol. 1,

278. Karpat, Kemal H. "The Population of Istanbul: From the End of the Eighteenth Century
to the Early Twentieth Century." History of Istanbul, vol. 3, https://istanbultarihi.ist/462-

twentieth-century.
279. Bosworth, Clifford Edmund, editor. Historic Cities of the Islamic World. Brill, 2007. Brill

eBook Titles 2007, pp. 222-223.
280. "Jidda." Encyclopedia Britannica, 11th ed., vol. 15, 1911. Wikisource,

https://en.wikisource.org/wiki/1911_Encyclop%C3%Aé6dia_Britannica/Jidda.
281. Pretorius, Daniel. “The Early Days of Johannesburg - St John’s College.”

Www.stjohnscollege.co.za, St John’s College, 2025,
www.stjohnscollege.co.za/about/history-of-st-johns/the-early-days-of-johannesburg.

Accessed 21 Sept. 2025.
282. "Johannesburg." Encyclopedia Britannica, 11th ed., vol. 15, 1911. Wikisource,

https://en.wikisource.org/wiki/1911_Encyclop%C3%Aé6dia_Britannica/Johannesburg.


https://en.wikisource.org/wiki/1911_Encyclop%C3%A6dia_Britannica/Guatemala_la_Nueva
https://en.wikisource.org/wiki/1911_Encyclop%C3%A6dia_Britannica/Guatemala_la_Nueva
https://www.scribd.com/document/465596631/Los-Vecinos-de-Santiago-de-Guatemala-en-1604
https://www.scribd.com/document/465596631/Los-Vecinos-de-Santiago-de-Guatemala-en-1604
http://www.encyclopedia.com/humanities/encyclopedias-almanacs-transcripts-and-maps/antigua-la-antigua-guatemala
http://www.encyclopedia.com/humanities/encyclopedias-almanacs-transcripts-and-maps/antigua-la-antigua-guatemala
https://doi.org/10.1215/00182168-45.4.544
http://www.britannica.com/place/Istanbul/Centuries-of-growth
https://istanbultarihi.ist/461-the-population-of-istanbul-from-the-conquest-to-the-end-of-the-18th-century
https://istanbultarihi.ist/461-the-population-of-istanbul-from-the-conquest-to-the-end-of-the-18th-century
https://istanbultarihi.ist/383-ottoman-istanbul-on-a-world-scale
https://istanbultarihi.ist/462-the-population-of-istanbul-from-the-end-of-the-eighteenth-century-to-the-early-twentieth-century
https://istanbultarihi.ist/462-the-population-of-istanbul-from-the-end-of-the-eighteenth-century-to-the-early-twentieth-century
https://istanbultarihi.ist/462-the-population-of-istanbul-from-the-end-of-the-eighteenth-century-to-the-early-twentieth-century
https://en.wikisource.org/wiki/1911_Encyclop%C3%A6dia_Britannica/Jidda
http://www.stjohnscollege.co.za/about/history-of-st-johns/the-early-days-of-johannesburg
https://en.wikisource.org/wiki/1911_Encyclop%C3%A6dia_Britannica/Johannesburg

283. Cotton, H. E. A. Calcutta Old and New. W. Newman, 1907, p. 11.
http://asi.nic.in/asi_books/9391.pdf.

284. Deb Roy, Rama. ‘Glimpses on the history of Calcutta, 1600-1800’. Annales de
démographie historique, vol. 1988, no. 1, 1989, pp. 247, 249, 256. DOI.org (Crossref),
https://doi.org/10.3406/adh.1989.1718.

285. The National Cyclopaedia of Useful Knowledge. Vol. 4, Routledge, p. 35. Wikimedia

Commons,

https://commons.wikimedia.org/w/index.php?title=File:The_National_ Cyvclopaedia_of

Useful Knowledge, Vol. IV, Caesar-Cotes-Du-
Nord_(IA_dli.granth.70552).pdf&page=23.

286. O'Malley, L. S. S. Census of India, 1911. Volume VI: City of Calcutta. Part I. Report. Bengal
Secretariat Book Depot, 1913, p. 8.
http://piketty.pse.ens.fr/files/ideologie/data/CensusIndia/CensusIndial911/1911%20-
%20Calcutta%?20-%20Vol%201.pdf.

287. Chandramouli, C. “Kolkata City Population Census 2011-2019 | West Bengal.”
Census2011.Co.in, 2011, www.census2011.co.in/census/city/215-kolkata.html. Accessed
21 Sept. 2025.

288. Dumper, Michael, and Bruce E Stanley. Cities of the Middle East and North Africa: A
Historical Encyclopedia. Santa Barbara, Calif., Abc-Clio, 2007, pp. 229-230,

https://sahistory.org.za/sites/default/files/archive-
files3/michael richard_thomas_dumper_bruce_stanley_citbook4you.org_.pdf.

Accessed 21 Sept. 2025.

289. Al-Loughani, Sheika. “KUNA: Historian: Old Maps Document Presence of Kuwait since
17th Century - Culture & Art - 24/01/2019.” Kuna.net.kw, 13 Nov. 2016,
www.kuna.net.kw/ArticleDetails.aspx?id=2772477&language=en. Accessed 21 Sept.
2025.

290. Lorimer, J. G. Gazetteer of the Persian Gulf, Oman and Central Arabia. Vol. II: Geographical

and Statistical. Government Printing, Calcutta, 1908, p. 1051. Internet Archive,

https://archive.org/details/in.ernet.dli.2015.206964/page/n1103/mode/2up.
291. George, Abosede. "Lagos from the Pepperfarm to the Megacity." Lagos Legacy: Lab

Projects, Applled Forezgn Aﬁ‘alrs Unlver31ty of Apphed Arts Vienna,

discourse/lagos-from-the-pepperfarm-to-the-megacity.

292. Ugboajah, Paul. “Culture-Conflict and Delinquency: A Case Study of Colonial Lagos.”
Eras, vol. 2008, no. 10, 1 Jan. 2008, p. 13,
https://arts.monash.edu/__data/assets/pdf_file/0007/1670623/ugboajah-article.pdf.
Accessed 21 Sept. 2025.

