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ABSTRACT

This study investigates the complex, nonlinear dynamics of the achievement of Sustainable Development Goals
(SDGs) within national innovation ecosystems (NIEs), addressing a critical gap in understanding SDG saturation.
Studying this topic is crucial because, despite the growing importance of sustainability issues in innovation
ecosystem research driven by social and economic pressure, the literature remains fragmented and undecided,
lacking a clear understanding of complex governance and operational frameworks in NIEs. Employing the Bass
diffusion model, we analyze 22 years of SDG Index score data (2000-2021) from 177 countries/regions. The
model quantifies SDG saturation time, accounting for complex interdependencies and threshold effects over-
looked by traditional linear models. Findings reveal characteristic S-shaped adoption curves for most countries,
indicating initial slow progress, acceleration driven by imitation, and eventual saturation. Geographical and
socioeconomic clustering analyses highlight distinct patterns in SDG progress that depend on the peculiarities of
complex systems in national contexts. High-income countries exhibit greater innovation efforts but lower satu-
ration potential due to the proximity to SDG ceilings, while lower-income countries face complex structural
constraints. The Bass model proves effective for forecasting SDG saturation and informing policy interventions in
complex systems like NIEs, emphasizing the need for context-dependent governance and resource allocation to
accelerate equitable sustainable development across the globe.

Introduction contingent approaches in innovation-as-a-context ecosystems, institu-
tional inertia, resource (absorption) limitations, and inadequate and
National innovation ecosystems (NIEs) can accelerate technological, nonlinearly intertwined efforts among the multiple agents in NIEs

social, and economic progress toward achieving Sustainable Develop-
ment Goals (SDGs) by fostering collaboration, innovation, and entre-
preneurship (Azmat et al., 2023; Bras & Robaina, 2024; lizuka & Hane,
2021; Liao et al., 2024; Liu & Stephens, 2019; Nylund et al., 2021).
Specifically, a study on 131 countries demonstrates that NIEs improve
the achievement of SDGs (Wei et al., 2025) through the development of
eco-innovations and green technologies (Abdullai et al., 2022; Fatma &
Haleem, 2023; Yikun et al., 2022) entrenched with the tackling of so-
cietal issues and grand challenges (Ritala, 2024).

Nevertheless, their effectiveness in regard to SDGs can be con-
strained by various barriers as well as complexity issues, including
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(Gifford et al., 2020; Grama-Vigouroux et al., 2024; Huang et al., 2024;
Ponsiglione et al., 2021; Ponta et al., 2023; Qiao et al., 2024). For
instance, high-income nations show 2.3 times greater SDG progress per
dollar invested in innovation activities than low-income countries, due
to better institutional frameworks that mitigate the complexity of NIEs
(Prokop et al., 2021). This trend is confirmed by the overall dominance
of the agenda for implementing circular ecosystems in the Global North
(Aryee et al., 2025). The same research shows that southern/emerging
countries are underexplored and necessity-driven contexts for circular
innovation ecosystems, as well as being more chaotic in their imple-
mentation. In fact, the main differences concern emergence,
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orchestration, and governance dynamics. Telling examples relate to
such sectors as: organic food in Brazil (Ferrari et al., 2023), textiles and
apparel in Romania (Staicu & Pop, 2018), biochemical energy in India
(Mukherjee et al., 2021), agriculture in China (Zhong et al., 2012),
construction, and waste (Gyimah et al., 2024). Another research shows
that NIEs in complex contexts, such as developing economies (e.g.,
Brazil, Pakistan), increase productivity in small and medium enterprises
(SMEs) by 22-40 % and reduce resource waste by 15 % (Jan et al.,
2025). On the other hand, the complexity of post-conflict Ukraine’s
ecosystem requires enhanced academic-business links to accelerate
postwar SDG alignment (Kuzior et al., 2022).

Globally, the World Economic Forum (WEF) has shown that insuf-
ficient emphasis on sustainability-oriented innovation is linked to
worsening performance in the achievement of SDGs (WEF, 2025a),
whilst NIEs drive sustainability most effectively when integrating in-
clusive and more structured governance involving multiple agents in
complex systems (Wei et al., 2025). Indeed, over the past decade,
research on innovation ecosystems has focused primarily on under-
standing their structure, dynamics, and impact on economic growth
(Ancona et al., 2023; Marinelli et al., 2023; Rabelo Neto et al., 2024;
World Economic Forum, 2020; see also Spigel, 2017; Van de Ven, 1993)
by adopting the lenses of complexity theory to investigate the set of
actors, activities, and relations that determine the performance of eco-
systems (Chatti et al., 2024; Granstrand & Holgersson, 2020; Isenberg,
2016; Russell & Smorodinskaya, 2018; Toth et al., 2024). Moreover,
several definitory efforts have been undertaken in order to identify the
differentiating elements of innovation ecosystems, such as actors’ het-
erogeneity, actors’ interdependence, and system-level outcomes, all of
them calling for a specific focus on complexity issues. In fact, innovation
ecosystems are shaped by coevolutionary microfoundations, whereas
complex, nonlinear feedback loops among actors (e.g., firms, in-
stitutions) create emergent outcomes (Breslin et al., 2021) and varied
system-level outcomes depending on the ecosystem typology—i.e.,
innovation ecosystem, business ecosystem, platform and technology
ecosystems, entrepreneurial ecosystem, or knowledge and open inno-
vation ecosystems. Similarly, Reed et al. (2025) criticize linear “inno-
vation pipeline” models, advocating instead approaches that consider
the impact of policy shocks and adaptive strategies in triggering
cascading transformations across ecosystems. Zhang et al. (2023, 2024)
prove that green innovation spreads through unequal connection nodes
in complex networks, arising nonlinearly from actors’
micro-interactions (e.g., firms, universities, policymakers) (Zhou & Li,
2024). Such interactions may include different agents’ activities, such as
pollution taxes or default costs altering opportunity costs, thus incen-
tivizing green cooperation in NIEs, policy shifts, or startup disruptions.
Moreover, they may trigger disproportionate impacts across the
ecosystem (Zhang et al., 2024), learning and co-evolution dynamics
among actors (firms, governments, universities) that create emergent
behaviors challenging linear predictions (Miller et al., 2024) or
self-organization properties to organically reconfigure around shared
goals, driven by the growing emphasis on the sustainability transition in
policy and business strategies (Han et al., 2019; Toth & Hary, 2024).

In fact, scholars have recently explored convergent topics related to
innovation ecosystems and sustainability issues by emphasizing the
importance of integrating sustainability and social issues into innova-
tion practices, and reflecting the need for adaptive strategies when
dealing with the complexity of innovative organizations and ecosystems
(Pham & Vu, 2022; Pileliené & Jucevicius, 2023; Ritala, 2024; Zeng
et al., 2017). Sustainability issues are gaining momentum in innovation
ecosystem research (Liu & Stephens, 2019; Ritala, 2024) due to the
increasing recognition of environmental and social impacts stemming
from cooperative innovation efforts (Nylund et al., 2021; Yin et al.,
2020), the need for collaborative and cross-sectoral approaches—e.g.,
industrial symbiosis (Liu et al., 2024)—evolving policies and market
demands in complex regulatory frameworks (Agasty et al., 2023; Zhang
et al., 2023), and the importance of integrating sustainability into
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business models and regional development (Bakry et al., 2022; Oskam
et al., 2020; Penarroya-Farell et al., 2023). From the managerial and
policy perspectives, sustainable innovation ecosystems impact the
achievement of the goals set in the UN Agenda 2030 (United Nations,
2015) through collaboration among diverse stakeholders (Nylund et al.,
2021), digital transformation and integration of emerging technologies
(Dionisio et al., 2023; Liao et al., 2024; Springer et al., 2025), and
supportive policies (Dmytrenko & Kuba, 2024), though their effective-
ness can be hindered by barriers such as a lack of resources, networking,
and institutional support (Grama-Vigouroux et al., 2024).

