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Abstract

Green fiscal policy is at the core of the net zero commitments of countries around the world.
However, the exact macroeconomic, financial and environmental implications of the use of green
fiscal policy tools within country-specific contexts are not sufficiently understood. This paper
develops an empirical ecological stock-flow consistent (E-SFC) model for the UK economy that
can analyse how the UK macrofinancial system and emissions can be affected by the imple-
mentation of green fiscal policy tools, such as carbon taxes, green subsidies and green public
investment. The model synthesises the empirical SFC approach with ecological macroeconomic
approaches and is designed to accurately reflect the accounting structure of the UK economy.
Our scenario analysis sheds light on the direct and indirect channels by which the use of differ-
ent fiscal policy tools can affect industrial and housing emissions, as well as the macrofinancial
performance of the UK economy. The simulation results suggest that several trade-offs arise
when green fiscal policies are implemented in isolation. However, these trade-offs are minimised
when several green fiscal policies are introduced simultaneously.
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1 Introduction

Governments’ decarbonisation commitments around the world have increased in recent years. How-
ever, the gap between these commitments and the policies that need to be put in place to limit global
warming to 1.5°C or 2°C above pre-industrial levels is still very large (IPCC 2023). On top of this,
there is limited understanding of the country-specific macrofinancial implications of ambitious decar-
bonisation policies. This limited understanding acts as a barrier to the design of effective climate
policy mixes at the national level.

Green fiscal policy is at the core of these decarbonisation commitments (Pigato 2019; GOV.UK
2021). Although economists have traditionally considered carbon pricing as the main fiscal policy that
should be used to address the climate crisis, recent years have also seen growing attention to other
green fiscal tools. For example, proposals for a new global ‘Green New deal’ have emphasised the
crucial role of green public investment (Chomsky and Pollin 2020), which also forms the core of the
Great British Energy scheme of the UK government (GOV.UK 2024). At the same time, the Inflation
Reduction Act (IRA) in the US has drawn a lot of attention on the role of green subsidies (Kleimann et
al. 2023). From a modelling perspective, the academic literature on green fiscal policy can be classified
into three strands. First, there is a vast literature that has explored the implications of green fiscal
policy within theoretical or global models. This literature includes Integrated Assessment Models
(IAMs) that have largely drawn on Nordhaus’ Dynamic Integrated Climate Economy (DICE) model
in which carbon pricing is analysed within a framework that combines a growth analysis a la Ramsey
with a climate module that captures how carbon pricing interacts with emissions and climate damage
(Nordhaus 2018; Barrage and Nordhaus 2023). It also includes environmental Dynamic Stochastic
General Equilibrium (E-DSGE) models that have analysed the implications of carbon pricing from a
business cycle perspective (Golosov et al. 2014; Diluiso et al. 2021), as well as ecological stock-flow
consistent (E-SFC) models that have analysed a wide range of green fiscal policies, paying attention
both to transition and long-run effects from a macrofinancial perspective (Monasterolo and Raberto
2018; Dafermos and Nikolaidi 2019; Dafermos and Nikolaidi 2022).

Second, there are country-specific papers that rely on econometric models or input-output methods.
For example, Batini et al. (2022) and Onaran and Oyvat (2023) have estimated country-specific
output and employment effects of green public spending, while Pollin and Chakraborty (2015) and
Pollin, Wicks-Lim, et al. (2022) have used input-output techniques to estimate the environmental and
employment effects of green spending.

Third, there are some country-specific macromodels that have been used to analyse the implications
of green fiscal policies. These include environmental computable general equilibrium (CGE) models
that have been used to analyse carbon taxes (Meng et al. 2013), green subsidies (Kalkuhl et al. 2013)
and feed-in tariffs (Wei et al. 2019), but also New Keynesian models, such as the National Institute of
Economic and Social Research (NiESR) model that has been recently used to explore climate policy
scenarios (Hantzsche et al. 2018; NGFS 2023).

Despite this vast literature, significant gaps remain. TAMs, CGE models, and DSGE models suffer
from several key limitations when analysing climate policies. These models typically assume that
agents make decisions under rational expectations, assume full employment in the economy, leading to
interventionist policy being viewed purely as a cost, and have little to no role for finance or the financial
system, ignoring the role of endogenous money. Econometric models and input-output models provide
valuable insights, but cannot provide a holistic scenario-based analysis of the direct and indirect effects
of green fiscal policies. E-SFC models address the limitations of equilibrium frameworks, but their use
for country-specific evaluations of climate policies has been very limited.

The purpose of this paper is to address this gap by developing the first integrated country-specific
E-SFC model that can be used to explore the environmental, macroeconomic, and financial effects of
green fiscal policies in the UK within a holistic framework that is not constrained by the straitjacket of
equilibrium analysis and pays particular attention to macrofinancial feedback loops. The UK economy
has been selected for two reasons: first, the national accounting data for the UK is rich, permitting
the development of detailed balance sheet and transaction matrices; second, the UK government has
clear decarbonisation commitments, making it easier to develop a rich climate policy scenario analysis.
However, the purpose of the paper goes beyond the UK: the methodology that we develop to build



the E-SFC model can be applied to other countries as well.

The rest of the paper is structured as follows: Section 2 provides a brief overview of macroeconomic
and environmental modelling approaches for the UK and justifies the use of the empirical E-SFC ap-
proach. Section 3 describes the overall structure and key features of the model, while Section 4 focuses
in on the channels through which fiscal policies affect macroeconomic, financial, and environmental
variables in the model. Section 7?7 shows the effects of several fiscal policy scenarios on key economic
and environmental variables, with Section 6 summarising and concluding.

2 Macroeconomic and environmental modelling for the UK: the
need for an E-SFC approach

2.1 Key UK macroeconomic models

While there are many macroeconomic models in the UK, all with different focusses and theoretical
foundations, there are two that stand out, as both being used by key UK institutions for policy analysis
and forecasting. These are the “Central Organising Model for Projection Analysis and Scenario
Simulation” (COMPASS) model used by the Bank of England (BoE) and the “Office for Budget
Responsibility (OBR) Macroeconomic Model” used by the OBR. Both models are data-driven and
UK-specific.

The COMPASS model (Burgess, Fernandez-Corugedo, et al. 2013) is a New Keynesian DSGE
model and is similar to the models used by other central banks. It is built on micro-foundations of
representative utility maximising agents who make decisions under rational expectations. Exogenous
stochastic stocks are included, which result in model fluctuations around a calibrated equilibrium
position. The economic variables considered in the base model are limited to high-level economic
variables, with the model generally being used to inform the BoE’s monetary policy.

