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1.1 Introduction
I propose to examine whether ecological innovation is associated with lower carbon emissions in advanced economies, and whether this relationship is stronger where human capital is higher. A related, exploratory analysis will ask whether ecological innovation is followed by improvements in education-based human capital. I will use annual country-level panel data, initially considering 2000–2023, with the final sample and period determined by data coverage.
1.2 Background
Environmental inventions may help reduce emissions, but their use also depends on the knowledge available to develop and apply them. The idea that prior knowledge supports the use of new knowledge is central to absorptive-capacity theory (Cohen and Levinthal, 1990). In this study, I ask whether national educational capacity is associated with greater environmental benefits from innovation. A second possibility is that innovation increases demand for education. This is a hypothesis to investigate, rather than an established consequence of environmental patenting.
1.3 Problem Statement
The research problem is how to distinguish the role of education in supporting environmental innovation from changes in education that may follow it. Previous work already considers environmental and human development outcomes (An et al., 2023), while Alfalih and Bel Hadj (2024) examine how human capital conditions the environmental association of green innovation. Studying these variables together therefore does not, on its own, establish an original contribution.
I propose to examine the two roles of education-based human capital separately within a common country panel: first as a moderator of the innovation–emissions relationship, and then as a possible subsequent outcome. This would allow me to assess whether lower emissions and educational improvement accompany innovation over the same broad period. The unresolved question is whether this design adds evidence beyond the closest studies. I will establish that through a focused literature comparison before treating the proposed contribution as a confirmed research gap.
1.4 Research Questions
1. Is greater ecological innovation associated with lower subsequent CO₂ emissions per person?
2. Does the association between ecological innovation and emissions vary with the level of human capital?
3. Is ecological innovation followed by growth in education-based human capital over a three-year horizon?
1.5 Objectives of Research
1. To estimate the relationship between ecological innovation and subsequent CO₂ emissions per person.
2. To test whether human capital conditions the innovation–emissions relationship.
3. To explore whether ecological innovation is followed by growth in education-based human capital, and assess the stability of the findings.


1.6 Methodology
1.6.1 Research design and data
The study will use secondary annual country-level panel data. I will estimate the models in Stata, beginning with country and year fixed effects. The data audit will determine whether the proposed measures and time horizon are suitable for each research question.
The starting population will be OECD members classified as advanced economies in a documented edition of the IMF World Economic Outlook. I will freeze this list before estimation and report all exclusions. Australia, Canada, France, Germany, Japan, the Netherlands, Sweden, the United Kingdom and the United States are examples of candidate countries, rather than a final sample.
I will initially seek observations for 2000–2023 and build a country–year coverage matrix. The final panel will retain usable observations without filling missing outcomes by interpolation. PWT 11.0 extends to 2023, but coverage must be checked for each variable and country. Recent patent years may be incomplete. The environmental equations lose the first year when one-year lags are used unless earlier observations are available; the three-year outcome equation requires data through t + 3.
Table 1  Variables and proposed data sources
	Variable
	Proposed measure
	Source and identifier

	Carbon emissions C
	CO₂ emissions per capita, excluding land use, land-use change and forestry; use natural log.
	World Bank WDI
EN.GHG.CO2.PC.CE.AR5

	Ecological innovation G
	Environment-related patent families per million people; proposed family size ≥ 2 jurisdictions; G = ln(1 + P).
	OECD Data Explorer
Patents – technology development
DSD_PAT_DEV@DF_PAT_DEV

	Human capital H
	Schooling-based human capital index; H = ln(hc). Moderator and input to subsequent log growth.
	Penn World Table 11.0
Variable hc

	Income Y
	GDP per capita in constant 2015 US dollars; use natural log.
	World Bank WDI
NY.GDP.PCAP.KD

	Industrial structure I
	Industry including construction, value added as a percentage of GDP; retain percentage-point units.
	World Bank WDI
NV.IND.TOTL.ZS

	Renewable energy R
	Share of total final energy consumption; additional specification, subject to coverage.
	World Bank WDI
EG.FEC.RNEW.ZS

	Population
	Total population, used to scale patent counts.
	World Bank WDI
SP.POP.TOTL


The proposed patent measure is the fractional count of environment-related patent families seeking protection in at least two jurisdictions, allocated by inventor residence and priority year (Haščič and Migotto, 2015; OECD, 2026). I will confirm these filters in the downloaded metadata and use matching filters for any total-patent denominator. Missing values will remain distinct from true zeros. The PWT hc index reflects schooling and assumed educational returns, rather than green skills or training directly (Feenstra et al., 2015; PWT documentation).
The links after the references identify the data providers. Coverage, units and release dates will be recorded from the downloads before the estimation sample is fixed.