However, despite the growing number of publications on (sustain-
able) innovation ecosystems, field literature remains fragmented and
lacks an understanding of the governance and operational frameworks
of innovation ecosystems (Xu & Li, 2024), particularly in the context of
sustainable development (Pileliene & Jucevicius, 2023). Moreover, a
systematization of the theoretical framework related to the complex,
adaptive, nonlinear interactions occurring among actors in innovation
ecosystems, as well as of their social, environmental, and economic
sustainability dimensions, is still missing (Breslin et al., 2021; Ponsi-
glione et al., 2021; Ponta et al., 2023; Reed et al., 2025; Thomas et al.,
2025). In addition, a strain of recent scientific literature highlighted the
dark side of the relationship between innovation and innovation eco-
systems, and SDGs, emphasizing how the former can have a negative
impact on the achievement of sustainability goals (Berry et al., 2024;
Islam, 2025; Yuan et al., 2023; Zhao et al., 2023). This pairs with the
undecided discourse in the literature about whether the complexity of
regulatory and cooperation frameworks in NIEs affects—positively or
negatively—the capability of countries to achieve the SDGs, given the
contrasting findings regarding high-income vs low-income countries,
and developing Vs war-torn/reconstruction economies
(Grama-Vigouroux et al., 2024; Jan et al., 2025; Kuzior et al., 2022;
Prokop et al., 2021).

Hence, existing studies concur that NIEs enable sustainability via
collaboration (e.g., Nylund et al, 2021) but disagree on
context-dependent and governance pathways (Pileliene & Jucevicius,
2023; Xu & Li, 2024), which are influenced by nonlinear interactions
among agents in complex systems (; Ponsiglione et al., 2021; Ponta et al.,
2023; Thomas et al.,, 2025) and affected by the undecided role of
ecosystem complementarities concurring with system-level value crea-
tion (Baldwin, 2024; Samuelson, 1974; Teece, 2018).

Finally, three critical research gaps emerge from these premises.
First, there remains a significant lack of understanding about the
comprehensive effects of complex governance models and actor dy-
namics on countries’ achievement of SDGs in NIEs (Reed et al., 2025).
Second, while studies increasingly recognize the impacts of innovation
ecosystems on SDGs (e.g., through technological externalities or
governance issues), there is insufficient empirical research on the extent,
speed, and variability of those effects across different national contexts
(Berry et al., 2024; Islam, 2025). Third, from the methodological
perspective, quantitative studies are underutilized in the field of inno-
vation ecosystems overall (Aryee et al., 2025). Moreover, most of the
literature is skewed towards qualitative efforts like conceptual works or
literature reviews (Pietrulla, 2022; Trevisan et al., 2022), thereby
missing the potential complementary findings from statistical testing or
hitherto unexplored applications of data-driven prediction efforts that
our work aims to cover, at least partially (Aryee et al., 2025).

Hence, our research questions are: (1) Do national innovation eco-
systems play a role in the achievement of Sustainable Development
Goals in the 193 UN member countries, and if so, how?; and (2) What are
the cross-country differences in terms of expected SDG saturation levels
over time?

As such, this study aims to investigate the overall impact of sus-
tainable innovation ecosystems on the achievement of country-level
SDGs over time, from 2000 to 2021. More specifically, we aim to pre-
dict when each country will achieve saturation level (100 %), indicating
when it is expected to achieve a satisfactory proportion of its SDG
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fulfillment potential.

The relevance of this prediction is fourfold. First, it helps in under-
standing governance and policy integration, as sustainable innovation
ecosystems align national policies with local actions through stake-
holder interactions, e.g., governments and communities. Examples
include the EU Green Deal’s regional hubs (European Commission,
2023), Rwanda’s decentralized energy systems supporting SDG 7
(UNDP, 2024), and Sweden’s national ecosystem strategy for SDGs
(Sachs et al., 2024), though measuring effectiveness remains chal-
lenging. Second, these ecosystems drive economic and technological
progress impacting SDGs via the twin transition, such as Sweden’s
textile recycling reducing waste (Ellen MacArthur Foundation, 2023)
and green tech leapfrogging in developing nations (World Bank, 2024).
They contribute to SDGs 7-9 and 12 (UNEP, 2024) by creating resilient
industries and boosting digital inclusion, as seen in Uganda’s
gender-inclusive tech hubs (ITU, 2023). Third, they promote social in-
clusion, e.g., Montreal’s healthcare collaborations advancing SDG 3
(Larsson et al., 2024) and Chile’s IoT water management empowering
marginalized groups, but disparities and gender discrimination persist,
calling for more equitable resource models and studies (African Devel-
opment Bank, 2025; UN Women, 2024). Fourth, these ecosystems
enhance resilience against challenges like Denmark’s wind energy for
climate action (IEA, 2023) and South Korea’s digital health platforms
during the pandemic (WHO, 2024), though systemic impact metrics
need development (SDSN, 2024). More research is necessary to scale
successful models across nations (World Economic Forum, 2025b).

This study presents the first framework to predict SDG saturation
levels at the country level (Fig. 1). It integrates NIEs’ governance and
nonlinear dynamics for overall estimation of achievable sustainability
goals. The study advances prior research by applying the Bass diffusion
model to sustainability analysis for the first time. The Bass model
quantifies SDG saturation time—the point when SDG progress nears its
maximum (Bass, 1969)—and accounts for complex interdependencies
and threshold effects overlooked by linear models. Findings show that
the Bass model effectively describes national SDG progress by reinter-
preting its parameters. SDG progress follows characteristic S-shaped
curves: slow start, accelerated growth, and saturation phases. The
framework fits most countries, except for 14 with complex instability
that fail to show clear S-curves. The results reveal geographical and
socioeconomic clusters with distinct SDG progress patterns.
Innovation-driven policies, investment, and governance lead to earlier
acceleration in SDG progress. High-income countries have higher
innovation but lower saturation potential, being close to SDG ceilings,
while low/middle-income countries face structural constraints, resulting
in lower innovation and saturation potential.

Maximum level of saturation 100% of SDG
g + achievement
E
E /,-'__
'E ./"
] 2
o
(7] /
s //
g /
& /
B
&-’ - -

Time (2000-2021)

Fig. 1. Conceptual model.
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Theoretical background
The bass diffusion model

The Bass diffusion model (Bass, 1969) helps in understanding inno-
vation adoption processes within populations by analyzing commercial
product uptake through its characteristic S-shaped adoption curve. This
temporal pattern reflects the general transition from slow adoption to
rapid acceleration and eventual market saturation across diverse inno-
vation contexts. The model’s theoretical foundation rests on two com-
plementary adoption mechanisms: innovation-driven adoption (external
influence parameter) and imitation-driven adoption (internal influence
parameter).

It is important to situate the Bass model in relation to innovation
diffusion theory, which conceptualizes the adoption of innovations
through five adopter categories (innovators, early adopters, early ma-
jority, late majority, laggards) and emphasizes the role of communica-
tion channels, social systems, and time in shaping diffusion patterns.
Rogers’ framework is highly influential in providing a qualitative, so-
ciological account of how innovations spread; however, it does not
provide a direct quantitative mechanism for forecasting adoption dy-
namics or for estimating parameters from empirical data.

By contrast, the Bass model translates Rogers’ qualitative insights
into a parsimonious mathematical formulation. This quantitative spec-
ification allows researchers to fit empirical time series, estimate country-
specific parameters, and make predictions about saturation dynamics,
which is essential for the analysis of SDG trajectories.

The adaptation of the Bass diffusion model to SDGs represents a
paradigmatic shift toward complex socioinstitutional transformation
processes (Wonglimpiyarat, 2025). As such, this recontextualization
requires careful consideration of the unique characteristics that distin-
guish SDG implementation from traditional innovation diffusion (Kanie
et al., 2014).