293. Olukoju, Ayodeji. ‘Chapter One. The Spatial and Demographic Contexts of
Infrastructure Development in Colonial and Postcolonial Lagos’. Infrastructure
Development and Urban Facilities in Lagos, 1861-2000, IFRA-Nigeria, 2003, p. 7. African

Dynamics. OpenEdition Books, https://books.openedition.org/ifra/828.



http://asi.nic.in/asi_books/9391.pdf
https://doi.org/10.3406/adh.1989.1718
https://commons.wikimedia.org/w/index.php?title=File:The_National_Cyclopaedia_of_Useful_Knowledge,_Vol._IV,_Caesar-Cotes-Du-Nord_(IA_dli.granth.70552).pdf&page=23
https://commons.wikimedia.org/w/index.php?title=File:The_National_Cyclopaedia_of_Useful_Knowledge,_Vol._IV,_Caesar-Cotes-Du-Nord_(IA_dli.granth.70552).pdf&page=23
https://commons.wikimedia.org/w/index.php?title=File:The_National_Cyclopaedia_of_Useful_Knowledge,_Vol._IV,_Caesar-Cotes-Du-Nord_(IA_dli.granth.70552).pdf&page=23
http://piketty.pse.ens.fr/files/ideologie/data/CensusIndia/CensusIndia1911/1911%20-%20Calcutta%20-%20Vol%20I.pdf
http://piketty.pse.ens.fr/files/ideologie/data/CensusIndia/CensusIndia1911/1911%20-%20Calcutta%20-%20Vol%20I.pdf
http://www.census2011.co.in/census/city/215-kolkata.html
https://sahistory.org.za/sites/default/files/archive-files3/michael_richard_thomas_dumper_bruce_stanley_citbook4you.org_.pdf
https://sahistory.org.za/sites/default/files/archive-files3/michael_richard_thomas_dumper_bruce_stanley_citbook4you.org_.pdf
http://www.kuna.net.kw/ArticleDetails.aspx?id=2772477&language=en
https://archive.org/details/in.ernet.dli.2015.206964/page/n1103/mode/2up
https://appliedforeignaffairs.uni-ak.ac.at/lab-projects/lagos-legacy/wider-discourse/lagos-from-the-pepperfarm-to-the-megacity
https://appliedforeignaffairs.uni-ak.ac.at/lab-projects/lagos-legacy/wider-discourse/lagos-from-the-pepperfarm-to-the-megacity
https://arts.monash.edu/__data/assets/pdf_file/0007/1670623/ugboajah-article.pdf
https://books.openedition.org/ifra/828

294. Bigon, Liora. ‘The Former Names of Lagos (Nigeria) in Historical Perspective’. Names,
vol. 59, no. 4, Dec. 2011, pp. 229-40. ans-names.pitt.edu,
https://doi.org/10.1179/002777311X13148870565437.

295. Wallace, Lacey M. The Origin of Roman London. Cambridge, United Kingdom,

Cambridge University Press, 2014, p. 9,
https://books.google.com/books?id=gbMkBQAAQBAJ&g=pre-

roman-+london&pg=PA9%#v=snippet&g=pre-roman%?20london&f=false. Accessed 21
Sept. 2025.

296. Cox, Wendell. “Greater London, Inner London Population & Density History.”

Demographia.com, 2024, www.demographia.com/dm-lon31.htm. Accessed 21 Sept.
2025.
297. Lambert, Tim. ‘A Brief Hlstory of the Populatlon of England’. Local Histories, 14 Mar.

298. Wallace, Albin. The Effects of the Black Death in England. Cambridge Scholars
Publishing, 4 Aug. 2023, pp. 17-18, www.cambridgescholars.com/resources/pdfs/978-1-
5275-2833-8-sample.pdf. Accessed 21 Sept. 2025.

299. Mortimer, Ian. The Time Traveller’s Guide to Medieval England: A Handbook for Visitors to
the Fourteenth Century. Large print ed., Windsor/Paragon, 2011.

300. Tellier, Luc-Normand. Urban World History: An Economic and Geographical
Perspective. 2019, p. 227, https://doi.org/10.1007/978-3-030-24842-0.

301. Krylova, Olga, and David J. D. Earn. ‘Patterns of Smallpox Mortality in London,
England, over Three Centuries’. PLOS Biology, vol. 18, no. 12, Dec. 2020, p. e3000506.

PLoS Journals, https://doi.org/10.1371/journal.pbio.3000506.
302. LA Almanac. “Settlement of Los Angeles.” Archive.org, 2018,

https://web.archive.org/web/20180902084302/http:/www.laalmanac.com/history/hi03b.
php. Accessed 21 Sept. 2025.

303. Guinn, J.M. Historical and Biographical Record of Southern California: Containing a
History of Southern California from Its Earliest Settlement to the Opening Year of the
Twentieth Century. Chapman Publishing Company, 1902, p. 63,
https://books.google.com/books?id=KyFPAAAAYAA].

304. Hunt, William C. POPULATION OF CALIFORNIA BY COUNTIES AND MINOR CIVIL
DIVISIONS. 1900, p. 4.

305. UNESCO. Architecture, Monuments and Urbanism. Part III: Cultural Networks and Sea
Ports on the Maritime Silk Routes. UNESCO, 2025. DOI.org (Crossref), pp. 82, 84,
https://doi.org/10.54678/RUOM2593.

306. Hawkley, Ethan, Violence and Imagination: Conquering the Chinese and Creating the
Philippines, 1574-1603. World History Connected 14.3 (2017): 47 pars. 20 Sep. 2025
https://worldhistoryconnected.press.uillinois.edu/14.3/forum_hawkley.html.

307. Newson, Linda A. Conquest and Pestilence in the Early Spanish Philippines. University of
Hawai’i Press, 2009, p. 132.

308. "Manila." Encyclopedia Britannica, 11th ed., vol. 17, 1911. Wikisource,



https://doi.org/10.1179/002777311X13148870565437
https://books.google.com/books?id=gbMkBQAAQBAJ&q=pre-roman+london&pg=PA9%23v=snippet&q=pre-roman%20london&f=false
https://books.google.com/books?id=gbMkBQAAQBAJ&q=pre-roman+london&pg=PA9%23v=snippet&q=pre-roman%20london&f=false
http://www.demographia.com/dm-lon31.htm
https://localhistories.org/a-brief-history-of-the-population-of-england/
http://www.cambridgescholars.com/resources/pdfs/978-1-5275-2833-8-sample.pdf
http://www.cambridgescholars.com/resources/pdfs/978-1-5275-2833-8-sample.pdf
https://doi.org/10.1007/978-3-030-24842-0
https://doi.org/10.1371/journal.pbio.3000506
https://web.archive.org/web/20180902084302/http:/www.laalmanac.com/history/hi03b.php
https://web.archive.org/web/20180902084302/http:/www.laalmanac.com/history/hi03b.php
https://books.google.com/books?id=KyFPAAAAYAAJ
https://doi.org/10.54678/RUOM2593
https://worldhistoryconnected.press.uillinois.edu/14.3/forum_hawkley.html

309. Berdan, Frances F. The Aztecs of Central Mexico: An Imperial Society. Harcourt Brace
Jovanovitch, 1982, pp. 8-14.

310. Gutiérrez, Gerardo. ‘Mexico-Tenochtitlan: Origin and Transformations of the Last
Mesoamerican Imperial City’. The Cambridge World History, edited by Norman Yoffee,
1st ed., Cambridge University Press, 2015, p. 504. DOILorg (Crossref),
https://doi.org/10.1017/CH09781139035606.031.

