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Abstract

When a record grows exponentially, each doubling adds as much as everything that came before. So if recorded

knowledge now doubles in less than ten years, the decade 2026–2035 will add more than all earlier history. We test this

with public counts of scholarly works, preprints, patents and scientific databases, and with counts of manuscripts and

printed books reaching back toward the Babylonian Map of the World of about 600 BCE. Doubling times have shrunk

from about 99 years for medieval manuscripts to 14 to 19 years for journals in the late twentieth century and 9.1 years

for today’s scholarly literature. At its current growth the scholarly record registered with Crossref will add about 155

million works in 2026–2035, 93% of the 167 million recorded before (likely range 84% to 108%). The next decade will

therefore add almost as much as all earlier history, and slightly faster growth would take it past. The fastest records,

arXiv’s AI papers, papers on deep learning and several preprint servers, double within four years and will add 4 to 52

times their entire past. These are projections of document counts, which track the volume of recorded knowledge and

say little about its value.
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Figure 1. Recorded knowledge from 600 BCE to 2035. Top, milestones in mapping the Earth and the cosmos. Middle,

the total number of scholarly works registered with Crossref, projected to 2035 at its 2016–2025 growth with the likely

range shaded, against twice its 2025 total. Bottom, yearly output on a log scale. The time axis is compressed before 1900.
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1 The question

The Babylonian Map of the World, a clay tablet of about 600 BCE, is the oldest surviving map of the then known world

[1]. It shows Babylon, a ring of ocean and regions beyond it that the text fills with myth, and reaches about 700 km from

its centre. Later maps spanned the globe by 1507 and reached the most distant light in the universe in 1992 (Figure 2).

Parts of today’s record grow very fast. Submissions to the International Conference on Machine Learning doubled from

12,107 in 2025 to 24,371 in 2026 [2, 3], and arXiv, the main preprint server for physics, mathematics and computer

science, passed three million papers in April 2026, four years after passing two million [4, 5]. The question is whether

the ten years from 2026 to 2035 will add more to the record than all the centuries before them.
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Maps of the cosmos grew by 14 orders
of magnitude in 450 years. In 1992 they
reached the cosmic microwave background,
the most distant light we can see.

World maps spanned the globe by 1490–1507.
Later maps of the Earth added depth and
detail at the same reach.
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Figure 2. How far famous maps reached, measured as the distance from the map’s centre to the farthest place it shows.

Cosmic distances allow for the expansion of the universe. Sources and ranges are in data/historical_maps.csv

[1, 6, 7]. The thumbnails come from Wikimedia Commons and are scaled. The Ptolemy image is the Ulm edition

of 1482, the al-Idrisi image Konrad Miller’s reconstruction of 1929 and the Seabed 2030 image the GEBCO 2014

grid (CC0). The licensed images are the tablet photograph by O. S. M. Amin (CC BY-SA 4.0), the Planck map by

ESA and the Planck Collaboration (CC BY 4.0) and the DESI map by the DESI Collaboration and DESI Member

Institutions/DOE/KPNO/NOIRLab/NSF/AURA/R. Proctor with image processing by M. Zamani (NSF NOIRLab) (CC

BY 4.0). The others are in the public domain.

Knowledge has no unit, so we count what is recorded, papers, preprints, patents and entries in scientific databases, in

2

https://commons.wikimedia.org/wiki/File:Map_of_the_World_from_Sippar,_Iraq,_6th_century_BCE._British_Museum.jpg
https://creativecommons.org/licenses/by-sa/4.0/
https://commons.wikimedia.org/wiki/File:Cosmic_Microwave_Background_%28CMB%29.jpeg
https://creativecommons.org/licenses/by/4.0/
https://commons.wikimedia.org/wiki/File:Full_DESI_year-five_map_%28noirlab2610b%29.jpg
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


27 public records (Table 3). Figure 1 shows the idea for the scholarly literature. Its total rose slowly for three centuries

and then steeply, and if recent growth continues the next decade nearly doubles it.