The innovation parameter in the SDG context encompasses exoge-
nous drivers, including governmental policy frameworks, complex in-
ternational agreements and multilateral initiatives, and institutional
mandates that independently promote SDG-aligned practices (Khalik
et al., 2024). These external influences are manifested through mecha-
nisms such as renewable energy subsidies, carbon pricing policies,
environmental regulations, and international development assistance
programs (Bitencourt et al., 2021).

The imitation parameter captures endogenous social dynamics,
including policy coherence, knowledge spillovers, normative conver-
gence, and complex cross-border learning processes, that increase SDG
implementation through peer effects (Li et al., 2023). This parameter
encompasses regional adoption of successful sustainability models,
South-South cooperation mechanisms, and knowledge transfer net-
works that facilitate the diffusion of best practices (Collste et al., 2017).

The market potential translates to SDG saturation potential, i.e., the
maximum feasible level of sustainable development achievement a
country can attain given its structural constraints (Marzouk et al., 2022).
These constraints may include economic capacity, institutional quality,
natural resource endowments, demographic characteristics, and
geopolitical complexity and stability.

Hence, the adapted Bass diffusion model provides a theoretically
grounded foundation for modeling SDG achievement trajectories across
heterogeneous country contexts (Fu et al, 2020). Its reformula-
tion—incorporating dynamic saturation potentials, country-specific
heterogeneities, and complex system feedback—enables robust pre-
dictions of SDG saturation timing and identifies leverage points for
accelerating global sustainability transitions.

The relationship between innovation ecosystems and SDGs

While sustainable innovation ecosystems are increasingly framed as
catalysts for the UN 2030 Agenda’s 17 SDGs (United Nations, 2015),
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their actual impact remains contingent on contested managerial and
policy dynamics. Some scholars highlight multi-stakeholder collabora-
tion (Nylund et al., 2021), digital tools (Dionisio et al., 2023; Liao et al.,
2024), and policy incentives (Dmytrenko & Kuba, 2024) as drivers of
socioeconomic and environmental progress, yet critics caution that
structural barriers—including resource disparities, fragmented net-
works, and weak institutionalization (Grama-Vigouroux et al., 2024)—
often dilute their transformative potential, revealing tensions between
ecosystem rhetoric and implementation realities.

In fact, on the one hand, innovation ecosystems are aimed at:
addressing climate change issues (SDGs 7, 13) by reducing CO: emis-
sions through clean energy solutions and a circular economy (Bras &
Robaina, 2024; George et al., 2020; Matos et al., 2022); achieving sys-
temic collaboration (SDG 17) through multi-stakeholder partnerships
exemplifying SDG-driven collaboration (Owen & Vedanthachari, 2022);
implementing circular economy practices (SDG 12) for responsible
production and consumption; supporting resilient supply chains and
protecting biodiversity (SDGs 9, 15) through the sustainable use of
natural resources (Albitar et al., 2023); scaling green innovations (SDG
9) such as digital/Al-driven solutions that cut emissions (George et al.,
2020; Matos et al., 2022); addressing water scarcity worldwide (SDG 6)
(Pandit & Sharma, 2023); promoting inclusive growth and reduced in-
equalities (SDG 10) by empowering SMEs and grassroots innovators (e.
g., vertical farming startups) (Jiitting, 2024; Mori et al., 2013; Song,
2025); enhancing policy implementation (SDG 16) like the EU Green
Deal (Jiitting, 2024); boosting economic competitiveness (SDG 8) as
companies in sustainability ecosystems are 1.4 times more likely to
achieve breakthroughs (Husainy et al., 2024); and fostering adaptive
resilience (SDG 3) by ensuring good health and well-being (Mori et al.,
2013; Pandit & Sharma, 2023).

By contrast, a strain of recent scientific literature highlighted
possible negative impacts of innovation on the achievement of sustain-
ability goals. For instance, in G7 countries, green innovation correlates
negatively with SDG progress, particularly poverty eradication (SDG 1),
due to high implementation costs displacing social investments (Islam,
2025). Circular innovations (e.g., textile recycling) advance SDG 12;
however, they often prioritize economic efficiency over labor rights,
undermining decent work (SDG 8) in supply chains (Berry et al., 2024;
Islam, 2025). Digital innovation ecosystems in low-income countries
exacerbate inequalities (SDG 10), as marginalized groups lack access to
infrastructure, thereby worsening digital divides (Berry et al., 2024).
Data-intensive innovations (e.g., AI) increase energy consumption
(contradicting SDG 7) and carbon emissions, offsetting sustainability
gains (Berry et al., 2024). Urban-centric innovation hubs widen rural-
—urban disparities (SDG 11), leaving rural communities behind in terms
of access to healthcare (SDG 3) and education (SDG 4) (Yuan et al.,
2023). Corporate-led innovation ecosystems, however, often prioritize
profit over equity, sidelining SDGs 5 (gender equality) and 17 (part-
nerships) in governance (Berry et al., 2024). Pandemic-driven innova-
tion (e.g., digital health), meanwhile, diverted resources from SDG 2
(zero hunger) and SDG 4 (education) in low-income regions (Henrysson
et al., 2024; Yuan et al.,, 2023). As for resource-intensive R&D,
clean-tech innovations in high-income countries rely on rare-earth
mining, violating SDG 15 (life on land) in extractive regions (Berry
et al., 2024; Islam, 2025). National innovation policies (e.g., subsidies
for tech startups) often neglect local SDG priorities, such as water se-
curity (SDG 6) in arid regions (Zhao et al., 2023). Cascading effects of
tech-driven growth (e.g., e-commerce) increase consumption (SDG 12)
but exacerbate waste and inequality (SDG 10) (Berry et al., 2024; Yuan
et al., 2023).

Data and methodology
Data

The dataset analyzed for this research is the online database for the
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Sustainable Development Report 2022 by Sachs et al. (2022), which is a
yearly report that reviews the progress made periodically by UN mem-
ber states with regard to the level of SDG achievement since their
adoption. The data used for this study span 22 years, from 2000 to 2021,
and the dataset contains 120 indicators covering the 17 SDGs, which
generate the overall score for each country. Overall, 193 countries are
included in the Sustainable Development Report 2022. The dataset in-
cludes several data on the SDGs, such as the overall results for all
countries, including the index score, goal dashboard, and trend dash-
board for all indicators and goals, spillover scores, raw values,
normalized scores, dashboard ratings, trends, and goal scores. The SDG
Index score and all other indicators are retroactively calculated across
time using time series data. Missing data are treated by carrying forward
time series data. Data come from international and rigorous organiza-
tions that operate extensive validation processes, like the World Bank,
the Organisation for Economic Co-operation and Development, the
World Health Organization, the Food and Agriculture Organization, and
the International Labour Organization. Therefore, the dataset charac-
teristics limit any biases related to single-source utilizations, and the
complete coverage of UN members avoids sample selection issues
(Alonso-Almeida et al., 2024). Finally, the quality of the data ensures the
reliability of the results.

The mathematical framework of the bass diffusion model

The Bass diffusion model (Bass, 1969) is a mathematical framework
for modeling the diffusion of innovation and new technologies over
time. It describes cumulative adoption as an S-shaped curve (or S-curve),
as the diffusion process starts slowly, initially accelerating until it fades
out when it reaches the full market potential. Mathematically, the Bass
model reads:

PO o + ar )~ F (1) M
where F (t) is the cumulative fraction of adopters at time & p represents
the proportion of adopters driven by forces exogenous to the social
dynamics of diffusion, such as advertisement or personal inclination
towards innovation; and q represents the proportion of adopters driven
by social pressure, i.e., the fact that many other people have adopted.
The parameters p and q are referred toas an innovation parameter and an
imitation parameter, respectively. Parameter M is the market potential,
i.e., the total amount of adoption registered at the end of the process.