The OBR macroeconomic model (OBR 2013) is a large-scale macro-econometric model. Although
it relies on the DSGE tradition, it drops some of the restrictive assumptions of DSGE models. For
example, the representative utility optimising agent is replaced by econometric estimations of the be-
haviour of aggregated groups/sectors. The model employs a simplified representation of the economic
activity recorded by the Office for National Statistics (ONS) with accounting identities forming the
basis of the model, and econometrically estimated behavioural equations included, where required.
There is also no reliance on general equilibrium in the OBR model with the model evolving according
to the econometric equations. The OBR model has been specifically designed with government bud-
gets in mind; as such, it has a highly disaggregated government sector and therefore includes a very
large range of inputs to this sector.

Although these models differ in their focus, there are some key limitations. In particular, both
models have a very limited treatment of the role of finance. Neither include an explicit financial
sector with finance playing only an implicit role of intermediating funds between different sectors.
This fundamentally ignores the role of banks in endogenously creating money (Lavoie 2014), with the
problems that this creates for modelling being highlighted by Jakab and Kumhof (2018). Furthermore,
the models do not consider financial balances extensively and focus primarily on monetary flows. This
risks ignoring the structural and behavioural implications of phenomena, such as growing household
indebtedness. Where financial balances are included, this is not done in a stock-flow consistent way,
i.e. the stocks are not directly linked to flows, so their evolution in the model is not determined
endogenously limiting the scope to analyse them. The fallout of the financial crisis made it clear that
models should adopt a more integrated view of finance. This becomes even more important, with
the role of finance and financial instability becoming increasingly clear for analysing ecological effects
and policies. Therefore, this limited approach to finance represents a key weakness of these modelling
approaches.

2.2 Macroeconomic modelling of UK climate policies

Several models have been used to analyse the effects of climate mitigation policies in the UK. One
prominent model is the National Institute Global Econometric Model (NiGEM). This model was



developed by the National Institute of Economic and Social Research (NiESR) and acts as a multi-
country econometric model with different calibration for each country considered. The model is
currently used in NiESR policy analysis, including specifically for the UK (e.g. King et al. (2022)).
Additionally, NIGEM is the model currently used by the Network for Greening the Financial System
(NGFS) as the economic side of their climate scenario analysis (NGFS 2023).

The NiGEM model is a New Keynesian model that incorporates energy use on the supply side. It
relies on agents with rational expectations and general equilibrium to function and does not include
any role for the financial system. As such, there is little role for financial assets and the interaction
between stocks and flows. Furthermore, the UK-specific module is simply a general model calibrated
with UK data as opposed to a model derived specifically around the structure of the UK economy.
As such, the model may ignore important phenomena to the UK, although this is already evident
through its lack of finance, which is known to play a key role in the functioning of the UK economy.
Due to its theoretical limitations, the NIGEM model cannot incorporate key macro-financial effects
which could be critical for analysing climate policy.

The next UK model is the Multisectoral Dynamic Model - Energy-Environment-Economy (MDM-
E3) model developed by Cambridge Econometrics that has also developed the global Energy-Environment-
Economy Macro-Econometric Model (E3ME) model (Dwesar et al. 2022). These models reject general
equilibrium and incorporate some post-Keynesian principles, such as allowing demand to affect eco-
nomic activity both in the short-run and in the long-run (Lavoie 2014). A key strength of these models
is the high degree of dissagregation in terms of both sectors and geographic regions. The disaggrega-
tion of the model makes it suitable for analysing the sectoral effects of policies. However, finance still
has little or no role to play, and the models do not pay attention to stock-flow consistency. This means
that these models cannot be used to properly analyse the financial effects of policies and the impacts
of green financial policy. Therefore, while the theoretical foundations of MDM-E3 are stronger than
NiGEM, it is still limited by its treatment of finance.

Overall, although empirical macro-climate models exist in the UK, there are common gaps within
these models, which suggest there would be a benefit to developing a UK focused empirical SFC
model to assess climate policies. Since none of these models has a detailed view of finance, they
are unable to assess the effects of climate policies on the financial system along with the role of
climate financial policy. Empirical SFC models implicitly include finance and therefore represent
a promising methodology for the construction of our desired model. Additionally, the inclusion of
post-Keynesian characteristics in MDM-E3 suggests that there is a recognition of the importance of
these post-Keynesian fundamentals when assessing climate policy, which lends support to adopting a
post-Keynesian SFC modelling approach.

2.3 Towards an empirical E-SFC model for the UK

Stock-flow consistent modelling is an alternative macroeconomic modelling approach originating from
post-Keynesian economics and first popularised by Godley and Lavoie (2012b). The models take a
holistic approach to modelling, not relying on microfoundations, representative agents, or rational
expectations, leading to more realistic behavioural equations. In particular, SFC models are well
placed to analyse the role of finance in the economy, a key shortcoming of all models discussed
so far, as financial balances are explicitly included in the model to ensure stock-flow consistency.
Furthermore the structure of SFC models closely resembles the system of national accounts which
makes them particularly useful for empirical modelling. Recently, SFC models have been extended
to include ecological factors and used to analyse climate policies (Dafermos, Nikolaidi, and Galanis
2018; Monasterolo and Raberto 2018). Most SFC models are not country-specific and instead take a
theoretical approach to general macroeconomic analysis (see Lavoie (2011), Godley and Lavoie (2012a),
and Godley and Lavoie (2012b)). This limits the models abilities to consider the varied effects that
different policies will have within different countries and any unique characteristics of certain countries,
which should be modelled explicitly. There has, however, been work from the BoE to develop an SFC
model for the UK economy.

Following the financial crisis Burgess, Burrows, et al. (2016), recognising the limitations of the
DSGE approach to financial balances, developed an empirical SFC model for the UK (Burgess, Bur-



rows, et al. 2016). This model is a relatively complex SFC model whose core structure is based heavily
on Godley and Lavoie (2012a). Elements of the model are tailored to the UK, in particular, financial
sectors are split between Banks and insurance companies and pension funds (ICPFs). Although not
stated explicitly, it can be assumed that this separation is due to the important role the ICPF sector
plays in the UK economy and that this role is sufficiently different from that of the traditional banking
sector such that it warrants separate modelling. However, while the UK context is taken into account,
the model structure is still theory-based rather than data-driven. This is to say that, while the data
are used to calibrate the model, they are not explicitly used when deciding on how the model should
be structured.

Most empirical SFC models are, like that of Burgess, Burrows, et al. (2016), theoretical SFC models
with behavioural parameters calibrated to the available data. G. Zezza and F. Zezza (2019) propose an
alternative approach in which real-world data flows, provided within the system of national accounts,
are used as the foundation of the structure of the model. As most sectors hold almost all types of
assets, this approach involves choices about what is considered significant enough to be modelled and
what is not, usually based on the size of asset holdings or financial flows. The key advantage of this
approach is that the model structure should, theoretically, be a good reflection of the economy it seeks
to model, and there is little risk of ignoring highly relevant economic processes. The development
of such a model for the UK would contribute to a growing literature on empirical SFC models with
models being developed for Italy (F. Zezza and G. Zezza 2022), Denmark (Byrialsen and Raza 2020),
and the Netherlands (Meijers and Muysken 2022) to name a few.