2 Why the doubling time decides it

The scientific literature has been known to grow exponentially since Price’s studies of the 1960s [8, 9]. Publication

counts grew about 4% a year from the late seventeenth century to 2018 and 5% a year after 1952 [10]. Exponential

growth has a fixed doubling time, and each doubling adds as much as everything before it. The same arithmetic gives

the ratio for any decade. If a record doubles every 𝑑 years, the next ten years add 210/𝑑 − 1 times everything recorded

before (Table 1). A doubling time of exactly ten years gives a ratio of 1, so the next decade out-produces all earlier

history whenever the record doubles in less than ten years, which takes growth above 7.2% a year.

Table 1. What the next ten years add, relative to everything recorded before, for a record that has always grown at a

steady rate.

Doubling time (years) Next ten years ÷ everything before

50 0.15

20 0.41

15 0.59

10 1.00

8 1.38

5 3.00

2 31

This rule holds exactly for a record that has always grown at the same rate. A record that grew more slowly in the

past holds more relative to its current output and needs faster growth now. We therefore measure each record’s recent

growth, project its output for ten years and compare the result with everything it recorded before.

3 Growth through history

Figure 3 shows every doubling time measured in the study. Manuscript copying in Latin Europe doubled about every 99

years before 1450 and printed books in Europe every 62 years from 1475 to 1775 [11]. English patents doubled every 19

years from 1700 to 1850 and US patents every 10 years in the nineteenth century. From 1950 to 2000 journal literatures

doubled every 14 to 19 years, and since 2006 arXiv has doubled every 7.9 years. The decline is uneven, since US patents

took 57 years to double in the twentieth century. The fastest records today belong to AI. arXiv’s AI papers doubled every

2.0 years over 2016–2025, the computing power used to train the largest AI models every 6 months over 2012–2025 [12,

13] and the length of tasks AI agents can complete every 4 months over 2023–2026 [14, 15].

4 The next decade

Figure 4 projects four records to 2035 at their growth rates of 2016–2025. A line that ends above 2 means the next

decade adds more than the record’s entire past. Table 2 gives the numbers for the main records and Table 3 for all 27.

The scholarly literature registered with Crossref, 167 million works up to 2025, grew 8.0% a year over 2016–2025, so its

yearly output doubles about every 9.1 years. Projected at that rate, 2026–2035 adds about 155 million works, 93% of

everything before. The likely range, based on how far such ten-year projections missed in the past, runs from 84% to

108%. Crossref falls just short although its output doubles in under ten years, because it grew more slowly in the past

and holds a large past relative to its present output. Growth of 9.3% a year instead of 8.0% would carry the next decade

past everything before.
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3 months 1 year 10 years 100 years
doubling time of annual output or capability, from a log-linear fit over the window shown (log scale)
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US utility patents  ·  1800–1900
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Journal articles (OpenAlex)  ·  1950–2000
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Biomedical papers (PubMed)  ·  1950–2000
Fastest supercomputer  ·  1993–2025

Science & engineering articles, world (NSF)  ·  1996–2023
US utility patents  ·  2000–2020

arXiv preprints, all fields  ·  2006–2025
AI research papers (OpenAlex)  ·  2012–2023

Frontier AI training compute  ·  2012–2025
arXiv AI papers (cs.AI)  ·  2016–2025

AI agent task length (METR)  ·  2023–2026
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Figure 3. Doubling time of yearly output for every period and record measured in the study, oldest at the top.

Left of the ten-year line, a record growing at a steady rate out-produces its entire past every decade. Data in

results/hero3_data.csv.
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Above this line the next decade out-produces everything recorded before 2026

Everything recorded up to end-2025 = 1

today

×1.56 by 2035
×1.93 by 2035
×2.70 by 2035

×32.1 by 2035

arXiv AI papers (cs.AI)
arXiv preprints, all fields

Scholarly works with a DOI (Crossref)
Biomedical papers (PubMed)

Figure 4. Four records divided by their total at the end of 2025 and projected to 2035 at their growth rates of 2016–2025,

with likely ranges shaded. A record that ends above 2 adds more in 2026–2035 than in its entire past. arXiv’s AI papers

include papers cross-listed from other categories. Data in results/hero2_data.csv.
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Table 2. The next decade for the main records. Growth is the yearly growth of output over the last ten recorded years,

and the doubling time is that of yearly output. The ratio divides the output of the next ten years, projected at that

growth, by everything recorded before. The likely range is an 80% range based on how far such projections missed in

the past. Records that end before 2025 are projected for the ten years after their last year.