The solution to this differential equation describes the S-curve,
characterized by an initial period of slow adoption dominated by in-
novators, followed by rapid adoption driven by imitators, and finally a
saturation phase when M is approached. The Bass model has tradition-
ally been applied in contexts such as consumer product adoption,
technology diffusion, and innovation management.

However, the overall flexibility of innovation diffusion models and
theories—i.e., Bass, Rogers—enables adaptation to other domains where
a diffusion-like process occurs (Wonglimpiyarat, 2025), including, for
instance, innovative services and platforms in the urban mobility sector
(Giglio & De Maio, 2022), electric vehicles (Brdulak et al., 2021; Kumar
et al., 2022), and mobile banking services (Saeed & Xu, 2020). In this
work, we have applied the Bass framework to data related to the SDGs
for a large number of countries. The S-curve generated by the Bass model
seems well suited to deriving insights into this process (Kanie et al.,
2014). Similarly to innovation diffusion, national efforts toward SDG
targets often begin slowly due to limited resources, institutional inertia,
or other structural barriers, but over time, as progress accelerates
through increased investment, policy implementation, and knowledge
sharing, the rate of improvement may rise sharply before eventually
stabilizing as the full potential of the country is approached.
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The adaptation of the bass diffusion model

To carry out this analysis, we fitted the Bass curve (1) to the time
series of the SDG results for each country. The dataset includes datasets
for the aggregate SDG Index score as well as indicators for the 17
different goals. The database also contains highly granular data with
time series for single measures contained in each goal, but no analysis
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has been carried out for these subgoals. The time span of the dataset
covers 22 years, from 2000 to 2021, with one data point for each year
corresponding to the level of fulfillment of the SDG on a scale ranging
from O to 100. With respect to the SDG Index score time series, we
performed a curve fitting of the S-curve produced by the Bass model
using nonlinear least squares. In particular, this means searching for the
set of parameters (p, g, M) that produces the S-curve that minimizes the
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Fig. 2. a, 2.b, 2.c, 2.d, 2.e. Geographic clustering.
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Fig. 2. (continued).
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squared difference between the curve itself and the data points of the
time series. It should be noted here that the canonical Bass has null
initial condition and grows to M. Hence, to apply the Bass framework in
this case, we had to shift the SDG Index score properly and later readjust
the fulfillment potential level M. Depending on the case and on the
quality of the fitting, some precautions have been adopted to ensure the
best fitting of the data points.

Journal of Innovation & Knowledge 12 (2026) 100907

First, a Monte Carlo exploration of the space of the parameters was
performed in case of an unsatisfactory result of the fitting for stiffer
cases.

In some cases, the high fluctuations in the data resulted in poor
fitting of the curve. In these cases, a moving average smoothing or an
exponential smoothing was performed prior to the application of the
least squares algorithm, depending on which led to the best

Bass Diffusion Model vs Actual Data
Upper-middle-income Countries - SDG Index Score