1.6.2 Econometric specification
Country fixed effects absorb time-invariant differences between countries. Year effects account for common annual shifts, although countries may respond differently to the same shock. The baseline models estimate pooled within-country associations; they do not assume that these associations are causal.
Environmental equation
Cᵢₜ = αᵢ + λₜ + β₁Gᵢ,ₜ₋₁ + β₂Hᵢ,ₜ₋₁ + γ′Xᵢ,ₜ₋₁ + εᵢₜ     (1)
C is log CO₂ emissions per person; G = ln(1 + P), where P is environmental patents per million people; and H = ln(hc). X contains log real GDP per person and the industry share. Country and year are indexed by i and t. The one-year lag allows an initial interval between invention and the measured outcome. A negative β₁ would indicate an emissions-reducing association in this baseline specification.
Human capital as an enabling factor
Cᵢₜ = αᵢ + λₜ + β₁Gᵢ,ₜ₋₁ + β₂Hᵢ,ₜ₋₁
          + β₃(Gᵢ,ₜ₋₁ × Hᵢ,ₜ₋₁) + γ′Xᵢ,ₜ₋₁ + εᵢₜ     (2)
In equation (2), the association with G is β₁ + β₃H. I will calculate it at the 25th, 50th and 75th percentiles of observed H and report confidence intervals, checking that the data support comparisons at these levels. A negative β₃ means that the association becomes more negative as H increases. Because G = ln(1 + P), this expression is not an elasticity with respect to P; I will also report predicted changes for specified changes in patent intensity.
An additional specification will include renewable energy. It may affect emissions directly and may also respond to innovation. Comparisons will use the same observations so that a change in the coefficient is not merely a change in the sample. This exercise will not establish a causal transmission channel.
Human capital as a potential outcome
Hᵢ,ₜ₊₃ − Hᵢₜ = μᵢ + τₜ + θGᵢₜ + δ′Zᵢₜ + uᵢₜ     (3)
Equation (3) relates innovation in year t to the three-year change in log hc. Z contains log real GDP per person and the industry share. With data ending in 2023, the latest starting year is 2020. The three-year horizon is a provisional design choice, not an established educational response time. I will compare it with five-year changes and check how much variation reflects the construction of the schooling series. A positive θ would indicate subsequent growth in this index, not evidence of new green skills.
Education may influence patenting, and changes in environmental or education policy may affect both innovation and the outcomes. Fixed effects and lags cannot rule out these explanations. The main findings will be reported as conditional associations. Any causal analysis would require a separate identification strategy, developed with my supervisors.


