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Roadmap of the lecture
• Measuring Social & Economic Progress: Material Accounting and 

Monetary Accounting Are Both Essential
• The Law of Cumulated Growth: Small Annual Growth Rates Have 

Enormous Long-Run Impact (Population, Per Capita GDP, Total GDP)
• National Accounts: from Land & Social Tables (18c) to Capital & 

GDP (19c-20c) to Ecological Accounts & Ghost Hectares (21c)
• From Output to GDP (Gross Domestic Product), NDP (Net Domestic 

Product), GNI (Gross National Income) & NNI (Net National Income)
• Multiple Sectors & Relative Prices: Uneven Growth & Technical

Progress and the Illusion of Market-Driven Dematerialization
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Measuring Social & Economic Progress: 
Material & Monetary Accounting Are Both Essential

• Q.: Which Indicators Should We Use to Measure Socioeconomic Change, 
both to Study the Past and to Analyze Policy Options for the Future?

• Material Accounting: real quantities of food, housing, energy, education, 
health, land use, forest cover, GHG emissions, temperature etc. 

→ arguably the best way to measure real progress (e.g. improved access to 
fundamental goods like education and health)....or real decline (e.g. global 
warming, biodiversity loss, deforestation, etc.) 
• Monetary Accounting: GDP, NNI (net national income), wages, wealth, etc.
→ also very useful, but one has to be very careful & explicit about « relative 
prices », i.e. how the relative value of education, climate, etc., affects aggregate
indicators, & about inequality. Aggregate GDP with no attention to relative 
prices, externalities & inequalities can be a pretty bad measure of well-being!















Per capita GDP 1800-2025: x18 
(0.9k€ →16k€) (h=1.3%/year)







World Population 1800-2025: x8 
(1.0 billion → 8.2b) (n=0.9%/year)



The Law of Cumulated Growth: Small Annual 
Growth Rates Have Enormous Long-Run Impact 

(Population, Per Capita GDP, Total GDP)
• World Population 1800-2025: x 8 (from 1.0 billion to 8.2 billion)
• Average annual growth rate of world population over 1800-2025 period:

n = 0.94% 
• I.e. 1.0094225=8.2/1.0, or conversely (8.2/1.0)1/2025 = 1.0094
• Assume n = 0.94% continues over 2025-2250. Then world population 

will again be multiplied by 8.2, i.e. 67.2 billion inhabitants in 2250. 
• Maybe this would be too much for the planet.
• UN population projections: stabilization around 9-10 billion by 2080-

2100 (with n close to 0%, or maybe around -0.1%/-0.2%)

https://population.un.org/wpp/




On the simple arithmetics of demographic growth

• Assume fertily = f children per women, with average childbearing age = 30 
and stable age structure (i.e. ignoring ageing). Then: 1+n = (f/2)1/30

• f=2 → n=0%
• f=4 → n=2.34% = pop. doubles every 30 years (never happened at world level)
• f=3.5 → n=1.88% = pop. rises by 75% of every 30 years (≈World 1950-1990)
• f=3 → n=1.36% = pop. rises by 50% every 30 years (≈World 1990-2025)
• f=2.4 → n=0.61% = pop. rises by 20% every 30 years (≈World 2025-2050)
• f=1.9 → n=-0.17% = pop. drops by 5% every 30 years (≈World 2080-2100)
• f=1.5 → n=-0.95% = pop. drops by 25% every 30 years (≈World post-2100?)



Demographic growth in the very long-run (0-1800)
• According to Maddison 2010, world population rose from ≈220m in 0 to 

270m in 1000, 440m in 1500, 600m in 1700 and 1.0b in 1800
→ very very small population growth in the long-run (n≈0.09%/year 0-1800), but 
still positive (1.00091800=5.0) (i.e. surviving fertility rate f≈2.05)
• A 5-fold multiplication in population is not a stagnant economy: enormous

demographic expansion, deforestation, rise in agricultural productivity, etc.
• At the same time average living standards have been quasi-stagnant over 0-