?2 T - -
71 -
70 4
69 -
& 68
2
g
67 -
66 -
65 -
i —e— Actual Data
- Fitted Bass S-Curve (p=0.005, q=0.293, M=71.9)
2000 2010 2020 2030 2040 2050
Year
Bass Diffusion Model vs Actual Data
Small Island Developing States - SDG Index Score
65 - e
64 -
P 634
=
g
62 -
61 -
—8— Actual Data
~~~ Fitted Bass S-Curve (p=0.002, q=0.365, M=65.1)

2010 2020

2030 2040 2050

Year

Fig. 3. a, 3.b, 3.c, 3.d, 3.e, 3.f, 3.g. Socioeconomic clustering.
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Fig. 3. (continued).

performance.

For a minority of countries, the best fitting curve seems to underes-
timate the actual curve, likely due to idiosyncrasies in the trajectories of
the Index score. For these countries, we applied a case-specific fine-
tuning of the parameters—a common practice when fitting Bass curves
to real data. For a small subset of countries, the time series appears
highly linear. In these cases, the least squares method over the full set of

parameters (p, ¢, M) led to a meaningless overestimation of parameter
M, which far exceeded the cap value of 100. For these countries, we
forced the market potential to 100.

Moreover, for some countries, the trajectory of the SDG Index score
does not follow an S-shaped growth. For these nations, it is pointless to
apply the described method as one cannot retrieve useful insights from
the Bass framework. For each country, after having applied the



G. Masali et al.

Values

Values

Journal of Innovation & Knowledge 12 (2026) 100907

Bass Diffusion Model vs Actual Data
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Fig. 3. (continued).
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corrections and assessed the best fit parameters, the time of the peak in
the performance and the expected saturation time were computed. The
former refers to the time—which can be either in the past or in the
future—when the maximum increase in the year-to-year score is
detected. Since this refers to the Bass S-curve rather than the real data, it
is not influenced by random fluctuations in the dataset. The latter refers
to the time in which the country is expected to reach a satisfactory
proportion of its fulfillment potential. In this work, the satisfaction
threshold for computing the saturation time is 100 %, but of course, this
can be modified to be less demanding. This method can be applied in the
same way to the time series for the single goals for the countries in the
dataset. Due to these case-by-case exceptions, though, doing so is time-
consuming. As a preliminary study, we report in the next section some
results derived from the application of this method only to the aggre-
gated SDG Index score. If needed, more granular analysis can be
performed.

Results

The results are reported in Figs. 2a-e, 3a-g, and in the Appendix
(Table A.1). Findings suggest that the Bass framework is well suited to
explaining the majority of the trajectories in the fulfillment of the SDGs.
As a very general remark, few countries do not exhibit a clear S-shaped
trajectory (14 out of 177 entities), and they have often experienced very
severe sociopolitical instability in recent decades. Another 12 countries
show and underestimation by the Bass curve. The prediction for the
remaining 151 countries does not present such issues, which suggests
that the Bass paradigm can still be useful in this application even if it
fails in some specific cases. Various clusterings, both geographical (East
and South Asia, Eastern Europe and Central Asia, etc.) and sociopolitical
(low-income countries, OECD members, etc.), present some variability.

As for the parameter estimates and distributions, the Bass diffusion
model revealed substantial heterogeneity across entities. The innovation
parameter (p) demonstrated a mean value of 0.012705 with a range
spanning from —0.004975 to 0.081554. The imitation parameter (q)
exhibited a higher magnitude with a mean of 0.308457 and considerably
wider variation, ranging from —1.087885 to 3.899236. The market
potential parameter (M) showed extreme variability with a mean of
229.16 and a range extending from —2.92 to 19,789.91.

Geographical clustering

Model fit quality assessment based on the residual sum of squares
(RSS) indicated mixed performance across entities. Excellent model fit
(RSS < 1) was achieved for 29 entities (16.4 %), while good fit (RSS 1-2)
characterized 35 (19.8 %). Moderate fit (RSS 2-3) was observed in 44
entities (24.9 %), and poor fit (RSS > 3) affected 69 (39.0 %). The best-
performing models included Denmark (RSS = 0.107025), the United
States (RSS = 0.124277), Mauritius (RSS = 0.184018), high-income
countries (RSS = 0.191918), and the Philippines (RSS = 0.230923).
Conversely, the worst-performing models were Estonia (RSS =
13.317756), Venezuela (RSS = 11.644583), Sao Tomé and Principe (RSS
= 10.460178), Angola (RSS = 7.248241), and Mauritania (RSS =
6.897939).

Several entities demonstrated parameter estimates that deviate from
theoretical expectations. One entity (South Sudan) exhibited a negative
innovation parameter, while five (Azerbaijan, Cuba, Gabon,
Luxembourg, and South Sudan) showed negative imitation parameters.
Three entities (the Central African Republic, Syria, and Venezuela)
yielded negative market potential estimates, and two (Djibouti and New
Zealand) displayed extremely high market potential values exceeding
19,000, indicating potential overfitting or data quality concerns.

Socioeconomic clustering

A comparison between estimated market potential (M) and actual
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market potential (M real) revealed some underestimation across the
dataset. No entities demonstrated overestimation with ratios exceeding
2.0. The highest innovation parameter was observed in Cuba (p =
0.081554), while Barbados exhibited the highest imitation parameter (q
= 3.899236), and Djibouti demonstrated the highest estimated market
potential (M = 19,789.91). These extreme values suggest either unique
diffusion dynamics or potential model specification issues requiring
further investigation case by case.

Peak adoption years ranged from 1995 to 2194, with a median peak
year of 2012. Saturation years spanned from 2000 to 2198, with a me-
dian saturation year of 2033. Four out of 177 entities exhibited invalid
peak estimates (Azerbaijan, Cuba, Gabon, and Luxembourg), while three
showed saturation projections beyond 2100 (Cuba, Gabon, and
Luxembourg). This shows the overall validity of the Bass model
application.

Regional aggregates and income-based groupings generally demon-
strated better model fit than individual countries, with high-income
countries and OECD members being among the top-performing en-
tities. This pattern suggests that aggregated data may smooth individual
country volatility and provide more stable parameter estimates for Bass
model application.

The minor proportion of entities with poor model fit indicates that
the standard Bass diffusion model may have relevant applicability to
SDG Index score diffusion patterns. By contrast, those cases presenting
an underestimation of market potential and the occurrence of negative
parameter values suggest that SDG achievement dynamics sometimes
does not conform to traditional product diffusion assumptions, neces-
sitating model modifications or alternative theoretical frameworks for
accurate representation of SDG adoption patterns.

Discussion

Clustering analyses based on socioeconomic and geographic criteria
reveal nuanced and complementary insights into the diffusion and
saturation patterns of SDGs across countries and regions. Socioeconomic
clustering distinctly segments countries into developmental tiers-high-
income, middle-income, and low-income groups-reflecting fundamental
differences in economic capacity, institutional quality and complexity,
and human capital that critically shape SDG achievement trajectories.
This finding aligns with research emphasizing that sustainable innova-
tion ecosystems and SDG progress are deeply contingent on economic
wealth, education, and institutional robustness and complexity, which
drive innovation capacity and imitation effects (Dmytrenko & Kuba,
2024; Nylund et al., 2021). The heterogeneity in Bass diffusion model
parameters across socioeconomic clusters supports the hypothesis that
these foundational conditions strongly influence the pace and extent of
SDG adoption.

Geographic clustering highlights regional cohesion and policy spill-
overs, reflecting shared cultural, political, and environmental contexts
that facilitate knowledge transfer and normative convergence (Owen &
Vedanthachari, 2022). However, the persistence of substantial intrare-
gional disparities indicates that geographic proximity alone cannot
overcome complex structural barriers such as resource disparities,
governance fragmentation and complexity, and social inequality
(Grama-Vigouroux et al., 2024). This confirms critiques in the literature
that ecosystem collaboration rhetoric often confronts complex imple-