311. Cordova, Carlos E. The Lakes of the Basin of Mexico: Dynamics of a Lacustrine System and

the Evolution of a Civilization. Springer International Publishing, 2022, pp. 301, 306.
DOlI.org (Crossref), https://doi.org/10.1007/978-3-031-12733-5.

312. Montero-Rosado, Carolina, et al. “‘Water Diversion in the Valley of Mexico Basin: An

Environmental Transformation That Caused the Desiccation of Lake Texcoco’. Land,
vol. 11, no. 4, Apr. 2022, p. 542. DOI.org (Crossref), https://doi.org/10.3390/land11040542.

313. Berdan, Frances F. The Aztecs of Central Mexico: An Imperial Society. Harcourt Brace
Jovanovitch, 1982, p. 103.

314. Gutiérrez, Gerardo. ‘Mexico-Tenochtitlan: Origin and Transformations of the Last
Mesoamerican Imperial City’. The Cambridge World History, edited by Norman Yoffee,
1st ed., Cambridge University Press, 2015, p. 496. DOILorg (Crossref),
https://doi.org/10.1017/CH09781139035606.031.

315. Boyer, Richard. ‘Mexico in the Seventeenth Century: Transition of a Colonial Society’.

Hispanic American Historical Review, vol. 57, no. 3, Aug. 1977, pp. 455-78. DOI.org
(Crossref), https://doi.org/10.1215/00182168-57.3.455.

316. Pineo, Ronn. “Cities and Urbanization | Encyclopedia.com.” Encyclopedia.com,

Cengage, 2025, www.encyclopedia.com/humanities/encyclopedias-almanacs-
transcripts-and-maps/cities-and-urbanization. Accessed 21 Sept. 2025.

317. Ragsdale, Corey S., et al. ‘Changes in Indigenous Population Structure in Colonial

Mexico City and Morelos’. International Journal of Osteoarchaeology, vol. 29, no. 4, Jul.
2019, pp. 501-12. DOI.org (Crossref), https://doi.org/10.1002/0a.2743.

318. Klein, Herbert S. ‘The Demographic Structure of Mexico City in 1811’. Journal of Urban
History, vol. 23, no. 1, Nov. 1996, pp. 67-68. DOI.org (Crossref),
https://doi.org/10.1177/009614429602300103.

319. Johns, Michael. The City of Mexico in the Age of Diaz. 1. ed., 2. paperback print, Univ. of
Texas Press, 1999, p. 41.

320. Instituto Nacional de Estadistica y Geografia (INEGI). Estadisticas Historicas de México
2014: 2 Vivienda Urban. INEGI, 2014, p. 28,
https://www.inegi.org.mx/contenidos/productos/prod_serv/contenidos/espanol/bvinegi
/productos/nueva_estruc/HyM2014/2%20%20Vivienda Urban_.pdf.

321. Bater, J. H., et al. ‘Patterns of Urban Growth in the Russian Empire during the

Nineteenth Century.’ The Economic History Review, vol. 30, no. 1, Feb. 1977, p. 212.
DOl.org (Crossref), https://doi.org/10.2307/2595533.
322. Perrie, Maureen, editor. The Cambridge History of Russia. Vol. 1: From Early Rus’ to 1689



https://en.wikisource.org/wiki/1911_Encyclop%C3%A6dia_Britannica/Manila
https://doi.org/10.1017/CHO9781139035606.031
https://doi.org/10.1007/978-3-031-12733-5
https://doi.org/10.3390/land11040542
https://doi.org/10.1017/CHO9781139035606.031
https://doi.org/10.1215/00182168-57.3.455
http://www.encyclopedia.com/humanities/encyclopedias-almanacs-transcripts-and-maps/cities-and-urbanization
http://www.encyclopedia.com/humanities/encyclopedias-almanacs-transcripts-and-maps/cities-and-urbanization
https://doi.org/10.1002/oa.2743
https://doi.org/10.1177/009614429602300103
https://www.inegi.org.mx/contenidos/productos/prod_serv/contenidos/espanol/bvinegi/productos/nueva_estruc/HyM2014/2%20%20Vivienda_Urban_.pdf
https://www.inegi.org.mx/contenidos/productos/prod_serv/contenidos/espanol/bvinegi/productos/nueva_estruc/HyM2014/2%20%20Vivienda_Urban_.pdf
https://doi.org/10.2307/2595533

/ Ed. by Maureen Perrie. Cambridge Univ. Press, 2006, pp. 298-296,
https://portal.tpu.ru/SHARED/d/DVR/eng/teaching/perrie_m_edit_the_cambridge_hist

ory of russia volume 1 f.pdf.

323. Ioffe, Grigory, and Richard Antony French. “Moscow - Evolution of the Modern City.”

Encyclopedia Britannica, 20 Sept. 2025, www.britannica.com/place/Moscow/Evolution-
of-the-modern-city. Accessed 21 Sept. 2025.

324. Lambert, Tim. ‘A Short History of Moscow’. Local Histories, 14 Mar. 2021,

https://localhistories.org/a-history-of-moscow/.
325. Colton, Timothy J.. Moscow: Governing the Socialist Metropolis, Cambridge, MA and

London, England: Harvard University Press, 1995.
https://doi.org/10.4159/harvard.9780674283725

326. Lyall, R. The Character of the Russians, and a Detailed History of Moscow ... With a
Dissertation on the Russian Language and an Appendix, Containing Tables, Political,
Statistical, and Historical (Etc.). Cadell, 1823, p. 530,
https://books.google.com/books?id=eWFdAAAACcAA]J.

327. Blackwell, William L. Beginnings of Russian Industrialization, 1800-1860. Princeton
University Press, 2016. Princeton Legacy Library, p. 97.

328. Cunha, J.G. The Origin of Bombay. Society’s library, 1900,
https://archive.org/details/originbombay00cunhgoog/. Journal of the Bombay Branch of
the Royal Asiatic Society, no. 1900, p. 154.

329. Madagavakara, Govinda Narayana, et al. Govind Narayan’s Mumbai: An Urban
Biography from 1863. Anthem press, 2008. Anthem South Asian Studies, pp. 58, 65.

330. Cunha, J.G. The Origin of Bombay. Society’s library, 1900,
https://archive.org/details/originbombay00cunhgoog/. Journal of the Bombay Branch of
the Royal Asiatic Society, no. 1900, p. 152.

331. Chhabria, Sheetal. ‘The Aboriginal Alibi: Governing Dispossession in Colonial

Bombay’. Comparative Studies in Society and History, vol. 60, no. 4, Oct. 2018, pp. 1096-

126. DOI.org (Crossref), https://doi.org/10.1017/S0010417518000397.
332. Gupta, Sourendu. History of Mumbai: Mumbai/Bombay Pages. 17 Nov. 1999,

https://theory.tifr.res.in/bombay/history/.

