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The multiverse



The universe of 
uncertainty that didn’t 
hide: reaching out to 
multiverse analysis 



Models are fragile
 

“… inferences from mathematical models of phenomena to real physical applications must also 
be demonstrated to be approximately correct when the assumptions of the model are only 
approximately true” [1] 

[1] S. C. Fletcher, ‘The Principle of Stability’, Philosopher’s Imprint, vol. 20, no. 3, 2020, Accessed: Sep. 08, 2024. [Online]. 

Pierre Duhem (1861-1916) 
and his ‘Principle of 

stability’



Models are fragile 

Duhem’s principle of stability [1], and the occurrence of either Butterfly [2] or 

Hawkmoth effects [3]. 

The accumulation of parametric error in a model, the so-called uncertainty 

cascade [4], that is the subject of global sensitivity analysis studies. 

[1] S. C. Fletcher, ‘The Principle of Stability’, Philosopher’s Imprint, vol. 20, no. 3, 
2020, Accessed: Sep. 08, 2024. [Online]. 
[2] H. G. Schuster, Deterministic Chaos: An Introduction, 2nd Rev edition. Weinheim: 
Vch Pub, 1998.
[3] E. Winsberg, ‘Appendix: Structural Stability and the “Hawkmoth Effect”’, in 
Philosophy and Climate Science, Cambridge: Cambridge University Press, 2018, pp. 232–246. 
doi: 10.1017/9781108164290.016.
[4] M. Christie, A. Cliffe, P. Dawid, and S. S. Senn, Simplicity, Complexity and 
Modelling. Wiley, 2011. 
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“I have proposed a form of organised sensitivity analysis that I call 
‘global sensitivity analysis’ in which a neighborhood of alternative 
assumptions is selected and the corresponding interval of inferences is 
identified. 
Conclusions are judged to be sturdy only if the neighborhood of 
assumptions is wide enough to be credible and the corresponding 
interval of inferences is narrow enough to be useful.”

Edward E. Leamer, 1990, Let's Take the Con Out of 
Econometrics, American Economics Review, 73 
(March 1983), 31-43.



Fishing expeditions and forking paths … 



Jorge Luis Borges  
(1899-1986)

Taking different 
narratives within the 
same novel like Ts'ui Pên



Can global SA help?



The universe of 
uncertainty that didn’t 
hide: reaching out to 
multiverse analysis 



A modelling of the modelling process of 
existing demographic projections, because: 

➔ They are all important / growth and 
demography go hand in hand 

➔ Existing projections (e.g. The 2024 UN 
World Population Prospects) leave room for 
doubt 

➔ Some important assumptions (e.g. rebound 
effect, world replacement rate) are 
uncertain or controversial 

➔ What a model can and cannot say 



What Is Demographic 
Projection?

Definition

• A demographic projection estimates the future population size and 
structure (by age, sex, location) using current data and assumptions 
about fertility, mortality, and migration.

• It is not a prediction but a scenario-based simulation of plausible 
futures.

https://www.alamy.com/vector-illustration-of-social-and-demographic-world-map-on-blue-background-image365832606.html?



What Is Demographic 
Projection?

Why It Matters

• Critical for planning: labor markets, healthcare, pensions, 
education, urbanization.

• Shapes national policy, global development goals, and climate 
pathway modeling (e.g., SSPs).

https://www.alamy.com/vector-illustration-of-social-and-demographic-world-map-on-blue-background-image365832606.html?



China’s Trajectory

From Boom to Bust

• Total Fertility Rate dropped from ~6 in 1960s to 
~1.0 in 2023—far below replacement.

• China’s population peaked in 2022, now declining 
faster than expected

• "1-2-4 Society"

• One child supports two parents and four 
grandparents.

• Unsustainable dependency ratio with severe 
implications for pensions, care, and consumption

• Legacy of One-Child Policy
https://rebekahpothaar.medium.com/



Data Challenges in Chinese Demography

• Statistical Unreliability

• Historic data manipulated to meet political goals (e.g., birth quotas).

• Population size in censuses adjusted retroactively.

• Current estimates may undercount births or exaggerate migration.

• Epistemic Consequences

• Faulty data fed into policy-justifying models, creating a feedback loop of 
mistaken certainty.

• Long-term projections (e.g., 4+ billion in 2080) based on flawed 
assumptions now widely discredited



Sources for the model used 



Around 40 parameters were randomized: 32 demographic figures plus 5 
model hyperparameters. The demographic ones include:

• Survival rates for each age group (15 in total),

• Baseline fertility rates for the fertile female age groups (5),

• Initial population composition (14 groups — the 15th is implied since 
they must sum to 1),

• Infant survival rate (1),

• Proportion of females in the population (1).

The numerical indices (0–14) denote which age groups these refer to — 
14 being the elderly group



There's a fat upper tail 
reaching up to two billions, 
but a large portion of the 
1,000 simulations actually 
undershoot the 700 million 
population target 
(work in progress) 



Sensitivity analysis 
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The delta sensitivity index refers to the Borgonovo moment-independent sensitivity index. The other measures are PAWN 
and variance based total sensitivity indices (work in progress)

Sensitivity analysis:
survival elderly 

group most 
important



The End



1999 figure from Stefano Tarantola: already a multiverse?



Methods Used in Demographic Projections

Deterministic Models

• Cohort-component method: Tracks cohorts through time using age-specific 
fertility, mortality, and migration rates. Most widely used.

Probabilistic Models

• Incorporate uncertainty and variability in key parameters.

• Examples: Bayesian hierarchical models (used by UN), ensemble approaches.

Computational Advances

• Microsimulation for individual-level projection.

• Multiverse analysis or analytic flexibility: exploring multiple methodological 
“paths” to see how choices influence results.



Demographic Projection Models

Classical Models

• Leslie matrix models for age-structured population dynamics.

• Lotka’s renewal equations for long-term growth.

Policy-Centric Models

• Optimal control theory: e.g., Olsder & Strijbos (1976) modeled birth rate as a control
variable under economic constraints

Scenario-Based Frameworks

• Shared Socioeconomic Pathways (SSPs): used in climate modeling; population is one of 
five key drivers.

• Differences between UN, IHME, and IIASA projections highlight epistemic uncertainty
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