mentation challenges due to uneven capacities and institutional weak-
nesses (Berry et al, 2024). Thus, while regional cooperation
mechanisms (SDG 17) can catalyze diffusion through multi-stakeholder
partnerships and policy harmonization (Owen & Vedanthachari, 2022),
the underlying socioeconomic context remains the predominant deter-
minant of SDG diffusion success.

The clustering results further suggest that high-income countries and
OECD members, which cluster socioeconomically, exhibit stronger Bass
model fits and greater saturation potential, reflecting their advanced
innovation ecosystems and complex policy infrastructures (Husainy
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et al., 2024; Jiitting, 2024). Conversely, many low-income countries,
even when geographically proximate to better-performing neighbors,
remain in lower diffusion clusters, in line with documented digital di-
vides and resource constraints that exacerbate SDG inequalities (Yuan
et al., 2023). This supports the hypothesis that innovation ecosystems,
while pivotal for progress on climate action (SDGs 7, 13), a circular
economy (SDG 12), and inclusive growth (SDG 10), are highly contin-
gent on overcoming structural barriers (Bras & Robaina, 2024; Song,
2025).

Moreover, the clustering patterns may reflect the uneven spatial
distribution of innovation benefits, where urban-centric innovation
hubs concentrate resources and capabilities, leaving rural and margin-
alized populations behind, thus reinforcing spatial inequalities (Yuan
et al., 2023). Digital innovation ecosystems in low-income clusters may
exacerbate social exclusion due to infrastructural deficits, limiting the
imitation-driven diffusion of sustainable practices. The findings also
highlight the risk of misaligned national innovation policies that neglect
local SDG priorities, such as water security or biodiversity conservation,
which are critical in resource-constrained regions (Albitar et al., 2023;
Zhao et al., 2023).

Importantly, these results echo the dual nature of innovation eco-
systems described in recent literature. On the one hand, innovation
ecosystems foster systemic collaboration (SDG 17), green technology
scaling (SDG 9), and adaptive resilience (SDG 3) through multi-
stakeholder partnerships, digital tools, and policy incentives
(Dmytrenko & Kuba, 2024; Liao et al., 2024; Nylund et al., 2021). On the
other hand, they may inadvertently exacerbate inequalities (SDG 10),
environmental trade-offs (SDGs 7, 15), and social exclusion, particularly
in low-income and marginalized contexts (Berry et al., 2024; Islam,
2025). For example, green innovations in G7 countries have been found
to correlate negatively with poverty eradication due to high costs dis-
placing social investments (Islam, 2025), a dynamic that may be re-
flected in the clustering of diffusion parameters.

In summary, the clustering analyses substantiate the complex inter-
play between socioeconomic capacity and geographic factors in shaping
SDG diffusion pathways. They confirm that while innovation ecosystems
are critical enablers of the 2030 Agenda, their transformative potential
is mediated by multilevel governance dynamics, resource distribution,
and equity considerations (Dionisio et al., 2023; Grama-Vigouroux et al.,
2024; United Nations, 2015). These insights suggest that effective policy
interventions should simultaneously strengthen socioeconomic foun-
dations and foster regional cooperation to accelerate equitable and
widespread diffusion of sustainable development innovations across the
globe.

Conclusions

This study demonstrates that the Bass diffusion model can be effec-
tively adapted to analyze national progress toward Sustainable Devel-
opment Goals, capturing the characteristic S-shaped adoption curves of
SDG achievement across diverse countries. The model’s parameters
reveal significant heterogeneity influenced by socioeconomic and
geographic factors, reflecting the complex dynamics of innovation
ecosystems. While high-income countries tend to approach saturation
earlier, lower-income nations face structural constraints limiting their
SDG fulfillment potential. These findings highlight the importance of
innovation ecosystems and governance in accelerating sustainable
development. Overall, the Bass model provides a valuable quantitative
framework for forecasting SDG saturation timing and informing policy
interventions.

Theoretical implications
The application of the Bass diffusion model in this study extends its

traditional use from product and technology adoption to the complex
domain of achieving SDGs at the national level (Bass, 1969;
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Wonglimpiyarat, 2025). The model’s foundational premise—that
adoption dynamics arise from two complementary mechanisms, namely
innovation-driven external influences and imitation-driven internal so-
cial interactions—offers a parsimonious yet powerful lens through
which to understand the nonlinear progression of SDG fulfillment (Kanie
et al.,, 2014). By reinterpreting the market potential parameter as the
SDG saturation potential, this adaptation accounts for structural con-
straints and capacities that are unique to each country, such as economic
resources, institutional quality, and geopolitical stability (Marzouk
et al., 2022).

Theoretically, this reformulation bridges innovation diffusion theory
with complexity science by acknowledging that SDG progress emerges
from the interplay of multiple heterogeneous agents within national
innovation ecosystems (Breslin et al., 2021; Ponta et al., 2023). These
ecosystems are characterized by adaptive, nonlinear feedback loops
among governments, firms, and civil society actors, which influence the
acceleration and eventual saturation of sustainable development efforts
(Reed et al., 2025; Toth et al., 2024). The Bass model’S-shaped curve
effectively captures the transition from initial slow progress—often
hindered by institutional inertia and resource limitations
(Grama-Vigouroux et al., 2024)—to rapid acceleration driven by policy
coherence, knowledge spillovers, and normative convergence (Collste
et al.,, 2017; Li et al., 2023), culminating in a plateau as countries near
their fulfillment ceilings.

Moreover, the model’s parameters provide insight into the relative
strength of external policy drivers versus internal social dynamics across
different socioeconomic and geographic clusters, highlighting the
importance of context-dependent governance frameworks (Husainy
et al.,, 2024; Nylund et al., 2021). This aligns with the emphasis of
complexity theory on emergent behaviors arising from microlevel in-
teractions within complex adaptive systems (Granstrand & Holgersson,
2020; Miller et al., 2024). While the Bass model simplifies some aspects
of these interactions by aggregating adopters, its successful application
here suggests that even relatively simple diffusion models can yield
meaningful insights into complex socioinstitutional transformations
when carefully adapted.

Theoretically, this study invites further integration of the Bass
framework with network-based and agent-based models that explicitly
capture heterogeneity and multilevel interactions (Zhang et al., 2024;
Zhou & Li, 2024), enhancing the understanding of how innovation
ecosystems evolve and influence SDG trajectories. It also underscores
the need to consider dynamic saturation potentials and threshold effects
to better reflect the evolving capacities and constraints within innova-
tion ecosystems. In sum, this work contributes to the theoretical litera-
ture by demonstrating the Bass model’s flexibility and relevance for
modeling complex, multi-actor sustainability transitions in national
contexts.

Practical implications

From a practical standpoint, the adapted Bass diffusion model offers
policymakers, innovation managers, and development practitioners a
quantitative tool for forecasting the timing and extent of national SDG
achievement, enabling more informed strategic planning (Sachs et al.,
2024). By estimating the innovation and imitation parameters,
decision-makers can discern the relative impact of external policy ini-
tiatives versus internal social dynamics, guiding the allocation of re-
sources and the design of interventions to accelerate sustainable
development (Dmytrenko & Kuba, 2024; Nylund et al., 2021).

For instance, a higher innovation parameter suggests that strength-
ening external drivers—such as regulatory frameworks, subsidies for
green technologies, and international cooperation—can effectively
stimulate early SDG adoption (Bitencourt et al., 2021; European Com-
mission, 2023). Conversely, a higher imitation parameter highlights the
critical role of endogenous factors like peer learning, knowledge spill-
overs, and regional cooperation networks, suggesting that fostering
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collaborative governance and multi-stakeholder partnerships can in-
crease progress (Collste et al., 2017; Owen & Vedanthachari, 2022).