333. Raghavan, Chakravarthi. “Mumbai - History.” Encyclopedia Britannica, 21 Sept. 2025,

www.britannica.com/place/Mumbai/History. Accessed 21 Sept. 2025.
334. Cunha, J.G. The Origin of Bombay. Society’s library, 1900,

https://archive.org/details/originbombay00cunhgoog/. Journal of the Bombay Branch of
the Royal Asiatic Society, no. 1900, p. 348.

335. Owen, Caleb. ‘The History of Nairobi’. Oxford Research Encyclopedia of African History,
by Caleb Owen, Oxford University Press, 2025. DOI.org (Crossref),
https://doi.org/10.1093/acrefore/9780190277734.013.643.

336. Aiyar, Sana. Indians in Kenya: The Politics of Diaspora. Harvard University Press, 2015.
Harvard Historical Studies 185, p. 42.

337. Katko, Tapio S., et al., editors. Water Services Management and Governance: Lessons for a


https://portal.tpu.ru/SHARED/d/DVR/eng/teaching/perrie_m_edit_the_cambridge_history_of_russia_volume_1_f.pdf
https://portal.tpu.ru/SHARED/d/DVR/eng/teaching/perrie_m_edit_the_cambridge_history_of_russia_volume_1_f.pdf
http://www.britannica.com/place/Moscow/Evolution-of-the-modern-city
http://www.britannica.com/place/Moscow/Evolution-of-the-modern-city
https://localhistories.org/a-history-of-moscow/
https://doi.org/10.4159/harvard.9780674283725
https://books.google.com/books?id=eWFdAAAAcAAJ
https://archive.org/details/originbombay00cunhgoog/
https://archive.org/details/originbombay00cunhgoog/
https://doi.org/10.1017/S0010417518000397
https://theory.tifr.res.in/bombay/history/
http://www.britannica.com/place/Mumbai/History
https://archive.org/details/originbombay00cunhgoog/
https://doi.org/10.1093/acrefore/9780190277734.013.643

Sustainable Future. IWA Publishing, 2013. Governance and Management for Sustainable

Water Systems Series, https://www.researchgate.net/figure/Nairobi-population-graph-
between-1901-and-2005-Source-Republic-of-Kenya-2002a_fig27_ 344604630, pp. xxiii-

XXV.

338. Milligan, Mark. ‘Lutetia - Roman Paris’. HeritageDaily - Archaeology News, 9 Jun. 2020,
https://www.heritagedaily.com/2020/06/lutetia-roman-paris/132869.

339. Bowman, Alan K, and Andrew Wilson. Settlement, Urbanization, and Population.
Oxford; New York, Oxford University Press, 2018, p. 188,
https://ndl.ethernet.edu.et/bitstream/123456789/28568/1/196.pdf.pdf. Accessed 21 Sept.
2025.

340. Pessoa, Tomas. ‘The Making of Merovingian Paris: The Christianization of a Gallo-
Roman City’. Nuntius Antiquus, vol. 15, no. 1, Oct. 2019, pp. 249-78. periodicos.ufmg.br,
https://doi.org/10.17851/1983-3636.15.1.249-278.

341. Tapia, By Azrael. ‘Paris Through The Ages’. ArcGIS StoryMaps, 16 Nov. 2020,
https://storymaps.arcgis.com/stories/5f357acb97c14104b7230e3fcc2c94b2.

342. Arnoux, Mathieu. "13th Century Paris: Energy Constraints and Institutional

Arrangements." XIX World Economic History Congress, Paris, 27 July 2022, Session:
What Are Renewable Energy Systems? Economic History Approaches to a Technological
Problem, Université Paris Cité and EHESS, p. 1, https://hal.science/hal-
03826886/document.

343. Gallois, Lucien. ‘The Origin and Growth of Paris’. Geographical Review, vol. 13, no. 3,
Jul. 1923, p. 345. DOI.org (Crossref), https://doi.org/10.2307/208275.

344. Tuchman, Barbara. "This Is the End of the World: The Black Death.", p. 2,
https://users.manchester.edu/facstaff/ssnaragon/kant/lp/Readings/05-Tuchman.pdf.

345. Olea, Ricardo A., and George Christakos. “Duration of Urban Mortality for the 14th-
Century Black Death Epidemic.” Human Biology, vol. 77, no. 3, 2005, pp. 291-303.
JSTOR, http://www.jstor.org/stable/41466327, p. 299. Accessed 21 Sept. 2025.

346. Bentley, Jerry H., editor. The Construction of a Global World, 1400-1800 CE. Part 1:
Foundations. Paperback edition, Cambridge Univiversity Press, 2017. The Cambridge

World History / Editor-in-Chief: Merry E. Wiesner-Hanks, Department of History,
University of Wisconsin-Milwaukee, Volume 6, p. 119.

347. Biraben, J.-N., and D. Blanchet. "Essay on the Population of Paris and Its Vicinity Since
the Sixteenth Century." Population, hors-série, no. 11, 1999, pp. 155-188. Persée,
https://www.persee.fr/doc/pop_0032-4663_1999_hos_11_1_6984.

348. Cox, Wendell. “Ville de Paris: Population & Density from 1600.” Demographia.com,

2024, https://demographia.com/dm-par90.htm. Accessed 21 Sept. 2025.
349. Braman, Thomas Chapin. Land and Society in Ealry Colonial Santiago de Chile, 1540-

1575 / by Thomas Chapin Braman. University Microfilm, 1977.
350. Carmagnani, Marcello A., and John J. Johnson. “History of Chile.” Encyclopedia

Britannica, Sept. 2022, www.britannica.com/topic/history-of-Chile. Accessed 21 Sept.
2025.


https://www.researchgate.net/figure/Nairobi-population-graph-between-1901-and-2005-Source-Republic-of-Kenya-2002a_fig27_344604630
https://www.researchgate.net/figure/Nairobi-population-graph-between-1901-and-2005-Source-Republic-of-Kenya-2002a_fig27_344604630
https://www.heritagedaily.com/2020/06/lutetia-roman-paris/132869
https://ndl.ethernet.edu.et/bitstream/123456789/28568/1/196.pdf.pdf
https://doi.org/10.17851/1983-3636.15.1.249-278
https://storymaps.arcgis.com/stories/5f357acb97c14104b7230e3fcc2c94b2
https://hal.science/hal-03826886/document
https://hal.science/hal-03826886/document
https://doi.org/10.2307/208275
https://users.manchester.edu/facstaff/ssnaragon/kant/lp/Readings/05-Tuchman.pdf
http://www.jstor.org/stable/41466327
https://www.persee.fr/doc/pop_0032-4663_1999_hos_11_1_6984
https://demographia.com/dm-par90.htm
http://www.britannica.com/topic/history-of-Chile.%20Accessed%2021%20Sept.%202025

351. Carmagnani, M. ‘Colonial Latin American Demography: Growth of Chilean Population,
1700-1830’. Journal of Social History, vol. 1, no. 2, Dec. 1967, pp. 179-91. DOI.org
(Crossref), https://doi.org/10.1353/jsh/1.2.179.