However, developing an empirical SFC model for the UK would not be sufficient to analyse green
fiscal policies. It is also necessary to extend the standard SFC approach to explicitly account for
ecosystem variables. To do so, we rely on the Dynamic Ecosystem-FINance-Economy (DEFINE)
model developed by Dafermos, Nikolaidi, and Galanis (2017), Dafermos and Nikolaidi (2019) and
Dafermos and Nikolaidi (2021). Drawing on the flow-of-funds model of Georgescu-Roegen (1971),
the DEFINE model incorporates physical stocks and flows into the standard SFC model structure.
This allows the model to analyse how ecological variables, such as material use, energy, emissions, and
waste, interact with macroeconomic and financial variables. The model also formulates the connection
between credit provision, green investment, and ecological efficiency indicators in a way that permits
the analysis of environment-related macrofinancial feedback loops.

Hence, the general purpose of this paper is to synthesise the empirical SFC approach of G. Zezza
and F. Zezza (2019) with the ecological macroeconomic modelling approach of DEFINE to develop a
model of the UK economy, using ONS national accounting data. It will be shown that this approach
leads to unique considerations for the UK economy and that the derived model, by taking this empirical
approach, will differ in structure and scope when compared to current UK SFC models. Furthermore,
this approach explicitly integrates ecological variables into the empirical SFC approach to derive a
DEFINE-UK model that can be used to assess the impacts of fiscal policies for a low-carbon transition.

3 Model Structure

3.1 Derivation of accounting structure

Drawing on the approach of G. Zezza and F. Zezza (2019), the model’s accounting structure is derived
directly from UK national accounting data. The main source of this data is the ONS blue book (ONS
2022). As highlighted in G. Zezza and F. Zezza (2019), there are significant similarities between SFC
models and the system of national account which make SFC models uniquely appropriate for applying
national accounting data to model derivation. In fitting the model to national accounting data we
have adopted the definition of “data consistency” described in George et al. (n.d.): “a model is data
consistent if it has an accounting structure that allows a direct connection, across time, between the
model’s stocks and flows and the national accounting elements on which these stocks and flows are
based”.

In order to achieve a data consistent model without needing to explicitly model all stocks and
flows in the UK national accounts we choose to introduce residual terms, as described in George et al.
(n.d.) and F. Zezza and G. Zezza (2022). This means that we will introduce a residual transaction



Table 1: Transactions matrix after the use of net lending/borrowing data from the financial account
(Step 8), UK data in percent (%) of GDP, 2000-2022 average

Production Households Government NFCs FCs RoW Total
Consumption +52.0% -52.0% 0
Government Wages +9.7% -9.7% 0
Other Government Consumption +8.2% -8.2% 0
Gross capital formation +17.6% -4.3% -2.6% -10.7% 0
Exports +28.2% -28.2% 0
Imports -29.7% +29.7% 0
Taxes-subsidies -11.2% +11.2% 0
Private Wages -39.6% +39.6 0
Government Wages -9.7% +9.7% 0
GOS & mixed income -25.5% +5.9% +19.6% 0
Interest paid by FCs +1.4% +0.5% +0.9% -10.3% +7.5% 0
Interest paid to FCs -4.6% -2.8% -28%  +15.9%  -5.7% 0
Dividends paid by FCs +4.7% +3.0% -11.7% +4.0% 0
Dividends paid to FCs -7.5% +11.8% -4.3% 0
Income Taxes -11.5% +13.8% -2.3% 0
Social Contributions -15.6% +7.6% +8.0% 0
Social Benefits +16.4% -13.0% -3.4% 0
~ Other Income - +63% -6.3% 0
Pension Adjustment +4.6% -4.6% 0
Total: net lending (1) 0 +0.6% -3.2% +0.2% -0.6% +3.0% 0
Residual transaction (2) 0 +1.8% -1.5% -0.5% -0.1% +0.3% 0
Actual net lending: (1)4(2) 0 +2.4% -4.7% -0.3% -0.7% +3.3% 0

Notes: Pink colour illustrates flows that have been modified compared to the previous matrix. NFCs: Non-Financial
Corporations; FC: Financial Corporations; RoW: Rest of the World; GOS: Gross Operating Surplus

that captures the net position of flows that are not explicitly included in the model.?2 In the case
of stocks, we add a residual financial instrument that reflects the net asset position of stocks not
explicitly included in the model. By defining these residuals precisely as the net position of all the
national accounting items that we choose not to explicitly model, it is possible to still maintain data
consistency when adopting this approach.?

These principles are applied in the derivation of a country-specific SFC model for the UK. This is
done by following the same step-by-step process as described in George et al. (n.d.). Following this
approach we derive three accounting matrices: the transactions flow matrix (Table 1), balance sheet
matrix (Table 2), and the stock-flow matrix (Table 3 which links the two other matrices together. In
these tables we present the actual average data values for the UK, in percentage of GDP averaged
over the 2000-2022 period. This shows the different size of various stocks and flows for the UK model.

3.2 Model Estimation

The model presented is an empirical data driven model that has been built directly from national
accounting data. The national accounting data will also form the basis for calibrating the model, it
will inform the initial conditions of most variables, and will be used to estimate certain parameter

values.
The UK model features three high-level equation categories:

e Identities: Equations that are directly derived from the transactions and balance sheet matrices
such that stock-flow consistent principles are adhered to.

e Behavioural equations: These equations determine how certain variables depend on other
variables in the model based on behavioural parameters.

2These are the so-called non-financial flows that impact each sector’s net lending position

3While residuals as defined as the net position of all the national accounting items not explicitly modelled, for practical
purposes they can be calculated as the difference between each sectors model determined net-lending/net-worth position
and the actual net-lending/net-worth position given by national accounting data.



Table 2: Balance sheet matrix after adjusting government financial liabilities (Step 5), UK data in
percent (%) of GDP, 2000-2022 average

Households  Government NFC FC RoW Total
Housing Capital +76.0% +76.0%
NFC Capital +91.0% 4+91.0%
Government Capital +28.3% +28.3%
Total: real assets +76.0% +28.3% +91.0% +195.3%
Interest bearing assets +73.4% +15.4% +45.6%  -4282%  +293.8% 0
Interest bearing liabilities -85.3% -66.6% -76.7%  4+498.7%  -270.1% 0
Equity Assets +46.6% +52.0%  -200.4%  +101.8% 0
Liabilities -138.5% +259.3% -120.8%
Pensions & Insurance +169.9% -169.9% 0
Total: financial net worth +204.6% -51.2% -117.6% -40.5% +4.7% 0
Residual financial instrument +0.8% +8.7% -39.5% +26.6% +3.8% 0
Actual financial net worth +205.4% -42.5% -157.1% -13.9% +8.5% 0

Notes: Pink colour illustrates stocks that have been modified compared to the previous matrix. NFCs: Non-Financial
Corporations; FC: Financial Corporations; RoW: Rest of the World.