1800, i.e. close to subsistence level
→ the « augmented Malthusian poverty trap » (Young 1792, Malthus 1798)
• Ok but the complete story is more complex: demographic behavior is not 

determined by economic factors alone: role of religion (early French fertility
decline around 1750-1780), role of conflicting beliefs & norms about gender
equality, planetary habitability, etc. → more on this in Lecture 2

https://www.rug.nl/ggdc/historicaldevelopment/maddison/releases/maddison-database-2010
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World Population 1800-2025: x8 
(1.0 billion → 8.2b) (n=0.9%/year)



• World Per Capita GDP 1800-2025: x 18 (from 900€ to 16 000€) (PPP 2025 €)
• Average annual growth rate of per capita GDP over 1800-2025 period:

h = 1.27% 
• I.e. 1.0127225=16/0.9, or conversely (16/0.9)1/225 = 1.0127
• In other words, a relatively small annual growth rate cumulated over very

long periods generate enormous growth
• Assume h = 1.27% continues over 2025-2250, then per capita GDP will again

be multiplied by 18, i.e. 288 000€ in 2250. 
• Maybe this would be too much for the planet, & maybe we do not need so

much per capita GDP
→ In order to answer these questions, one needs to look at sectoral
composition of GDP, material footprint, GHG emissions, etc., i.e. one needs to 
look at material accouting and not only at monetary accounting



• World Population 1800-2025: x 8 (from 1.0 billion to 8.2 billion)
• World Per Capita GDP 1800-2025: x 18 (from 900€ to 16 000€) (PPP 2025 €)
• World Aggregate GDP 1800-2025: x 146 (from 0.9 trillion € to 131.2 trillion €) 
• Average annual growth rate of aggregate GDP over 1800-2025 period:

g = 2.24% 
• I.e. 1.0224225=131.2/0.9, or conversely (131.2/0.9)1/225 = 1.0224
• By definition, g = n + h, or more precisely 1+g = (1+h) x (1+n)
With g = 2.24% = aggregate GDP growth rate
n = 0.94% = population growth rate
h = 1.27% = per capita GDP growth rate
→ Bottom line: population growth has been a large part of total GDP growth
over 1800-2025 (almost half); it is slowly diminishing and it will become close 
to zero (or slightly negative) by 2100



National Accounts: from Land & Social Tables (18c) to Capital 
& GDP (19c-20c) to Ecological Accounts/Ghost Hectares (21c)
• On the long history of national accounts, see R. Stone, The Accounts 

of Society, Nobel Lecture, 1984; see also Maddison 2001 and Piketty-
Zucman 2014 for extensive historical references.

• General lesson: all modern societies create national accounts in 
order to measure social change & organize centralized state power; 
the set of indicators entirely depends on political choices about 
socioeconomic priorities & the representation of conflicting claims

• Petty 1691, King 1696, Boisguillebert 1695, Vauban 1707: estimates 
of total land & other property value of England & France + “social 
tables” on income & wealth distribution (closely linked to the 
process of state centralization & social conflict going on at the time)

http://piketty.pse.ens.fr/files/Stone84.pdf
http://piketty.pse.ens.fr/files/Stone84.pdf
http://piketty.pse.ens.fr/files/Maddisson2001.pdf
http://piketty.pse.ens.fr/capitalisback
http://piketty.pse.ens.fr/capitalisback


G. King 1696: Natural & Political Observations and 
Conclusions touching the State & Conditions of England



The Social Tables of G. King 1696



From Giffen 1889 to Lenin 1916: Measuring Capital



S. Kuznets, 1953 Atkinson & Harrison, 1978R. Lampman, 1962

Kuznets 1953: the Birth of Distributional National Accounts



K. Pomeranz, 2000 S. Beckert, 2015P. Parthasarathi, 2011 S. Beckert, 2025

Pomeranz 2000: Ghost Hectares & Ecological Accounting



From Output to GDP (Gross Domestic Product), Net 
Domestic Product (NDP), Gross National Income (GNI) 

and NNI (Net National Income)
• The concept of GDP is more complicated than it seems
(1) GDP is different from Output                                                                    
I.e. GDP = Value Added = Output – Intermediate Consumption
(2) GDP includes both market and non-market production
(3) NDP = GDP – CFC (Consumption of Fixed Capital)
(4) NNI = NDP + NFI (Net Foreign Income) (NFI=0 at world level)
(similarly, GNI = GDP + NFI)
(5) GDP & other aggregates can be measured in PPP (purchasing 
power parities) or MER (market exchange rates)