352. Instituto Nacional de Estadisticas (INE). Retratos de Nuestra Identidad: Los Censos de
Poblacion en Chile y su Evolucion Histdrica hacia el Bicentenario. Instituto Nacional de
Estadisticas, 2009, p. 51,
https://obtienearchivo.ben.cl/obtienearchivo?id=documentos/10221.1/11200/1/Retratos
%20de%20nuestra%?20identidad.pdf.

353. Chile. Direccion General de Estadistica. Censo Jeneral de la Republica de Chile, levantado
el 19 de abril de 1865. Imprenta Nacional, 1866, p. 168. Instituto Nacional de Estadisticas,

https://www.ine.gob.cl/docs/default-source/censo-de-poblacion-y-

vivienda/publicaciones-y-anuarios/anteriores/censo-de-poblaci%C3%B3n-1865.pdf.

354. Comision Central del Censo. Memoria presentada al Supremo Gobierno: 8° Censo de
Poblacion de Chile, 1907. Imprenta y Encuadernacién Barcelona, 1910. Instituto Nacional

de Estadisticas, https://www.ine.gob.cl/docs/default-source/censo-de-poblacion-y-

vivienda/publicaciones-y-anuarios/anteriores/censo-de-poblaci%C3%B3n-1907.pdf.

355. Carrara, Angelo Alves. “The Population of Brazil, 1570-1700: A Historiographical
Review.” Tempo, vol. 20, no. 0, 2014, pp. 7, 12, 14,
www.researchgate.net/publication/307659065_The_population_of_Brazil_1570-
1700_a_historiographical_review, https://doi.org/10.1590/tem-1980-542x-
2014203619eng. Accessed 21 Sept. 2025.

356. Alden, Dauril. ‘The Population of Brazil in the Late Eighteenth Century: A Preliminary

Studyl’. Hispanic American Historical Review, vol. 43, no. 2, May 1963, pp. 173-205.
DOI.org (Crossref), https://doi.org/10.1215/00182168-43.2.173.

357. Kuznesof, Elizabeth Anne. ‘The Role of the Merchants in the Economic Development
of Sao Paulo, 1765-1850’. Hispanic American Historical Review, vol. 60, no. 4, Nov. 1980,
pp- 571-92. DOI.org (Crossref), https://doi.org/10.1215/00182168-60.4.571.

358. Luna, Francisco Vidal, and Herbert Sanford Klein. An Economic and Demographic
History of Sdo Paulo, 1850-1950. Stanford University Press, 2018. Social Science History,
p. 263.

359. "Sao Paulo (city)." Encyclopedia Britannica, 11th ed., vol. 24, 1911. Wikisource,

https://en.wikisource.org/wiki/1911_Encyclop%C3%Aédia_Britannica/S%C3%A30_Paul
o_(city).
360. Guan, Q. Lilong Housing: A Traditional Settlement Form. McGill University, 1996, p. 16,
https://www.collectionscanada.gc.ca/obj/s4/f2/dsk2/tapel6/PQDD_0001/MQ29850.pdf.
361. GRC, Global Resources Center. Research Guides: Shanghai in the Spotlight: Shanghai’s
History. https://libguides.gwu.edu/c.php?g=258859&p=1728598. Accessed 21 Sep. 2025.
362. Guan, Q. Lilong Housing: A Traditional Settlement Form. McGill University, 1996, p. 17,
https://www.collectionscanada.gc.ca/obj/s4/f2/dsk2/tapel6/PQDD_0001/MQ29850.pdf.
363. Cao, Shuji. The Population History of China (1368-1953). Leiden, The Netherlands:
Brill, 06 Feb. 2024, p. 335. https://doi.org/10.1163/9789004688933 Web.



https://doi.org/10.1353/jsh/1.2.179
https://obtienearchivo.bcn.cl/obtienearchivo?id=documentos/10221.1/11200/1/Retratos%20de%20nuestra%20identidad.pdf
https://obtienearchivo.bcn.cl/obtienearchivo?id=documentos/10221.1/11200/1/Retratos%20de%20nuestra%20identidad.pdf
https://www.ine.gob.cl/docs/default-source/censo-de-poblacion-y-vivienda/publicaciones-y-anuarios/anteriores/censo-de-poblaci%C3%B3n-1865.pdf
https://www.ine.gob.cl/docs/default-source/censo-de-poblacion-y-vivienda/publicaciones-y-anuarios/anteriores/censo-de-poblaci%C3%B3n-1865.pdf
https://www.ine.gob.cl/docs/default-source/censo-de-poblacion-y-vivienda/publicaciones-y-anuarios/anteriores/censo-de-poblaci%C3%B3n-1907.pdf
https://www.ine.gob.cl/docs/default-source/censo-de-poblacion-y-vivienda/publicaciones-y-anuarios/anteriores/censo-de-poblaci%C3%B3n-1907.pdf
https://doi.org/10.1590/tem-1980-542x-2014203619eng
https://doi.org/10.1590/tem-1980-542x-2014203619eng
https://doi.org/10.1215/00182168-43.2.173
https://doi.org/10.1215/00182168-60.4.571
https://en.wikisource.org/wiki/1911_Encyclop%C3%A6dia_Britannica/S%C3%A3o_Paulo_(city)
https://en.wikisource.org/wiki/1911_Encyclop%C3%A6dia_Britannica/S%C3%A3o_Paulo_(city)
https://www.collectionscanada.gc.ca/obj/s4/f2/dsk2/tape16/PQDD_0001/MQ29850.pdf
https://libguides.gwu.edu/c.php?g=258859&p=1728598
https://www.collectionscanada.gc.ca/obj/s4/f2/dsk2/tape16/PQDD_0001/MQ29850.pdf
https://doi.org/10.1163/9789004688933

364. Chan, Ta-Chien, T. Terry Cheung, I-Chun Fan, and Ping Wang. "The Rise of Shanghai:
Civil War, Trade and Business Culture.", pp. 5-6, Nov. 2017,
https://terrycheung.weebly.com/uploads/7/7/8/4/77845774/executive_summary.pdf.

365. Henriot, Christian, et al. The Population of Shanghai (1865-1953): A Sourcebook. Brill,
2019. Handbook of Oriental Studies = Handbuch Der Orientalistik. Section 4, China,
volume 35, p. 15.

366. Australian Bureau of Statistics. "Australian Historical Population Statistics, 2006." Main
Features, 23 May 2006,
https://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/3105.0.65.001200620penDocu
ment.

367. "Census." New South Wales Government Gazette (Sydney, NSW), no. 47 (Supplement), 28
Mar. 1857, p. i. Trove, https://trove.nla.gov.au/newspaper/article/229956253.