Record Counts Total so far

Growth

a year

Doubling

time

(years)

Next

decade

÷ all

before

Likely

range

Crossref scholarly works with a

DOI

167 million 8.0% 9.1 0.93 0.84–1.08

OpenAlex indexed scholarly works 293 million 1.9% 36 0.56 0.47–0.71

PubMed biomedical papers 40.1 million 4.9% 14.5 0.56 0.49–0.67

US patents (to 2020) patents granted 10.8 million 4.4% 16.1 0.41 0.33–0.56

arXiv preprints 2.9 million 9.9% 7.4 1.70 1.65–1.84

bioRxiv biology preprints 312,221 23.1% 3.3 5.88 4.19–8.70

arXiv AI (cs.AI) AI papers 156,573 41.8% 2.0 31.1 22.2–46.0

OpenAlex AI (to 2023) papers tagged AI 14.9 million 6.4% 11.2 0.95 0.73–1.32

Protein Data Bank protein structures 247,225 5.3% 13.3 0.96 0.07–1.64

GenBank DNA bases 6.7 trillion bases 75.3% 1.2 150 10.2–256

NASA Exoplanet

Archive

confirmed planets 6,089 −5.6% falling 0.30 0.02–0.72

English Wikipedia articles 7.1 million −3.9% falling 0.23 0.02–0.56

Records that grow more slowly fall well short. The biomedical literature in PubMed grows 4.9% a year and adds 56% of

its past, and US patents add 41%. Faster records pass easily. arXiv adds 1.70 times its past and its AI category 31.1 times.

Of the 27 records, 13 are projected to add more than their past. All but one are preprint, AI or DNA sequence records,

and the exception is the count of near-Earth asteroids. Scientific databases vary most, from DNA sequence archives

that add many times their past to the catalogue of confirmed exoplanets, which adds 30%.

5 What it means

Counted by recorded works, the answer is close. The scholarly literature as a whole is on course to add almost as much

in 2026–2035 as in all earlier centuries, and a modest rise in growth would take it past. The fastest records, arXiv’s AI

papers and several preprint servers, will add many times their past, while PubMed, OpenAlex and US patents will add

about half or less.

Counts measure the volume of recorded knowledge, and the value of each unit may be falling. At least 13.5% of

biomedical abstracts in 2024 were processed with large language models [16], and scientists who use AI publish about

3 times as many papers while the range of topics they study narrows [17]. Counted by notable scientists and inventors

instead of documents, no decade from 1500 to 1950 added more than 14% to all who came before [18].

The growth does not come from more people. The decade 2026–2035 adds only about 6% to all the years humans have

lived since 600 BCE [19], so the rise in output comes almost entirely from more output per person.

The projections extend the last ten years of growth. Trends do change, which is why each estimate carries a likely range.

The records also start when their registries start, so most knowledge written down before the scientific journals of the

seventeenth century is not counted.

A modest acceleration therefore decides whether the next decade out-learns the last 2,600 years. The scholarly record

needs its growth to rise from 8.0% to 9.3% a year. AI systems that carry out research, for example inside validated

simulations, could supply it, and the computing power and AI capabilities they rely on double every few months.
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6 Data and methods

All counts were retrieved on 23 September 2026 from public sources, scholarly works from Crossref [20] and OpenAlex

[21], biomedical papers from PubMed [22], preprints from arXiv [23] and from bioRxiv and medRxiv [24], patents

from the US Patent and Trademark Office via Our World in Data [25], and database entries from the Protein Data Bank

[26], GenBank [27], the Sequence Read Archive [28], UniProt [29], the NASA Exoplanet Archive [30], NASA’s Center

for Near Earth Object Studies [31] andWikimedia [32]. Manuscripts and printed books come from Buringh and van

Zanden [11] via OurWorld in Data, population from HYDE [19], notable people from Pantheon [18], AI computing

power from Epoch AI [12] and AI task lengths from METR [14].