1.6.3 Estimation procedure and robustness
The analysis will proceed from a literature comparison and data audit to estimation and a small set of sensitivity checks.
Data preparation. I will export OECD patent data with its filters, download PWT 11.0, and obtain the WDI indicators by code. I will merge them by country code and year and retain a Stata do-file recording the cleaning decisions. Checks will cover duplicate observations, units, missing values, series breaks and the sample available after lags. For each comparison, I will report the countries, years and number of observations used.
Diagnostics. I will inspect trends and within-country variation before estimating the models, then check residual serial correlation and cross-country dependence. Unit-root tests will be interpreted alongside the plots and the short time span. Trending levels will require a defensible modelling justification. If a change specification is needed, the interaction must also be reformulated consistently: the change in G × H is not the product of their separate changes.
Estimation and inference. I will estimate the emissions model, add the interaction, and assess the feasibility of the human-capital equation. Country-clustered standard errors allow within-country serial correlation, including that caused by overlapping outcomes, but do not address cross-country dependence. I will assess small-cluster inference and use Driscoll–Kraay estimates as a sensitivity check where appropriate, recognising their reliance on a sufficiently long time dimension (Driscoll and Kraay, 1998). Evidence of omitted common factors would require revisiting the model, rather than only adjusting its standard errors.
Robustness checks. I will compare one- and three-year patent lags, environmental patents per million with their share of all patents, and common-sample results. Subject to coverage, I will examine climate-mitigation patents separately because the broader environmental category also includes inventions not directed at CO₂. Other checks will exclude 2020–2021 and influential countries. For equation (3), I will examine three- and five-year changes and sensitivity to initial hc, while assessing the dynamic-panel bias introduced by conditioning on an initial outcome in a fixed-effects model.
1.7 Significance of Study
The study could clarify whether the environmental association of innovation varies with educational capacity and whether educational improvement subsequently accompanies it. The findings would inform discussion of the relationship between innovation and education policies. They would not, without stronger identification, establish the effects of a particular policy. A weak estimate for the education outcome would need to be interpreted in light of the limited movement of the hc index.
1.8 Scope of the Study
The study covers national-level relationships in advanced OECD economies, provisionally over 2000–2023. CO₂ emissions represent one environmental outcome, while hc represents the schooling-based component of human capital. The environmental analysis is the core study. The education-outcome analysis is an extension, to be retained if the available variation supports it and the literature comparison identifies a useful contribution.


1.9 Literature Review
Theoretical foundations
Cohen and Levinthal (1990) explain how prior knowledge helps firms recognise and use new information. This motivates the proposed role of educational capacity, but applying a firm-level argument to national data requires caution. The interaction equation tests a country-level association, not firms’ learning mechanisms. The reverse relationship, from environmental invention to subsequent educational attainment, is an exploratory hypothesis that needs separate evidence.
Empirical evidence and research positioning
An et al. (2023) examine green technologies, environmental conditions and human development in eight advanced economies over 1990–2018. Alfalih and Bel Hadj (2024) investigate human-capital thresholds in the relationship between green innovation and ecological footprint in G20 countries. Degirmenci et al. (2025) examine 25 OECD economies over 1990–2019 using a sustainable-development index, with green innovation and human capital among the explanatory variables. Their measures and designs overlap substantially with this proposal.
The literature comparison will therefore focus on what is measured and what is estimated: carbon emissions or broader environmental outcomes; schooling-based human capital or a composite development measure; and human capital as an explanatory variable or a later outcome. I will compare the full specifications before claiming that separating these roles fills a gap. Changing the sample or updating the period would be an extension, but would not establish originality by itself.
1.10 Limitations of the Study
Patents do not measure adoption and vary in value. National CO₂ emissions may fall because production moves abroad, not only because technology improves. Schooling-based hc changes slowly and can incorporate interpolated inputs; it does not directly measure skills gained in green industries. Reporting lags and missing data may shorten the panel. Reverse causality, policy changes and unequal responses to shared shocks remain limitations of the baseline design. These constraints limit both causal interpretation and the scope of the conclusions.
1.11 Operational Definitions
Ecological innovation: environment-related inventive activity, proxied by OECD environmental patents per million people and transformed as ln(1 + patents per million).
Environmental outcome: log CO₂ emissions per person, excluding land use, land-use change and forestry. Lower values indicate improvement on this measure, not necessarily on all dimensions of sustainability.
Human capital: the PWT schooling-based hc index. H denotes its log; H at t + 3 minus H at t denotes cumulative three-year log growth, rather than annual growth.
Advanced economies: OECD members also classified as advanced in a documented IMF World Economic Outlook edition.
Moderating role: variation in the association between ecological innovation and emissions with the level of human capital, tested using an interaction term.
1.12 Organization of Thesis
The working structure comprises an introduction; a literature review and conceptual framework; data and methodology; an empirical chapter on emissions and human-capital moderation; an exploratory chapter on subsequent human-capital change, subject to feasibility; and conclusions. This is an outline for the present research project. The wider PhD thesis structure, including any additional papers, will be agreed with my supervisors.
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