(1) GDP is different from Output 
• Output = total production of goods and services, whether they are 

used as Final Consumption Expenditure (FCE), Investment 
Expenditure (IE) or Intermediate Consumption (IC) (inputs used by 
production units to produce output)

• GDP = Output – Intermediate Consumption (IC) = Valued Added
• In practice, IC ≈ almost as large as GDP: both around 50% of Output
• I.e. Output is ≈ twice as large as GDP: about half of output is used as 

input by firms to produce output (large sectoral variations: energy is 
mostly used as intermediate input: key to measure material footprint) 
(potentially also important for inequality measurement)                        
(see D. Leite, The Firm as Tax Shelter: Micro Evidence and Aggregate 
Implications of Consumption Through the Firm, 2024)

https://wid.world/document/the-firm-as-tax-shelter-micro-evidence-and-aggregate-implications-of-consumption-through-the-firm-world-inequality-lab-working-paper-2024-25/
https://wid.world/document/the-firm-as-tax-shelter-micro-evidence-and-aggregate-implications-of-consumption-through-the-firm-world-inequality-lab-working-paper-2024-25/


Input/Output Ratios: Observed Series 
1970-2025 & Projections 2026-2100 



• GDP = sum of value-added (VA) of all sectors = sum of output of all sectors – 
sum of intermediate consumption of all sectors (production approach)

• GDP = sum of final consumption expenditure (FCE) & investment expenditure 
(IE) of all sectors (expenditure approach)

• GDP = sum of incomes generated by all sectors: labour income (wages), capital 
income (profits) and mixed income (self-employment) (income approach)

→ These 3 ways to compute GDP rely on different raw sources but should in 
principle lead to the same GDP aggregate
→ In practice not all countries are able to reconcile the three approaches                                 
E.g. some of the less developed countries do not always provide the income 
decomposition (i.e. no wage-profit income split)



(2) GDP includes both market & non-market production
According to official national accounts definition (SNA 2008), output is 
split between various institutional sectors (see Dietrich et al 2025):
Government sector: institutional units whose main activity is to 
produce non-market goods, i.e. goods & services provided for free or at 
a price that is “not economically significant” (i.e. typically covering less 
than half of the costs), in which case these goods & services are valued 
using production costs (e.g. teachers’ wages for public schools)
Corporate sector & Household sector (self-employed individuals): 
institutional units whose main activity is to produce market goods, i.e. 
goods & services sold at “economically significant prices”, in which case 
they are valued using market prices (incl. taxes & subsidies) 
(+ Non-profit sector : non-market producers receiving gifts)

https://unstats.un.org/unsd/nationalaccount/docs/SNA2008.pdf
https://wid.world/document/extending-wid-national-accounts-series-institutional-sectors-and-factor-shares-world-inequality-lab-technical-note-2025-03/
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(3) NDP = GDP – CFC
NDP = Net Domestic Product
GDP = Gross Domestic Product
CFC = Consumption of Fixed Capital (CFC) (capital depreciation)
CFC ≈ 10-15% GDP (2-3% capital stock if K ≈ 500% GDP) & rising over 
time = accelerated capital obsolescence, i.e. cars & computers need to 
be replaced or repaired more often than buildings or land

See Bauluz et al, “Global Wealth Accumulation and Ownership Patterns, 
1800-2025”, 2025, for a more detailed analysis of capital depreciation 
by asset categories

https://wid.world/document/global-wealth-accumulation-and-ownership-patterns-1800-2025-world-inequality-lab-working-paper-2025-22/
https://wid.world/document/global-wealth-accumulation-and-ownership-patterns-1800-2025-world-inequality-lab-working-paper-2025-22/