Table 3: Stock-flow matrix, percent (%) of GDP, 2000-2022 average, UK

Households ~ Government NFCs FCs RoW Total

Gross Capital formation (2) +4.3% +2.6% +10.7% +17.6%
Depreciation of real assets (3) -3.7% -1.9% -8.1% -13.7%
Other changes in real assets (4) +3.0% +0.9% +2.0% +5.9%
Changes in real assets (5)=(2)-(3)+(4) +3.6% +1.6% +4.6% +9.8%

Interest-bearing assets® +3.7% +0.8% +2.3% -182%  4+11.4% 0
Change in net financial Interest-bearing liabilities** -4.4% -5.2% -3.7% +23.8%  -10.5% 0
assets arising from Equity assets* -1.2% +3.7% -6.1% +3.6% 0
financial transactions Equity liabilities** -2.1% +5.1% -3.0%

Pensions +4.8% -4.8% 0

Residual FI -0.5% -0.3% -0.5% -0.5% +1.8% 0
Actual net lending (6) +2.4% -4.7% -0.3% -0.7% +3.3% 0

Interest-bearing assets® +0.2% +0.2% +0.1% -2.7% +2.2% 0

Interest-bearing liabilities** +0.4% +0.1% +0.8% +2.4% -3.7% 0
Other changes in Equity assets* +1.8% -1.1% -3.9% +3.2% 0
net financial assets Equity liabilities** -2.3% +6.7% -4.4%

Pensions +0.2% -0.2% 0

Residual FI +0.5% +0.5% -0.3% -0.8% +0.1% 0
Total other changes in net financial assets (7) +3.1% +0.8% -2.8% +1.5% -2.6% 0
Change in net financial assets (8)=(6)+(7) +5.5% -3.9% -3.1% +0.8% +0.7% 0%

Notes: Financial transactions related to an increase in net financial assets are denoted by a plus sign, while financial
transactions associated with a decline in net financial assets are denoted by a minus sign. NFCs: Non-Financial
Corporations; FC: Financial Corporations; RoW: Rest of the World; FI: Financial Instrument.

*Liabilities for the financial corporations

** Assets for the financial corporations



e Technical relationships: These are calibrated equations that are neither identities nor be-
havioural equations. Some technical relationships are definitions, such as the definition of the
wage share.

Therefore, the key focus of the estimation process is determining appropriate values for the param-
eters of the behavioural equations. A pragmatic approach to the estimation of behavioural equations
within the model is taken. There are three distinct approaches taken for each behavioural equation:

e Time series econometrics: Where appropriate, the equations are calibrated using time se-
ries econometric methods, generally using autoregressive distributed lag models (ARDL) in the
error correction model (ECM) form. This means that the parameter values are estimated from
available past data. This requires that sufficiently long time series data are available for all
variables in the equations. The form of the equations themselves are based on economic theory,
although econometric results (such as a lack of significance of certain variables) will inform the
structure of the equations. However, where data are not available, or there are limited significant
econometric results, other approaches will need to be taken to estimate the parameters within
the behavioural equation.

e Existing Studies: In some cases, the parameters of the behavioural equations will be based on
existing studies. This is in part due to a lack of data or poor econometric results, although for
some behavioural relationships, it is not appropriate to employ past data to estimate parameter
values. This is particularly true for behavioural equations relating to green investment, where
the past does not serve as a good predictor of future behaviour, due to the non-linear nature of
technological progress in these areas and changes in government policies over time.

e Exogenously Driven: In cases where econometrics is not possible and other studies cannot be
used, behavioural relationships can be set to be exogenously driven based on fixed relationships,
such as assuming a variable maintains a steady relationship with GDP. Residual variables, which
by definition include those variables that are not explicitly modelled, will generally be defined
in this way. This effectively turns a behavioural equation into a technical relationship.

This pragmatic approach reflects that even for a country with relatively rich data, such as the UK,
it will still not be possible, or even desirable, to estimate all behavioural equations from past data.
This would become an even greater issue when attempting to build models for countries with more
limited data. Given that it is desirable to be able to develop ecological SFC models in a broad range
of country contexts, a strength of this flexible approach is that it is relatively straightforward to apply
this process when data availability is more limited. The complete econometric results are shown in
Appendix C and a complete list of parameter estimates and their sources is included in Appendix B
Table 6.

3.3 Model overview

Having derived the model structure, along with estimating key equations, we now present the overview
of the model, which is shown at a high level in Figure 1.

Many of the transactions in the model involve the production process, which is the combination
of general production and power generation. GDP expenditure in the form of consumption (CONYS),
gross capital formation (GCF'), and exports (EX P) less imports (/M P) flows into the production
module. Meanwhile, GDP income in the form of wages, gross operating surplus (GOSp), and indirect
taxes on production (IN DT AX) flows out of the production module. The separation of production in
this way allows the model to reflect the fact that in the UK production occurs across many sectors to
greater or lesser degrees. However, the productive module should not be confused with the other sec-
tors: it does not have any assets or liabilities and simply serves as receiving productive “expenditure”
and then distributing productive “income”.

The industrial sectors in the model are split between the power sector (D35 in the European system
of accounts NACE categorisation) and all other industrial sectors, which are then included in the



production sector of the model. Final consumption is divided between the final consumption of general
production products (CON Sp) and the final consumption of power sector products (CONSpg) with
the latter primarily being the consumption of electricity by households. Input-output interactions
are included, in the form of intermediate consumption between the production and power sectors.
Intermediate consumption of the production sector for products of the power sector (/Cpsp) accounts
primarily for electricity consumption of industrial sectors, while intermediate consumption of the
power sector for products of the production sector (ICppg) accounts for inputs into the electricity
generation process, notably fossil fuels. Both the production and power sectors also have internal
intermediate consumption that completes the input-output structure.

On the transaction side, all sectors receive interest from the MFI sector based on their holding of
interest bearing assets and pay interest to the MFI sector based on their holding of interest bearing
liabilities. Dividend payments occur between many sectors, and dividend payments are administered
through the NMFT sector. Social contributions are paid by households to the government and NMFI
sectors, which social benefits paid to households by those same sectors. Other income (OI) and
pension adjustment (PENS4py) are paid by NMFIs to the household sector. A residual transaction
for each sector is used to bring model-determined net lending in line with the net lending level from
national accounts.