368. Bosworth, Clifford Edmund, editor. Historic Cities of the Islamic World. Brill, 2007. Brill
eBook Titles 2007, pp. 504.

369. Dumper, Michael, and Bruce E Stanley. Cities of the Middle East and North Africa: A
Historical Encyclopedia. Santa Barbara, Calif., Abc-Clio, 2007, p. 348,

https://sahistory.org.za/sites/default/files/archive-

files3/michael richard_thomas_dumper_bruce_stanley_citbook4you.org_.pdf.
370. Krawulsky, Dorothea, cartographer. Tiibinger Atlas des Vorderen Orients (TAVO), Map B

VIII 15. Map. Cartography by Margit Sauer, edited by Wolfgang Denk, Dr. Ludwig
Reichert Verlag, 1984.

371. "Teheran (city)." Encyclopedia Britannica, 11th ed., vol. 26, 1911. Wikisource,
https://en.wikisource.org/wiki/1911_Encyclop%C3%Aé6dia_Britannica/Teheran_(city).

372. Amanat, Abbas. Pivot of the Universe: Nasir al-Din Shah Qajar and the Iranian Monarchy,
1831 - 1896. Univ. of California Press, 1997, p. 12.

373. Dumper, Michael, and Bruce E Stanley. Cities of the Middle East and North Africa: A
Historical Encyclopedia. Santa Barbara, Calif., Abc-Clio, 2007, p. 349,

https://sahistory.org.za/sites/default/files/archive-

files3/michael richard_thomas_dumper_bruce_stanley_citbook4you.org_.pdf.
374. Dumper, Michael, and Bruce E Stanley. Cities of the Middle East and North Africa: A

Historical Encyclopedia. Santa Barbara, Calif., Abc-Clio, 2007, p. 352,

https://sahistory.org.za/sites/default/files/archive-

files3/michael richard_thomas_dumper_bruce_stanley_citbook4you.org_.pdf.
375. The Israel Genealoglcal Society. “1915 Census of Tel-Aviv.” Archive. org, 2025,

574.asp. Accessed 21 Sept 2025.
376. Government of Palestine. Village Statistics. April 1945.
https://users.cecs.anu.edu.au/~bdm/yabber/census/VillageStatistics1945orig.pdf.
377. Harada, Tomohiko. Chusei ni okeru toshi no kenkyu. Tokyo, Dai Nippon Yubenkai Kodan
Sha, 1942. National Library of Israel,

https://www.nli.org.il/he/books/NNL._ALEPH990022188950205171/NLI.


https://terrycheung.weebly.com/uploads/7/7/8/4/77845774/executive_summary.pdf
https://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/3105.0.65.0012006?OpenDocument
https://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/3105.0.65.0012006?OpenDocument
https://trove.nla.gov.au/newspaper/article/229956253
https://sahistory.org.za/sites/default/files/archive-files3/michael_richard_thomas_dumper_bruce_stanley_citbook4you.org_.pdf
https://sahistory.org.za/sites/default/files/archive-files3/michael_richard_thomas_dumper_bruce_stanley_citbook4you.org_.pdf
https://en.wikisource.org/wiki/1911_Encyclop%C3%A6dia_Britannica/Teheran_(city)
https://sahistory.org.za/sites/default/files/archive-files3/michael_richard_thomas_dumper_bruce_stanley_citbook4you.org_.pdf
https://sahistory.org.za/sites/default/files/archive-files3/michael_richard_thomas_dumper_bruce_stanley_citbook4you.org_.pdf
https://sahistory.org.za/sites/default/files/archive-files3/michael_richard_thomas_dumper_bruce_stanley_citbook4you.org_.pdf
https://sahistory.org.za/sites/default/files/archive-files3/michael_richard_thomas_dumper_bruce_stanley_citbook4you.org_.pdf
https://web.archive.org/web/20171101002438/http:/www.isragen.org.il/siteFiles/1/153/6574.asp
https://web.archive.org/web/20171101002438/http:/www.isragen.org.il/siteFiles/1/153/6574.asp
https://users.cecs.anu.edu.au/~bdm/yabber/census/VillageStatistics1945orig.pdf
https://www.nli.org.il/he/books/NNL_ALEPH990022188950205171/NLI

378. Hall, John Whitney. ‘The Castle Town and Japan’s Modern Urbanization’. The Far
Eastern Quarterly, vol. 15, no. 1, Nov. 1955, p. 51. DOILorg (Crossref),
https://doi.org/10.2307/2942101.

379. Tokyo Metropolitan Government. “FIR#ERE  (FRURHARA) | AN HEVRERE T AU AR Pt
EEWRR.” (RIS, 2025,
www.hokeniryo.metro.tokyo.lg.jp/kiban/chosa_tokei/jinkodotaitokei/tokyotozentai.
Accessed 21 Sept. 2025.

380. Davies, Norman. God’s Playground. 1: The Origins to 1795. Rev. ed, Oxford Univ. Press,
2005, pp. 271, 294, 310,

https://archive.org/details/ahistoryofpoland0001davi/page/n13/mode/2up?g=warsaw.
381. Polonsky, Antony. “The YIVO Encyclopedia of Jews in Eastern Europe.” Yivo.org, 2025,

https://encyclopedia.yivo.org/article/487. Accessed 21 Sept. 2025.
382. Kobielski Dobrostaw Jan, Krajowa Agencja Wydawnicza (1974-2004), . Widoki dawnej

Warszawy. Warszawa: Krajowa Agencja Wydawnicza. 1984.

383. Wronski, Marcin. ‘Income Distribution in Warsaw in the 1830s’. European Review of
Economic History, vol. 27, no. 4, Nov. 2023, pp. 581-605. DOI.org (Crossref),
https://doi.org/10.1093/ereh/head006.

384. Leszczynska, Cecylia. “Polish Population Censuses in the 19th and 20th Centuries:
Scope and Subject Matter in the Context of International Standards”. Studia Historiae

Oeconomicae, vol. 40, no. 1, Dec. 2022, pp. 1-28, https://10.14746/sho.2022.40.1.001.
385. Dawson, Andrew Hutchinson, and Norman Davies. “Warsaw - History.” Encyclopedia

Britannica, 18 Sept. 2025, www.britannica.com/place/Warsaw/History. Accessed 21
Sept. 2025.

386. Smith, H., et al. ‘Evaluation of Low-Resolution Remotely Sensed Datasets for Burned
Area Assessment within the Wildland-Urban Interface’. Remote Sensing Applications:
Society and Environment, vol. 26, Apr. 2022, p. 100752. DOI.org (Crossref),
https://doi.org/10.1016/j.rsase.2022.100752.