Understanding these dynamics allows governments to tailor policies to
their specific contexts, focusing on either enhancing policy incentives or
facilitating social diffusion mechanisms (Dionisio et al., 2023; Liao et al.,
2024).

The ability of the model to predict saturation times also assists in
setting realistic targets and monitoring progress, as it helps to identify
countries or regions at risk of stagnation due to structural barriers or
governance challenges (Grama-Vigouroux et al., 2024; Zhao et al.,
2023). This insight supports the prioritization of capacity-building ef-
forts, institutional reforms, and investment in innovation ecosystems
where they are most needed (Jiitting, 2024; UNDP, 2024). Furthermore,
recognizing the heterogeneity of diffusion patterns across socioeco-
nomic clusters enables international organizations and donors to
customize support strategies, addressing disparities between
high-income and low-income countries (World Bank, 2024).

In addition, the Bass model’s framework can inform private sector
actors and innovation hubs by signaling market readiness and potential
demand for sustainable technologies, thereby optimizing investment
decisions and scaling strategies (Husainy et al., 2024; Song, 2025). It
also aids in anticipating the impact of disruptive events or policy shocks
on SDG trajectories, enabling the use of adaptive management in com-
plex and uncertain environments (Reed et al., 2025).

Overall, this practical application of the Bass diffusion model equips
stakeholders with a robust, data-driven approach to enhance coordina-
tion, improve policy coherence, and accelerate the diffusion of sus-
tainability innovations within national innovation ecosystems,
ultimately advancing the global 2030 Agenda (Nylund et al., 2021;
United Nations, 2015).

Limitations and future research directions

Despite its valuable insights, this study acknowledges several limi-
tations inherent in applying the Bass diffusion model to complex soci-
oinstitutional phenomena like SDG achievement. The model’s
assumption of homogeneous adopter populations and constant param-
eters over time simplifies the diverse and evolving nature of national
innovation ecosystems. Some countries exhibited poor model fit or
anomalous parameter estimates, reflecting sociopolitical instability or
data quality issues that the model cannot fully capture.

Moreover, the model used in this research needs to be complemented
by Rogers’ model when considering investigating the maturity stages of
a subgroup of more consolidated innovation ecosystems as well as the
consequences of for platform design and governance (Rogers, 2003;
Rogers et al., 2014; Springer et al., 2025).

Future research should explore methodological enhancements by
integrating the Bass framework with agent-based and network diffusion
models to explicitly represent heterogeneous actors, multilevel gover-
nance structures, and dynamic feedback loops. Incorporating time-
varying parameters would enable the model to better reflect changing
policy environments, shocks, and adaptive behaviors. Additionally,
leveraging richer, higher-frequency data sources, such as real-time
policy implementation metrics or social network analyses, could
improve parameter estimation and model validation.

Further empirical studies could extend the analysis to subnational
levels or specific SDGs to uncover more granular diffusion patterns and
contextual factors. Investigating the interplay between innovation
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ecosystems and negative externalities, such as inequality or environ-
mental trade-offs, would also deepen understanding of the “dark side” of
innovation.

Additional research is needed to uncover the differences in
sustainability-related dynamics, governance patterns, and structural
factors of B2B innovative industrial ecosystems vs B2C ones, thus calling
for a multigroup comparison of B2B vs B2C ecosystems (Springer et al.,
2025; see also Ritala & Jovanovic, 2024).

Future research efforts should also be devoted to coordination-level
efforts in platform ecosystems and innovation ecosystems in general,
with a view to grand challenge resolution. Possible research questions to
address include: (1) How can pro-environmental or prosocial actors be
combined with profit-oriented ones in innovation ecosystems?; (2) How
can these different kinds of actors be incentivized?; (3) How can
brokerage among those actors help in reducing the overall complexity
and uncertainty in innovation ecosystems? (Ritala, 2024; see also
Samuelson, 1974).

Finally, interdisciplinary approaches combining complexity science,
behavioral economics, and sustainability transitions theory hold prom-
ise for refining theoretical frameworks and developing more compre-
hensive models to guide policy and practice in achieving sustainable
development.
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Appendix

Table A.1

Best fitting parameters, the corresponding sum of squares error, the peak and saturation times and the re-

adjusted fulfillment potential per each country.
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Country

Albania
Algeria
Angola
Argentina
Armenia
Australia

Austria

Bahrain

Bangladesh

Belarus
Belgium
Belize
Benin
Bhutan
Bolivia

Bosnia and
Herzegovina

Botswana

Brazil

Brunei
Darussalam

Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon

Canada

Chad
Chile
China

Colombia

Costa Rica

Cote d'Ivoire

Cuba

Cyprus

p_least_squares

0,01542901

0,018283443
0,001355098
0,018203105
0,020454587
0,02315452

0,018210041

3,22202E-05
0,000338163

0,020709038
0,040722506
0,019595172
0,011719941
0,015971014
0,016704936

0,006098272

7,21147E-05
0,031493876

0,000667361

0,044650194
0,003993005
0,025400976
0,002675952
0,006559417
0,023430313

0,000910255
0,006221331
0,002490427
0,034924128

Congo, Dem. Rep. 0,001550144

0,023366705
0,000172216

0,081553771
0,027745259

q_least_squares

0,258028958
0,218681079
0,796154922
0,242534455
0,143956786
0,190570467
0,1992056

0,701413642
0,415795142

0,108574226
0,134444228
0,220118448
0,212317564
0,196734831
0,171226396
0,249467084

0,657453847
0,130975112

0,505458357

0,295909329
0,313666029
0,191186515
0,325419321
0,308504545
0,19559211

0,564302408
0,268890361
0,357079894
0,101534259
0,378928283

0,143228145
0,493948466

-0,081550714
0,079031031

13

M_least_squares

8,290141953
9,715793158
4,328220356
6,743017457
6,363761807
4,822288441
5,882978404

2,482158516
10,63995774

8,692930492
7,126558248
6,256975711
5,819656152
12,9913294

10,12056274
6,68328377

5,695918017
6,151692341

3,415337488

6,846127225
8,17763783
7,718164912
14,85637618
7,07459376
2,958054055

2,026822465
8,251619566
9,493388646
9,636317588
4,366261011

5,182123829
8,567049634

7,546582779
10,55400579

RSS_least_squar

es

6,839464783
4,172398488
7,24824067

2,988414281
1,860877556
1,361707151
1,981110843

4,346062073
3,269711201

2,551025587
3,679143062
2,167548183
2,212172322
2,502161694
3,413567335
2,423353368

1,135931396
2,957110632

4,587032836

6,676136021
4,339831703
2,4829326

3,330775819
1,342755314
0,332887379

2,629952317
1,368872512
0,907824051
6,076669723
1,996624758

2,306239722
1,869340405

2,754970236
4,1134898

Peak

2010
2010
2007
2009
2011
2009
2011

2014
2017

2012
2006
2010
2012
2011
2012

2014

2013
2008
2013
2005
2013
2009
2014
2012
2009

2011
2013
2013
2007
2014

2010
2016

Invalid

2009

(continued on next page)

Saturation

2028
2031
2017
2028
2041
2031
2033

2030
2038

2050
2031
2030
2036
2035
2038

2037

2030
2036
2029
2017
2033
2030
2035
2031
2031

2025
2035
2033
2040
2033

2039
2035

2100+
2053

M real

71,83034307
72,04329848
50,80627652
73,14608137
71,92382538
75,97629383
82,75608817

64,17366895
63,9387632

78,28964843
80,21066261
65,83510446
52,03480067
72,01702192
69,10183642

72,60912163

60,98163097
73,54155109

66,15572434

73,63245052
54,66390022
54,47353893
63,60050747
55,49963942
77,91081477

41,06416343
78,3844237
72,91483157
71,64208643
50,380415

74,53049393
58,33718584

76,47032718
77,23651898
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Czech Republic

0,028309905

0,134023988

8,898644217 1,210594425 2009 2037 81,68866343

Dominican
Republic

East and South
Asia

Eastern Europe
and Central Asia

Ecuador
Egypt, Arab Rep.
El Salvador
Estonia
Eswatini
Ethiopia

Fiji

Finland
France
Gabon
Gambia, The
Georgia
Germany
Ghana
Greece
Guatemala
Guinea

Guyana

High-income
Countries

Honduras
Hungary
Iceland
India

Indonesia

Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jordan

Kazakhstan

Korea, Rep.

Kyrgyz Republic
Lao PDR

Iran, Islamic Rep.

0,026640557
0,001953578

0,002787344

0,007120801
0,005365941
0,015770736
0,045967409
0,020892493
0,009159205
0,000683667
0,025120621
0,027100292
0,020623751
0,001729922
0,007082317
0,028028429
0,009006515
0,011073114
0,006937194
0,019310492
0,004827736

0,023945374

0,01400707

0,017929321
0,003692814
4,2179E-05

0,002511464
0,002248601
0,013603885
0,035695547
0,00071124

0,030973135
0,012830485
0,006654147