Emissions constitute the only ecosystem variable that is included in the model at this stage.
Emissions are driven by several stock variables, such as green and conventional capital levels and
non-fossil power capital, which affect the emission intensity of the economy. However, emissions tend
to increase when there is an increase in economic activity.

Although much of this structure is standard to macroeconomic models, and particularly SFC
models, it can be seen how the empirical SFC approach has led to different considerations to other
models. Some examples that illustrate this: the separation of production is non-standard, but is
necessary to reflect that production does not occur uniquely in one national accounting sector; pensions
are not always included in SFC models but are found to be a highly significant household asset within
the UK so are included in the model; social contributions and social benefits are rarely modelled but
are found to be highly significant flows within the UK national accounts and therefore need to be
included in the model.
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Figure 1: Simplified Model Overview
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Baseline scenario

The combination of econometrically estimated behavioural equations, identities, and technical re-
lationships results in a model that generates a baseline projection. However, there are significant
uncertainties around the parameter values, particularly with regard to some of the environmental pa-
rameters in the model. To set reasonable estimates for these parameters, the model draws on a range
of external data sources to estimate a baseline scenario, which can be used as the basis for policy sce-
nario analysis. The baseline of the model and the scenarios will run until 2035, this reflects the focus
of scenarios on medium-term energy transition goals, as opposed to the longer-term environmental
and ecological scenarios covered in models such as the global DEFINE, (Dafermos and Nikolaidi 2022),
which runs until 2100, or EUROGREEN, which has projections until 2050 (D’Alessandro, Cieplinski,
et al. 2020).

For macroeconomic data, the model relies mainly on estimates from the UK Office for Budgetary
Responsibility OBR (2025). The OBR, set up in 2010 produces detailed forecasts for the economy
and public finances and is intended to serve as an independent evaluator of government policy. The
OBR uses various tools to generate their economic and fiscal outlook, including their macroeconomic
model (OBR 2013). OBR economic forecasts are short-term with a five-year horizon, therefore, data
are available until 2030 for calibrating the baseline. It is assumed that economic variables after 2030
follow a similar growth rate as later years in the forecast.? Initial values and parameters are adjusted
to achieve similar trajectories as the OBR for variables such as headline GDP growth, the debt-GDP
ratio, and the rate of price inflation. As the OBR forecasts feature detailed projections for various
forms of government spending, this data will be used to calibrate the technical relationships in the
model related to government spending such as forms of government consumption and investment.

For environmental variables, in particular territorial emissions, the objective is to establish a
reasonable “current policies” baseline where existing environmental policy commitments are included
but no additional policies or unexpected behaviour change occurs. The emission pathway of the model
is close to the current policy projection of the National Energy System Operator (NESO 2025), who
provide independent forecasts of net zero pathways within a specific UK context. Other sources are
also used, such as the Network for Greening the Financial System (NGFS) scenario data (NGFS
2025), although their projections only include emission data at 5-year intervals and take a more global
perspective. This means that there is a reduction in emissions in the model; however, the emission
reduction falls significantly short of the UK’s 2035 NDC target (GOV.UK 2025) to reduce greenhouse
gas emissions by at least 81% by 2035 compared to 1990 levels.

Although other studies are used to calibrate the baseline, this should not be taken as an endorse-
ment of any particular projections. Rather, this is a pragmatic approach in order that the model
develops in a way more or less consistent with future expectations for the macroeconomy and envi-
ronmental systems for the UK. The baseline of the model should also not be seen as a prediction or
forecast; What is of primary interest in this research is the effect of different scenarios on the model.
Therefore, this thesis is primarily concerned with how various scenarios change variables from the
baseline as opposed to making any predictive forecasts for specific variables.

Several key baseline variables are shown in Table 4. Most variables are relatively steady; growth
projections are modest, but in line with the overall trend in real GDP growth in the UK. Unemployment
is fairly consistent over the baseline period. The population and labour force increase steadily, in line
with UK projections. The proportion of non-fossil fuel electricity production increases, but falls far
short of the goal of fully non-fossil fuel production by 2030. Total emissions do fall, due to higher
electrical energy use and green investment and efficiency improvements, but again this falls short of
UK emission reduction targets. The emission price is set to increase modestly during the baseline
period. Green investment, as a percentage of GDP, also increases modestly over the period. NFC
default rates and credit rationing decrease slightly over the baseline period; this is mainly due to the
fact that the start of the baseline scenario is still being affected by the high inflation, low growth,
and high interest rates of the early 2020s. The variables that change the most in the baseline are
the financial variables, default rate, and credit rationing rate of the power sector, with both of these

“The OBR forecasts mostly converge to a steady growth rate by the end of the forecast period so for the baseline it
is assumed that this steady rate can be extrapolated.
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increasing over the period. This will be discussed in more detail in the results section. However, in
short, this occurs mainly due to the marginal price electricity system within the model. As electricity
use becomes increasingly non-fossil based, electricity prices fall due to more “fully non-fossil” electricity
hours. This reduces the profits of the private power sector and has a negative impact on their ability
to service debt, which is required to undertake the high levels of investment required for the non-fossil
fuel energy transition. This is consistent with recent discussions around the “cannibalisation” effect
(see Pena et al. (2022)), whereby increasing renewable energy use negatively impacts the profits of
electricity-generating firms.

Table 4: Key characteristics of the baseline scenario

Variable 2025 2035 Mean St. deviation
Real GDP growth (%) 1.64 1.73 2.02 3.02
Unemployment (%) 4.36 4.32 4.45 0.07
Population (millions) 55.66  59.66  57.70 1.32
Labour Force (millions) 34.68  36.39  35.60 0.57
Proportion of non-fossil electricity generation (%) 67.35  84.55  77.63 5.60
Total emissions (MT'COzq./year) 358.71 283.20 323.78 26.68
Emission price (£/T'COxq) 801 13.14 106 0.17
Green investment investment (% of GDP) 1.34 1.72 1.55 0.13
NFC default rate (%) 2.02 1.75 1.81 0.11
NFC credit rationing (%) 17.98 15.55  16.81 1.25
Power Sector default rate (%) 2.53 4.53 3.78 0.67
Power Sector credit rationing (%) 2793  43.51  38.68 5.72

Notes: All quarterly values are annualised and the mean and standard deviation are calculated from 2025-2035.

4 Green Fiscal Policy: Key Model Channels

There are several key green fiscal policy channels present within the model with green fiscal policies
that impact macroeconomic, financial, and environmental variables. Due to the integrated nature
of the model, there will be several feedback loops and dynamic effects that should be considered
before running policies. In this section, the key environmental and macroeconomic channels for each
fiscal policy scenario will be discussed along with some of the key subsystems in the model around
price formation, government debt, and financial constraints. As the model is system-based and fully
integrated technically, every endogenous variable has at least some indirect impact on every other
variable, so while the figures in this section will present what appear to be closed systems, this is not
the case in reality. However, the systems presented reflect the most important channels for certain
policies or effects and will be useful in showing how these channels operate within the model. In the
description of channels below, we will refer to model equations which are available in Appendix A.