387. Haslauer, Eva, et al. ‘GIS-Based Backcasting: An Innovative Method for
Parameterisation of Sustainable Spatial Planning and Resource Management’. Futures,
vol. 44, no. 4, May 2012, pp. 292-302. DOI.org (Crossref),
https://doi.org/10.1016/j.futures.2011.10.012.

388. Uhl, Johannes H., et al. ‘Combining Remote-Sensing-Derived Data and Historical Maps
for Long-Term Back-Casting of Urban Extents’. Remote Sensing, vol. 13, no. 18, Sep. 2021,
p. 3672. DOI.org (Crossref), https://doi.org/10.3390/rs13183672.

389. Goldstein, Noah Charles, et al. ‘Approaches to Simulating the “March of Bricks and

39

Mortar™. Computers, Environment and Urban Systems, vol. 28, nos. 1-2, Jan. 2004, pp.
125-47. DOI.org (Crossref), https://doi.org/10.1016/S0198-9715(02)00046-7.
390. "The Geography of Wartime Demographic Change: Japan, 1944-47." Population

Association of America 2016 Annual Meeting, 2016,

https://paa.confex.com/paa/2016/mediafile/ExtendedAbstract/Paper3837/Demographic

%20impact%200f%20WWII1%20in%20Japan_07_09_2015_Manuscript_Final.pdf.


https://doi.org/10.2307/2942101
http://www.hokeniryo.metro.tokyo.lg.jp/kiban/chosa_tokei/jinkodotaitokei/tokyotozentai
https://archive.org/details/ahistoryofpoland0001davi/page/n13/mode/2up?q=warsaw
https://encyclopedia.yivo.org/article/487
https://doi.org/10.1093/ereh/head006
https://10.0.57.154/sho.2022.40.1.001
http://www.britannica.com/place/Warsaw/History
https://doi.org/10.1016/j.rsase.2022.100752
https://doi.org/10.1016/j.futures.2011.10.012
https://doi.org/10.3390/rs13183672
https://doi.org/10.1016/S0198-9715(02)00046-7
https://paa.confex.com/paa/2016/mediafile/ExtendedAbstract/Paper3837/Demographic%20impact%20of%20WWII%20in%20Japan_07_09_2015_Manuscript_Final.pdf
https://paa.confex.com/paa/2016/mediafile/ExtendedAbstract/Paper3837/Demographic%20impact%20of%20WWII%20in%20Japan_07_09_2015_Manuscript_Final.pdf

391. Gierok, V. The Thirty Years’ War and the Decline of Urban Germany. University of
Oxford, 2023, pp. 14-15.

392. Zhang, Xuezhen, et al. ‘Gridded Reconstruction of the Population in the Traditional
Cultivated Region of China from 1776 to 1953’. Science China Earth Sciences, vol. 65, no. 2,
Feb. 2022, pp. 365-78. DOI.org (Crossref), https://doi.org/10.1007/s11430-020-9866-2.

393. Goerlich, Francisco J. ‘HIPGDAC-ES: Historical Population Grid Data Compilation for
Spain (1900-2021)’. Scientific Data, vol. 12, no. 1, Feb. 2025, p. 280. DOI.org (Crossref),
https://doi.org/10.1038/s41597-025-04533-8.

394. Ahn, Yoonjung, et al. ‘An Integrated Multi-Source Dataset for Measuring Settlement
Evolution in the United States from 1810 to 2020’. Scientific Data, vol. 11, no. 1, Mar.
2024, p. 275. DOI.org (Crossref), https://doi.org/10.1038/s41597-024-03081-x.

395. Van De Velden, Michel, et al. ‘Distance-based Clustering of Mixed Data’. WIREs
Computational Statistics, vol. 11, no. 3, May 2019, p. e1456. DOI.org (Crossref),
https://doi.org/10.1002/wics.1456.

396. United States. Bureau of the Census. Fourteenth Census of the United States: 1920.

Population: Alaska. Number of Inhabitants, by Judicial Districts and Minor Civil Divisions.

Department of Commerce, 1920, p. 3,

https://www2.census.gov/library/publications/decennial/1920/bulletins/demographics/

population-ak-number-of-inhabitants.pdf.
397. Moore, Christopher R. "A Survey of Fort Ancient Sites in Southeastern Indiana."

University of Indianapolis, Jan. 2014. ResearchGate,

https://www.researchgate.net/figure/Fort-Ancient-Culture-Area-Map-including-

palisaded-Fort-Ancient-villages-Adapted-from-a_figl 295084919.
398. Taghva, Kazem, et al. ‘The Effects of OCR Error on the Extraction of Private

Information’. Document Analysis Systems VII, edited by Horst Bunke and A. Lawrence
Spitz, Springer, 2006, pp. 348-57. Springer Link, https://doi.org/10.1007/11669487_31.

399. Bosker, Maarten, et al. ‘Definition Matters. Metropolitan Areas and Agglomeration

Economies in a Large-Developing Country’. Journal of Urban Economics, vol. 125, Sep.
2021, p. 7. DOL.org (Crossref), https://doi.org/10.1016/j.jue.2020.103275.

400. Katzchen, Aust. Eoscala 1.0/Velkscala 0.5: A Gridded Reconstruction of Global GDP (PPP)
and Population from 10000 BC to the Present. Confoederatio Research Division (CRD), 9
Mar. 2025,
https://confoederatio.org/papers/Eoscala%201.0_Velkscala%200.5_%20A%20Gridded%
20Reconstruction%200f%20Global%20GDP%20and%20Population%20from%2010000B
C%20t0%20the%20Present-4.pdf.

401. Confoederatio. “GitHub - Confoederatio/Constele-Red: Stopgap Geospatial Dataflow
Editor prior to the Full Release of Naissance GIS.” GitHub, 10 Aug. 2025,
https://github.com/Confoederatio/Constele-Red. Accessed 21 Sept. 2025.

402. Confoederatio. “Confoederatio/Stadester: A Geospatialised, Year-By-Year Hybrid
Database of Urban Population Growth of ~40k Real-World Cities from 3000BC to the
Present.” GitHub, 29 Aug. 2025, https://github.com/Confoederatio/Stadester. Accessed



https://doi.org/10.1007/s11430-020-9866-2
https://doi.org/10.1038/s41597-025-04533-8
https://doi.org/10.1038/s41597-024-03081-x
https://doi.org/10.1002/wics.1456
https://www2.census.gov/library/publications/decennial/1920/bulletins/demographics/population-ak-number-of-inhabitants.pdf
https://www2.census.gov/library/publications/decennial/1920/bulletins/demographics/population-ak-number-of-inhabitants.pdf
https://www.researchgate.net/figure/Fort-Ancient-Culture-Area-Map-including-palisaded-Fort-Ancient-villages-Adapted-from-a_fig1_295084919
https://www.researchgate.net/figure/Fort-Ancient-Culture-Area-Map-including-palisaded-Fort-Ancient-villages-Adapted-from-a_fig1_295084919
https://doi.org/10.1007/11669487_31
https://doi.org/10.1016/j.jue.2020.103275
https://confoederatio.org/papers/Eoscala%201.0_Velkscala%200.5_%20A%20Gridded%20Reconstruction%20of%20Global%20GDP%20and%20Population%20from%2010000BC%20to%20the%20Present-4.pdf
https://confoederatio.org/papers/Eoscala%201.0_Velkscala%200.5_%20A%20Gridded%20Reconstruction%20of%20Global%20GDP%20and%20Population%20from%2010000BC%20to%20the%20Present-4.pdf
https://confoederatio.org/papers/Eoscala%201.0_Velkscala%200.5_%20A%20Gridded%20Reconstruction%20of%20Global%20GDP%20and%20Population%20from%2010000BC%20to%20the%20Present-4.pdf
https://github.com/Confoederatio/Constele-Red
https://github.com/Confoederatio/Stadester