0,000336508
0,006779311

0,033795188

0,006298209
0,001294277

0,13317632
0,355468267

0,306279861

0,335059115
0,119689979
0,277298771
0,079189618
0,260903155
0,128767965
0,407913554
0,302638525
0,135653236
-0,020629905
0,360960487
0,253761609
0,152850795
0,242677204
0,020431309
0,259701022
0,200538871
0,190540507

0,179854444

0,276353637
0,042978248
0,378465331
0,597642093
0,313877416
0,348637825
0,192870149
0,291334612
0,426947879
0,209730591
0,246497744
0,014431169
0,401123057
0,359749159

0,14553384

0,279692057
0,409045878

11,04602367 5,99103156 2010 2038 72,48442353
9,175236112 1,230560144 2014 2034 66,32818044
6,240785556 0,498493212 2015 2037 71,57561214
9,7863047 2,097584423 2011 2028 72,29620914
12,83995117 2,917501683 2024 2073 76,5505121
9,139270999 2,531241568 2009 2027 69,91401764
11,5025532 13,31775605 2004 2038 82,09241216
7,021628817 3,914761816 2008 2026 54,61844658
18,93171668 2,858603908 2019 2059 66,13175631
5,752515536 3,355272835 2015 2035 72,6598385
4,31396779 2,87784164 2007 2021 86,34964748
7,977748285 1,876821601 2009 2037 82,40671838
22,54906048 6,149646843 Invalid 2100+ 78,12393898
9,705108961 3,541705278 2014 2034 59,5360257
8,403770275 1,338938967 2013 2036 74,0724438
7,617510438 1,757654438 2009 2034 83,05026065
9,18221511 6,12809496 2013 2035 64,03975594
31,45800161 2,805471061 2019 2087 100
6,565234772 3,359863934 2013 2035 61,29950559
5,42722793 1,961857377 2010 2032 51,73793899
7,254916078 2,359403769 2018 2050 65,63096126

4,743238992 0,191917651 2009 2032 77,7986967
6,053427301 4,614179107 2010 2028 63,1186844
11,80071117 2,040549168 2014 2097 85,32091456
3,579454892 2,73182897 2012 2029 78,62389728
7,219958031 2,447684836 2015 2034 58,8185613
10,85799104 2,584054357 2015 2037 70,10729522
7,787842054 1,586528672 2014 2034 68,63044107
5,035629268 5,122665624 2012 2037 62,60210924
4,99175561 2,314833301 2006 2019 80,32272347
4,024709434 1,422034742 2014 2034 73,42504381
6,858124369 2,531957838 2007 2026 78,46314818
3,363099099 1,134746387 2011 2031 68,95083663
24,23535133 0,62157373 2036 2121 100
2,237378148 2,892922044 2017 2039 69,55273718
5,480322215 2,915313815 2010 2027 71,38819153

5,134412558 1,210415456 2008 78,24305857

6,914155756 4,344503521 2013 2034 74,09527316
10,20915496 2,340507801 2014 2032 62,2188381

(continued on next page)
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Latin America
and the
Caribbean

Latvia
Lebanon

Lesotho

Lithuania

Lower-middle-
income Countries
Low-income
Countries

Luxembourg
Madagascar
Malawi
Malaysia
Maldives
Mali

Malta

Mauritania

Mexico

Middle East and
North Africa

Moldova

Mongolia

Morocco
Mozambique
Myanmar
Namibia
Nepal

Netherlands

Nicaragua
Niger
Nigeria

Norway

OECD members
Oman

Pakistan

Paraguay

Peru

Poland

Portugal

0,025715693

0,022941179
0,020859443
0,022869982

0,051816127

0,001193522

0,019192535

0,042937998
0,005176378
0,013512508
0,003173776
0,010329047
0,013456648
0,010088872
0,01730227

0,020273693
0,012503208

0,03150764
1,76025E-06

0,024948238
0,024632496
0,000227955
0,000687703
0,009835794
0,012504422

0,025337994
0,013041256
0,014107209

0,034273217

0,026624298

0,00077232
0,000964077

0,014950925
0,020492597

0,016428555
0,027017686

0,199023131

0,148735244
0,248701977
0,148480805

0,169562897

0,383086548

0,158896512

-0,042855676
0,01299285
0,231392768
0,333063874
0,231112769
0,222526275
0,185788379
0,213091747

0,128279635
0,187869806

0,116009385
0,928427435

0,182232267
0,108400471
0,533712566
0,537106327
0,26090807

0,263766336

0,201039212
0,212283906
0,092852783

0,117179774

0,169304266

0,461410247
0,409715308

0,216868045
0,174390393

0,196284374
0,135431962

15

5,665169674

8,91707319
3,500745064
9,089074146

7,251718395

8,084962656

8,41251011

11,29616678
56,84713172
5,380800299
6,616241478
9,082462549
8,885575393
10,09842788
11,55058845

10,28137186
7,342163304

7,895799779
3,553289816

11,07379717
11,46572494
9,710442038
7,394644237
14,48525193
3,312304639

9,417471222
8,404888836
9,89279555

4,258340089

5,794414908

8,034029655
5,849783304

6,911210299
10,04203446

9,057866746
10,15591215

1,148184333

3,3234034
5,872435858
4,194351784

4,141259464

1,256982632

0,448918409

3,05477392

3,327110644
1,917856461
2,186271306
2,499735798
2,83738678

2,661327678
6,897938732

2,964836196
0,415424162

1,408866415
5,732263796

2,59782481
5,024890596
6,12321136
3,327595459
4,364186091
0,74103119

4,70654501
6,232253017
4,445837917

2,124348616

0,285499065

4,464005782
1,440741103

3,933323408
2,676450409

4,082989024
3,042183284

2009

2010
2009
2010

2005

2015

2011

Invalid
2050
2011
2013
2012
2011
2014
2010

2012
2013

2008
2014

2009
2011
2014
2012
2012
2011

2009

2012

2017

2008

2009

2013
2014

2011
2009

(continued on next page)

2029

2038
2027
2038

2023

2034

2039

2100+
2198
2032
2033
2035
2033
2042
2032

2044

2039

2039
2029

2031
2046
2032
2027
2032
2030

2029
2035
2065

2035
2038

69,91854089

81,41613846
65,22553162
56,38675678

75,22287169

61,25056364

52,01850073

81,2561582
100
53,66290751
70,63737047
72,01800176
54,84025305
78,91690916
56,49178803

72,53625183
67,80833354

74,97293006
63,41775853

69,71824913
56,23934077
64,77468511
62,70189153
67,00570976
80,03215422

67,72718511
53,07943984
58,64098397

82,84939233

77,70325531

69,10774667
59,47253681

67,71181228
73,19483404

81,59287284
80,69851586
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Qatar 0,021785237
:‘:;;_‘gé’\c’g;'d 0,002533407
Romania 0,017333582
E:csijraarjcion ORI EY
Rwanda 0,014915907
f:l‘; Zi‘;':e and 4026773915
Saudi Arabia 0,000249409
Senegal 0,018680479
Serbia 0,001214559
Sierra Leone 0,001603258
Singapore 0,049335148
Slovak Republic 0,026724764
Slovenia 0,030910034
Small Island

Developing 0,002276363
States

Somalia 0,000120842
South Africa 0,004682688

Spain 0,021570211
Sri Lanka 0,000830774
Sub-Saharan 0,013400636
Africa

Sudan 0,018975447

Sweden 0,008354024

Switzerland 0,009389513

Tajikistan 0,018903763
Tanzania 0,002965083
Thailand 0,010739892
Togo 6,73418E-05
Ig;;dgid and 0,022693327
Tunisia 0,026921686
Turkey 0,007994389

Uganda 0,009582692
Ukraine 0,003046742
United Arab

0,001925456

Emirates

Upper-middle-

X . 0,005345913
income Countries

0,006602334
0,007193206

Uruguay

Uzbekistan

Vietnam

0,0109058

0,201462558
0,338582453
0,298929412
0,383281155
0,211248545
0,344450117

0,43729572

0,156634357
0,360666694
0,391928693
0,143962735
0,143235875
0,18062074

0,365230156

0,539501017
0,269702176

0,045532779
0,422471004

0,192873493

0,165172253

0,638857843
0,308378575

0,139683393
0,340441485
0,213704749
0,548500189

0,239960878

0,126800131
0,4396096

0,191462754
0,101681645

0,352291358

0,292849993

0,268444452
0,117279263

0,224755678

16

9,99079157

7,578022881
8,567609357
7,163875698
12,86794624
7,629540594

7,666015922
10,83251007
6,748515099
8,414624172
2,910013114
8,304656056
7,580134935

4,778447869

2,975673465
7,144118681

12,88592042
5,776398191

8,459877278

5,994373775

1,664426105
3,947365756

9,716994341
8,034076966
5,851714048
6,47129348

4,498717219

8,092916953
4,579407666

9,360769607
30,43001078

10,46029189

8,170387212

8,098798815
19,65946753

9,154400285

4,898345423
0,796433529
4,977871144
2,398640719
5,426926677
10,46017846

2,937265501
4,420843671
3,315400853
2,847766126
3,8759477
1,94321724
3,646792163

0,563796815

1,857018804
3,336864257

2,302965959
2,055091087

0,66439278

3,436867877

1,128147922
0,924592956

3,612013855
1,839462235
1,663011242
3,03112011

2,436315475

1,107594245
3,472174025

2,19005924
3,379479031

4,585360339

0,716371048

3,239161673
1,428718327

3,155046513

2009
2014
2009
2015
2011
2006

2017
2012
2015
2013
2005
2009
2008

2013

2015
2014

2011
2014

2012

2011

2006
2010

2012
2013
2013
2016

2008

2010
2008

2014
2033

2014

2013

2013
2022

2012

(continued on next page)

2031

2034

2024

2036

2034

2019

2038
2040
2036
2032
2026
2036
2029

2032

2034
2037

2084
2033

2038

2038

2015
2028

2043
2033
2037
2035

2026

2039
2021

2042
2049

2034

2033

2034
2068

2035

67,35797938
63,98530747
77,45432724
73,98104937
60,48697731
59,76791289

66,80100989
60,55013899
75,97324987
53,36514945
71,88493464
79,52568578
80,39648213

65,08844105

45,0034891
64,65382512

86,0237215
69,57057858

54,82136341

50,51364534

85,16765558
80,57276322

71,06388457
56,87593887
74,90938004
54,39811715

65,55660259

71,93300911
69,50372204

56,74791645
100

68,82908479

71,94886903

77,8602026
80,49907961

73,4607
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World 0,003445866 0,313707941 7,11825795 0,630684824 2014 2034 66,47987042
Yemen, Rep. 0,02245508 0,671028772 2,611804882 2,975153874 2004 2012 52,11193579
Zambia 0,005074963 0,358429225 6,066391043 4,441458524 2011 2028 54,55764195
Zimbabwe 7,13553E-05 0,814190253 4,299354586 3,889007059 2011 2024 57,24531798
Legend:
Good fit

Bad fit, no S-shape or too fluctuating
Under-estimated by Bass curve
Smoothed data (moving average)
Smoothed data (exponential)

M parameter forced to 100
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