4.1 Carbon Pricing Channels

The key impacts of an increase in the carbon price are shown in Figure 2. Carbon pricing has a direct
behavioural impact on the investment decisions of agents within the model. NFC green investment
is increased by the higher relative cost of fossil fuel energy through Eq. (161) and households also
respond to higher non-electric energy prices by investing more in green home improvements through
Eq. (323). This increase in “Green Investment (non-power)” (as named in Figure 2) leads to a
moderate reduction in the intensity of emissions from the use of non-fossil fuel energy through Eq.
(19), a fall in energy intensity through Eq. (16) and an increase in the electricity share of energy use
through Eq. (18). An increase in the carbon price also increases the proportion of power investment
in non-fossil fuel electricity generation through Eqs. (97 & 98). This leads to a reduction in the fossil
intensity of electricity production and overall lower emissions from the electricity generating process.

The carbon price also has direct and indirect impacts on the overall price level in the UK. As
carbon prices are included within indirect taxes, they directly increase the cost of production in Eq.
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(48), higher marginal costs are passed through to prices directly through Eq. (30), although the degree
of pass through will depend on the behavioural changes that result from a carbon tax. However, the
increase in non-fossil fuel electricity capital leads to a fall in the electricity price. As electricity
is part of intermediate consumption in the production sector, lower electricity prices will reduce
costs, resulting in a deflationary effect. The inflationary impacts of carbon pricing are empirically
discussed by Konradt and Weder di Mauro (2023) with reference to the EU and Canada, where the
net inflationary impacts were found to be neutral in the past, although the authors acknowledge that
more ambitious future carbon pricing policies could have greater macroeconomic impacts than have
been seen in the past. Furthermore, the New-Keynesian modelling approach of Ferrari and Nispi Landi
(2022) finds that the short-term impacts of carbon pricing are deflationary due to households with
rational expectations anticipating a fall in future income and reducing their spending accordingly,
however, the authors do find inflation in the first period when they relax the expectation structure
and allow households to not anticipate the future fall in incomes. With the expectation structure of
an SFC model, it is more likely that inflationary impacts will occur as households do not have rational
expectations, although their fall in income related to higher carbon prices will likely reduce spending.
Therefore, the overall impact of carbon pricing on inflation is unclear. It is likely to be initially
inflationary, with deflationary pressures appearing as the higher price passes through to economic
activity and green investments.

The impact of the carbon price on GDP is both direct and indirect. Directly carbon prices are a
cost for firms and households (indirectly in the latter case), this reduces the disposable income of these
sectors and results in lower spending through less household consumption in Eq. (310) and lower firm
investment in Eq. (160), the latter effect being an indirect impact of lower creditworthiness of firms
with lower incomes. This will directly reduce GDP through a fall in the components of final-demand.
If there are inflationary pressures, this will result in a further fall in economic activity as wages lag
behind rising prices, resulting in further lower demand. Furthermore, the Bank of England, following
their Taylor rule in Eq. (382), are likely to increase the base rate in response to inflation, this leads to
higher debt-service ratio for firms, lower disposable income for households and acts to further depress
demand.®

The overall effect on emissions of a higher carbon price is, as expected, an overall reduction in
emissions. More investment in non-fossil power capital will reduce the emissions from electricity
generation, while greater general green investment increasing the electricity share while reducing
energy and emission intensities will lead to lower energy use in general and lower emissions from the
energy that is used, resulting in a fall in non-electric emissions and overall emission reduction. The
negative impacts on economic activity further reduce energy use through Eq. (2) and lead to further
falls in emissions. This is consistent with insights from the Degrowth literature (see Kallis (2011),
Hickel (2019), and Mastini et al. (2021)) where the link between economic activity and ecological
damage, including emissions, is highlighted. However, it must be stressed that carbon pricing is
not a “degrowth policy”, but rather that lower economic activity is a side effect. For an analysis of
degrowth policies, such as sufficiency-based approaches, within a post-Keynesian modelling framework,
see D’Alessandro, Cieplinski, et al. (2020) and Dafermos and Nikolaidi (2022). Although not shown
in the figure, the increase in carbon prices provide income for the government sector and can be
considered a fiscal contractionary policy.

®While there is a negative macroeconomic impacts of rising interest rates within the model it should be highlighted
that the effect is often smaller than what is seen within the New-Keynesian macro modelling literature.
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Figure 2: Carbon pricing channels within the model

4.2 Non-fossil Fuel Subsidy Channels

The key impacts of the implementation of a non-fossil power subsidy are shown in Figure 3. In the first
instance, the subsidy increases the income of the power sector; however, the subsidy is conditional on
the sector carrying out non-fossil power investment and so is channelled directly into this investment
activity. However, it is assumed that a portion of the planned non-fossil power investment that would
have been carried out by the power sector in the absence of the subsidy is now instead covered by the
subsidy. Crucially, this means that the subsidy does not increase non-fossil fuel investment directly by
the subsidy amount, although in the scenarios the increase is still substantial. This also means that
the subsidy increases the net-lending position of the power sector, as the sector now does not need to
self fund as much of its investment activity. This increases the net worth of the power sector, which
further increases income through increasing the income that the sector derives from financial stocks.

Greater power sector income also increases power sector creditworthiness, by reducing the debt-
service ratio of the power sector (Eq. (130) which leads to lower credit rationing in Eq. (131). Lower
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credit rationing further supports power sector investment by making it easier for these firms to access
credit in order to support their investments. This further increases power investment in non-fossil fuel
capital, creating a positive financial feedback loop.

Greater power investment in non-fossil fuels, as in the Carbon Price scenario, will directly reduce
electricity-based emissions. It will also lower the price of electricity due to the lower marginal cost of
non-fossil fuel electricity, and this latter effect is likely to be considerably larger in this case due to the
direct nature of this policy in targeting the power sector. A lower electricity price will also increase
green non-power investments, with NFC green investment being increased by the lower relative cost of
electrical energy Eq. (161) and households also respond to lower electricity prices by investing more
in green home improvements through Eq. (323).

However, there is an important feedback loop around electricity prices. Although the subsidy
supports the income of the power sector, the lower price of electricity has the opposite effect. With
lower marginal-cost electricity production, the power sector receives increasingly lower income from
selling electricity. This is a result of the cannibalisation effect (Pena et al. 2022), where a non-fossil fuel
transition reduces the income of the firms selling power. This negative feedback effect will constrain
future non-fossil investment in the model by reducing the income of the power sector and reducing
the sectors credit-worthiness.