(4) NNI = NDP + NFI
NNI = Net National Income (or more simply National Income)
NDP = Net Domestic Product
NFI = Net Foreign Income 
( = Net Foreign Capital Income + Net Foreign Labour Income)
NFI = 0 at the world level (by definition), so world NNI = world NDP
(and world GNI = world GDP) (Income = Product)
But at the country level, NFI can be >0 or <0 depending on whether the 
country has NFA (Net Foreign Asset Position) >0 or <0 (+ rates of return 
differentials etc.): foreign-owned countries can have a much smaller 
income than their production, especially during colonial period 

See G. Nievas, T. Piketty, “Unequal Exchange and North-South Relations: 
Evidence from Global Trade Flows and the World Balance of Payments 1800-
2025”, 2025 (WBOP.world), for a detailed analysis

https://wid.world/document/unequal-exchange-and-north-south-relations-evidence-from-global-trade-flows-and-the-world-balance-of-payments-1800-2025-world-inequality-lab-working-paper-2025-11/
https://wid.world/document/unequal-exchange-and-north-south-relations-evidence-from-global-trade-flows-and-the-world-balance-of-payments-1800-2025-world-inequality-lab-working-paper-2025-11/
https://wid.world/document/unequal-exchange-and-north-south-relations-evidence-from-global-trade-flows-and-the-world-balance-of-payments-1800-2025-world-inequality-lab-working-paper-2025-11/




(5) PPP (purchasing power parities) vs MER (market exchange rates)
PPP: estimated using price surveys for similar goods and services for all 
countries. Last one: ICP 2021 (International Comparison Program) (WB)
PPP: most accurate estimates in order to compare purchasing power 
and real volumes of goods and services across countries
Exemple: 1€ = 1.5$ in PPP, but only 1.1$ in MER. 
I.e. prices are ≈40% higher in US than in EU
I.e. by using MER, real US GDP is overestimated by ≈40% 
→ with PPP, US is not so rich, & China GDP is already >> US GDP
MER: too volatile & not meaningful for volume comparisons. 
But MER are still very relevant for international trade, capital flows & 
asset purchases

https://www.worldbank.org/en/programs/icp












Multiple Sectors & Relative Prices: Uneven Growth & Technical 
Progress and the Illusion of Market-Driven Dematerialization

It is critical to study the multi-sector GDP structure:
(1) Material footprint (in particular the size of energy/minerals 
inputs and carbon emissions) varies enormously across sectors
(2) Technical progress is highly uneven across sectors: it is much 
faster in material sectors (typically manufacturing) than in the 
services, implying that the growth in volume is much larger than 
the growth in value in material sectors – and also much more 
difficult to reduce in a market-driven future
See Chancel et al, Prosperity Within Limits?, 2026 (WSEED.world)
(World Input-Output Database 1970-2025 & Projections 2026-2100)

https://wid.world/document/prosperity-within-limits-planetary-habitability-global-convergence-and-structural-transformation-2026-2100-world-inequality-lab-working-paper-2026-03/
https://wseed.world/












Much faster technical progress in material sectors (esp. manufacturing) 
than in the services → relative price of material goods  
→ this implies that material growth is even larger than usually 
measured (no GDP dematerialization in volume terms: the fall of 
relative material prices tends to undo satiation effects)                                  
(→ dematerialization requires specific policies)

Per capita GDP: 1970 6.3k €  2025 16.5 €, i.e. x2.6 (h=1.8%/year)
I.e. average monthly income in the world rose from 0.5k€ to 1.4k€
Relative price of manufacturing: 1970 1.80  2025 1.00
Relative price of education/health: 1970 0.65  2025 1.00
I.e. per capita expenditure in manufacturing x4.7,                                      
but per capita expenditure in education/health x1.7











Conclusion of Lecture 1

• The measurement of social & economic progress is a key 
issue. The choice of indicators reflects socioeconomic & 
political priorities & should not be left to statistical institutes: 
it is an issue for all social scientists (economists, historians, 
sociologists, etc.) and citizens to discuss & decide

• Material accounting (volumes) and monetary accounting 
(income, wealth, wages, etc.) are both essential 
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