Each record’s count runs to its last complete year, 2025 for most. Growth is the slope of a straight line fitted to the

logarithm of yearly output over the last ten years. The projection applies that growth to the last year’s output for ten

more years and divides the total by everything recorded before. The likely range is the range that held 80% of outcomes

when the same projection, made from each year between 1990 and 2015, was compared with the decade that followed.

OpenAlex changed how it tags research topics in 2024, so its three AI series stop in 2023, and two series end early, US

patents in 2020 and the Sequence Read Archive in 2023. Each of these is projected for the ten years after its last year.

The raw downloads, code and results are in the study folder, and rerunning the analysis from the raw data reproduces

all 23 compared results exactly. A technical version of this report, with proofs, the estimation of the likely ranges,

robustness checks and independent reviews, is in report_archive/v1.2.1.
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Appendix

Table 3. All 27 records, sorted by the ratio of the next decade to everything before. Columns as in Table 2.

Record Counts Total so far

Growth

a year

Doubling

time

(years)

Next

decade

÷ all

before

Likely

range

GenBank DNA bases 6.7 trillion bases 75.3% 1.2 150 10.2–256

OpenAlex deep

learning (to 2023)

papers tagged deep

learning

279,069 55.5% 1.6 52.3 34.1–86.6

arXiv AI (cs.AI) AI papers 156,573 41.8% 2.0 31.1 22.2–46.0

GenBank genome

projects

DNA bases, whole

genomes

42.1 trillion bases 37.2% 2.2 18.1 1.22–43.7

arXiv language

(cs.CL)

language-technology

papers

99,110 32.9% 2.4 15.6 11.1–23.1

Sequence Read

Archive (to 2023)

DNA bases, raw reads 88.7 quadrillion bases 33.5% 2.4 11.2 0.76–27.0

arXiv machine

learning (cs.LG)

machine-learning

papers

247,045 30.7% 2.6 10.7 7.65–15.9

bioRxiv biology preprints 312,221 23.1% 3.3 5.88 4.19–8.70

OpenAlex preprints preprints 6.0 million 20.3% 3.8 4.26 3.42–5.65

medRxiv medical preprints 77,157 1.1% 61 2.07 1.47–3.06

OpenAlex machine

learning (to 2023)

papers tagged

machine learning

3.6 million 11.7% 6.3 1.80 1.43–2.43

arXiv preprints 2.9 million 9.9% 7.4 1.70 1.65–1.84

Near-Earth asteroids asteroids found 40,583 6.7% 10.7 1.16 0.08–1.99

Protein Data Bank protein structures 247,225 5.3% 13.3 0.96 0.07–1.64

OpenAlex AI (to

2023)

papers tagged AI 14.9 million 6.4% 11.2 0.95 0.73–1.32

Crossref scholarly works with

a DOI

167 million 8.0% 9.1 0.93 0.84–1.08

Crossref articles journal articles with a

DOI

119 million 7.0% 10.3 0.82 0.77–0.94

OpenAlex indexed scholarly

works

293 million 1.9% 36 0.56 0.47–0.71

PubMed biomedical papers 40.1 million 4.9% 14.5 0.56 0.49–0.67

US patents (to 2020) patents granted 10.8 million 4.4% 16.1 0.41 0.33–0.56

OpenAlex articles journal articles 192 million −0.2% falling 0.36 0.30–0.46

Wikidata items 120 million −7.9% falling 0.30 0.02–0.72

NASA Exoplanet

Archive

confirmed planets 6,089 −5.6% falling 0.30 0.02–0.72

OpenAlex books books 5.8 million −1.6% falling 0.25 0.21–0.32

English Wikipedia articles 7.1 million −3.9% falling 0.23 0.02–0.56

GenBank records DNA sequence

records

260 million −1.9% falling 0.18 0.01–0.32

Swiss-Prot reviewed proteins 574,369 −6.6% falling 0.02 0.00–0.03
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