In terms of the policies impact on overall economic activity and GDP, this is now expected to
be broadly positive. Unlike the carbon tax, which reallocated investment from conventional to green
activity, the subsidy is expected to increase power sector investment, which will directly increase GDP.
Furthermore, lower electricity prices reduce costs in the rest of the economy, reducing inflation and
further supporting economic activity. There is a feedback loop here as well, with higher economic
activity increasing inflationary pressures such that in the long run this could balance out. However,
in the short run the expectation is that this would be an economically expansionary policy. Again,
although not shown in the figure, this policy is funded by the government sector and will, at least in the
short run, reduce the governments net-lending position and can be considered as a fiscal expansionary
policy.
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Figure 3: Non-fossil fuel channels within the model

4.3 Green Housing Subsidy

The key impacts of the implementation of a green housing subsidy are shown in Figure 4. As with
the power sector subsidy, the green subsidy is received as sectoral income of households; however,
this income is not accessible and must be spent on household green home improvements. In terms
of whether the subsidy increases or decreases the household sectors own spending on green home
improvements, there are two competing effects. On the one hand, the reduced costs of green home
improvements are likely to incentivise some households who would not have been able to undertake
these improvements to do so now. On the other hand, the subsidy will be used to cover some of the
spending on green home improvements that certain households would have carried out anyway without
the subsidy being in place. For the initial projections, it is assumed that the overall effect is neutral in
terms of household spending, that is, households spend the same on green home improvements when
the subsidy is in place. As the subsidy effectively reduces the cost of green home improvements for
households, this leads to an increase in total green home improvement spending, the remainder being
covered by the subsidy. Therefore, unlike for the power sector subsidy, there is no immediate positive
impact on households net lending position.

An increase in green home improvements leads to a greater number of efficient and electric houses
within the overall housing stock through Eqs. (351 - 353). Greater efficient, housing stock serves to
reduce household energy intensity, while an increase in the number of fully electric houses increases
households electricity share. Household energy use falls leading to a reduction in the non-electric
energy use of households, the impact on electric energy is less certain as the rise in the electricity
share increases household electric energy demand while efficiency gains serve to reduce it. This means
that it is possible for household electric emissions to increase in this scenario, particularly if the power
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sector still uses considerable fossil-based electricity generation. Nevertheless, as the electricity system
is generally less emission intensive than non-electric household energy, the expectation is that the net
impact of home improvements is a reduction in total emissions.

The subsidy would also have a modest impact on economic activity. The increase in overall house-
hold home improvements leads to a rise in household gross capital formation and thus directly increases
GDP. In addition, the reduction in the energy intensity of houses and increase in the electricity share
reduce the cost of energy for households and reduce the amount that households need to spend on
their energy. This increases households post-energy disposable income and means that they have
more income available for other spending such as household consumption and investment. As GDP
is a measure of monetary flows, this latter effect does not increase GDP as it is mostly a reallocation
of household consumption from energy spending to other spending; however, in terms of households
satisfying their needs, they are effectively receiving the same energy while enjoying a greater degree
of other consumption. The muted impact on GDP in this scenario highlights the issue of using GDP
as a proxy for general welfare when, in reality, it is only a measure of a part of the marketable output
of the economy (Aitken 2019).

Household
Green Subsidy

HH Energy Use Household Sector Income

Household Green Household Sector
Home Improvements Net-lending

N N\

. .- Household Sector
HH Energy Intensity HH Electricity Share GDP Net-worth
HH Electric Energy HH Non-electric Energy
HH Electric Emissions HH Non-electric Emissions

Total Emissions

Figure 4: Green Housing Subsidy channels within the model

4.4 Price Channels

The key internal channels related to economy-wide prices are presented in Figure 5. In this figure,
green arrows describe an increasing effect and red arrows describe a decreasing effect. Price inflation
will have a positive impact on nominal wages due to a direct increase in nominal GDP, and total wages
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being set to tend to a portion of the nominal GDP in Eq. (52). As wages are a cost to the production
process, this increases the nominal costs of the production module. Nominal costs are also impacted
by a variety of other input costs, such as imports, energy costs, and indirect taxation as described
in Eq. (48). On the other hand, inflation, at least in the short term, leads to a fall in real wages as
the wage-setting process is dynamic and when prices rise, wages will not immediately adjust to the
higher price level. Price inflation also increases interest rates through the central banks’ Taylor rule in
Eq. (382) which propagates through to other interest rates through Eq. (383-386). Both real wages
falling and higher interest rates will have a negative impact on real output, which is demand-led, as
household consumption falls due to lower income from wages, and many other sectors are impacted
by higher borrowing costs, reducing both income and the availability of credit for investment. Lower
real output will reduce the level of employment in Eq. (33) which in turn leads to lower wages as
workers’ bargaining power is reduced, leading to a further negative impact on real output. A fall in
real output also reduces the utilisation of capital within the model.

As the equation for price inflation is a mark-up on unit costs in Eq. (49) the increase in nominal
costs will have a positive impact on inflation, while the fall in real output will have a negative one.
Furthermore, as the mark-up is driven by the level of capacity utilisation, a fall in the utilisation of
capital results in further deflationary effects. Therefore, the model does have a form of wage price
spiral, as shown by the interaction between nominal wages and inflation. However, this spiral is
dampened by the impacts of inflation on demand, both directly through real wages and indirectly
through interest rates. The wage price spiral is emphasised as a key driver of inflation in the new
Keynesian macroeconomic literature, such as for the new Keynesian model of Bernanke and Blanchard
(2025). However, unlike Bernanke and Blanchard (2025), wage bargaining is based on actual current
prices rather than inflation expectations® and the ability for workers to demand higher wages through
bargaining is constrained with it taking time for workers to be able to increase their wages to match
inflation. The inclusion of post-Keynesian insights relating to the impact of the utilisation of capital
on mark-ups serves to further dampen the wage price spiral within the model. This is more consistent
with the criticism of Bernanke and Blanchard (2025) presented by Storm (2024) and results in the
impacts of the tightening of the labour market on prices being considerably smaller than in the new
Keynesian literature. Instead, other variables that affect the costs of production, such as imports,
energy prices, and levels of production taxation, play a greater role.