21 Sept. 2025.

Footnotes

! Both 1AD and 1950AD are primary benchmark years: one represents the start of the Common Era, and
the other the end of Before Present (BP).

2 Recently it appears the UN has officially adopted the GHSL definition of a city for statistical purposes
(degree of urbanisation), though it appears slightly problematic to us that the official global urban
population would drop precipitously by ~28,41% because of it - from 4,61 billion to 3,3 billion.

3 This definition also means it includes European dependencies in the Atlantic, i.e. the Falklands or St.
Helena. In general, island European settler colonies and dependencies east of the Cape are in ‘Oceania’,
whilst those in the Atlantic are in ‘Europe’.

* We include those regions in Central Asia which were often under some form of Persian administration.
Pakistan’s relatively late colonisation by Britain does not make including it in the Indian Subcontinent
very helpful from a long-term perspective. In any case, it also helps to separate out the earlier Indus
Valley civilisation. Additionally, Urdu is written in the Perso-Arabic script, so modern recordkeeping has
a hard boundary. That is reason enough.

> Papua New Guinea is in the Malay Archipelago, which is why it is included here.

¢ Until very recently, Mongolia was a part of the Qing Empire, and before that had constant interactions
with Chinese civilisations, most notably in the form of the Yuan Dynasty. Like CJK, the Hudum Mongol
bichig requires special handling. Vietnam is not included here, as virtually all its historic documents
today have been transcribed into the Latin alphabet; it is instead in Southeast Asia.

7 Oceania is extended to the Mascarenes and Mayotte due to the former’s late settlement by Europeans,
and the fact that the latter remains a European dependency.

8 As taken from the IUSSP International Population Conference (2013), PAA annual meeting (2015). This
sort of sampling is now impossible - the IUSSP’s Historical Demography panel was cancelled for the 6th
year straight [45].

It is now filed under ‘Past Panels and Groups’. From 1997-2018, there were 5 reboots and an annual
presence, but the most recent panel (the 6th) has no roman numeral and only met for one year. The call
for papers (2022) is after their last report (2021), in which they announce the conference is cancelled due
to COVID-19. The panel was shelved immediately after their call for papers. They list a total of four
publications from proceedings for the period from 2018-2021. That works out to one publication a year.
If you are perhaps thinking that COVID extends into 2025, I assure you none of the present panels are
inactive. None of them, however, are on historical demography.

° Perhaps living fields such as anthropology do have essays entitled ‘on the need to populate
anthropology’, but I am not aware of any such phenomenon. As Lee puts it, ‘In addition, the emergence
of young innovative researchers who spearhead historical demography has become a rare occurrence,
thereby eroding the pool of published research theses from which to quote’. If new research is so rare
that one is struggling for works to cite, I certainly would not portray the field as alive.



As Werlin, who quotes Steve Hindle puts it: ‘The increasingly muffled conversation between historical
demographers and early modern historians has, depressingly, deteriorated still further into a dialogue of
the deaf’.

1 Buringh and de Vries, to my knowledge, also utilise figures in their thousands, typically either with
European decimals or whole numbers.

1 There is a single source, Kerr 1824, who claims 6.000-9.000 deaths of the Muslim inhabitants [67].

12 Much of this section was typed up in preliminary memoranda, which was held internally, including
supplemental memoranda on preindustrial density that was ultimately deemed not relevant to Stadestér
1.0.

3 There is a great degree of dispute over exactly how density drops off or how world regions ought to be
divided. We have opted for a Cold War sort of division to model urban regions between 1945-1975AD, but
these sorts of strict equations are more rules of thumb for radially buffered dasymetric mapping than
anything else.

4 Qutliers were processed as part of Velkscala, whose shared production repository with Eoscala is
linked in the appendix below.

13 The Eastern Central African Republic, to my knowledge, displays consistent artefacting even in models
reliant upon satellite data, such as GHS-POP, GPWv4, or LandScan.

16 This does not mean that we do not work on regional demographics - on the contrary: Velkscala is our
non-urban demographic dataset, but Stadestér is reserved for urban populations, in the same manner
that Eoscala is for historical economics.

7 Other platforms such as Zenodo may have other equivalents, i.e. ‘Files’. We principally use GitHub for
the purpose of disseminating the latest up-to-date models.

18 Shaw also makes the assertion that some historians hold this opinion with regards to Moscow
specifically.

¥ Lesczynska does not provide the raw census figures for 1850AD and 1882AD, these were fetched
second-hand from YIVO.



	Abstract
	Background
	Extant Datasets
	Definitions & Glossary
	Historical Names
	What Is A City?
	World Regions

	Methodology
	Data Scraping
	Data Preparation
	Geolocation
	Data Merging
	Metro Adjustment
	Population Buffering
	Area/Density Calculations
	Radial Spread Calculations
	The World Postwar (1945AD-1975AD)
	Anglo-Settler Colonies
	Western Europe and East Asia
	Socialist World
	Global South

	ALCC Fallback Modelling
	Substrata Modelling
	Satellite Data post-1975
	Raster Processing

	Testing and Validation
	Macro-Validation, Dataset Comparisons
	Meso-Validation, Out-of-Sample Forecasting
	Micro-Validation, Manual Copychecking
	Micro-Validation, Global 30 (City-Level)
	Accra
	Algiers
	Bangkok
	Beijing
	Buenos Aires
	Chicago
	Guatemala
	Istanbul
	Jeddah
	Johannesburg
	Kolkata
	Kuwait
	Lagos
	London
	Los Angeles
	Manila
	Mexico
	Moscow
	Mumbai
	Nairobi
	Paris
	Santiago
	Sao Paulo
	Shanghai
	Sydney
	Tehran
	Tel Aviv
	Tokyo
	Warsaw

	Margins of Error

	Results
	Limitations
	Known Inaccuracies
	Metro-Adjustment Algorithms

	Conclusion
	Appendix
	Processed Datasets
	Secondary Datasets
	Tables

	Sources
	Footnotes