Price
Inflation

/

Figure 5: Price Channels within the model

5This is more in line with recent empirical literature on inflation expectations being based on past and current

inflation levels (Rudd 2022; Fair 2022).
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4.5 Fiscal Channels

All the policies being analysed here are fiscal policies and are either expansionary in the case of
government subsidies or contractionary in the case of carbon taxes. The impacts of a general reduction
in government spending are shown in Figure 6. The impacts of increasing spending would be the
opposite of this. Reduction in government spending leads to an immediate fall in GDP, as government
spending is a part of total demand in the economy, while increasing net-government income through
lower expenditure. A fall in GDP, as already discussed, leads to a fall in the employment rate.
It also reduces most forms of government taxation, reducing indirect taxes on production directly
through lower output in Eq. (247) and indirectly through falling GDP, depressing wages, and therefore
also reducing income taxes in Eqgs. (254 & 255). The higher unemployment rate also leads to the
government increasing social benefit spending, which includes out-of-work benefits, through Eq. (262).
Higher social benefit spending and lower tax revenue both reduce net-government income with the
overall impact of the policy on this variable depending on whether the reduction in spending is greater
than the reduction in income. The change in net income impacts the government debt levels which
combined with the reduction in GDP lead to changes in the government debt to GDP ratio, the primary
variable of interest when assessing the sustainability of government debt. Therefore. depending on
how large the reduction in GDP is, it is possible that even if the policy reduces overall government
debt, it may increase the debt-GDP ratio.

This is in line with post-Keynesian analysis, such as Botta (2020), where it is highlighted that
spending reduction (austerity) policies can be self-defeating in terms of improving the government
debt-GDP ratio. This is broadly consistent with the experience within the UK where austerity policies
in the aftermath of the global financial crisis were unable to reduce the debt-GDP ratio of the UK,
which remained elevated until the Covid-19 crisis, where they once again increased.”. This is not
to say that the model will always generate this paradoxical effect, as this will depend on the state
of the model when policies are implemented.® This description of fiscal channels mainly serves to
demonstrate that there are multiple interacting processes and feedback effects such that the impact
of fiscal policies may not always be easy to predict.

"Not to mention that these same austerity policies in the UK had broad reaching negative socio-economic impacts,
such as increasing inequalities (Nunn 2016) and worsening health outcomes (Stuckler et al. 2017)

8For example expansionary policies tend to be more effective when resources in the economy are relatively under-
utilised in line with the classic argument of Keynes (1937)
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Figure 6: Government Spending Reduction Channels

4.6 Credit-Investment Feedback Channels

Finally, the key interactions between credit, income, and the investment of firms are shown in Figure 7.
These channels are broadly similar for general non-financial corporations and firms in the power sector
except around the drivers of prices. The income of firms impacts the numerator of firms’ debt-service
ratio Egs. (199 & 130) such that a higher firm income leads to greater availability of credit with
which forms can carry out investment (capital formation) as in Eq. (160). The amount of loans taken
out by firms to cover this investment is driven by the amount of investment that occurs along with
firm net income; if firms’ income is higher, then they are able to fund more investment from retained
profits rather than loans. The taking out of loans increases the interest paid on loans, impacting the
denominator of the debt-service ratio and increasing the rate of credit rationing. This is a key financial
stabiliser in the model, if firms invest heavily by taking out credit, while their incomes do not expand
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sufficiently, then they become less credit worthy, and it becomes more difficult for them to raise credit
for future investments.

Capital formation has a direct impact on GDP, and it is a component of final demand. The
formation of capital, all else equal, also reduces capital utilisation by increasing the total stock of
capital. Rising GDP, on the other hand, increases capital utilisation from the demand side. This
small system also acts as a stabilising force in the model. If investment occurs without sufficient
increase in GDP, then the utilisation of firm capital reduces and firms are less incentivised to carry
out additional investment; in this way investment responds to the demand environment within the
economy.

Changes in capital utilisation also impact prices,”? with higher utilisation leading to price increases.
Higher prices increase the net income of firms and have a positive impact on firms’ ability to borrow
to invest. On the other hand, higher prices lead to an increase in the interest rate on loans due
to the central bank responding by increasing the base interest rate, thus constraining investment.
Furthermore, as described in the price channel section, higher prices will tend to reduce real GDP.
As can be seen, this system has a high level of interdependencies and multiple channels acting in
opposition to each other. However, it is crucial in determining the degree of private investment that
is necessary in many scenarios to achieve environmental transition goals.

9This is not the case for the power sector where prices are set based on marginal costs.
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5 Scenario analysis

5.1 Green fiscal policy scenarios

The model will be run under several different green policy scenarios in order to assess the environmental
and macroeconomic outcomes of a variety of different policy approaches. The focus in this paper will
be on fiscal policies. Additionally, we choose to focus primarily on fiscal policy approaches which are
already somewhat in place in the UK, and analyse the impacts of strengthening said policies.

The fiscal policy scenarios that will be assessed are the following; all policies are implemented in

2026 Q1:

e Carbon Tax Increase: The tax on emissions is increased initially from around £10/MTCOs,
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to £30/ MTC Oy, and then steadily increases to almost £200 /M TCOq, by 2035. In this scenario,
the coverage of the emission price is also increased, so a greater proportion of emissions are
covered by the carbon price. The carbon price must be paid by the emitting firms and provided
revenue for the government sector.

e Green Power Subsidy: The government increases the scale of its “Great British Energy”
power sector subsidy from £8.3 bn to £50 bn over the next parliament (until 2030). It is
assumed that this subsidy remains in place until the end of the simulations or until the power
sector fully transitions to non-fossil fuel power generation.

e Housing Subsidy: The government provides subsidies to households for green home improve-
ments reducing the cost of energy efficiency and electrification improvements by 40% and this is
then paid for by the government sector.

e Combined Scenario: All above policies are run simultaneously.

These scenarios capture a range of quite different green fiscal policy approaches, which allow
the model to consider the differentiated impacts that different policy packages could have and the
potential trade-offs between them. The combined scenario further allows the model to explore the
complementarities between policies and explore how they might interact with each other.

Full results for the 5 scenarios: Baseline, Carbon Price Increase, Green Power Subsidy and all
policies together are presented in Figure 8. Starting with the direct environmental impact of policies,
Figure 8a shows the increase in emission pricing in various scenarios, the emission price increases
only in the carbon price and all policy scenarios. Figures 8b, 8c, and 8d show, respectively, the
proportion of green non-power capital investment, green power capital investment, and green home
improvement investment. The carbon price increase has a significant impact on general green non-
power investment, although it’s effect appears to diminish over time, even as the carbon tax continues
to rise. The higher emission price also has a moderate impact on green energy investment, although
it has almost no impact on green home improvement investment. The proportion of green power
investment increases in 2026 in the baseline due to the establishment of Great British Energy. For
the green public investment scenario, this increase is considerably greater. For both the green power
subsidy and all policy scenario, green power investment becomes entirely non-fossil fuel based by the
end of the projections. An increase in green power investment also has a positive behavioural impact
on both green non-power and green home improvement investment, predominantly through lower
electricity prices. Finally, the proportion of investments in green home improvements is significantly
increased by the green housing subsidy; however, this increase does not have a major impact on the
other forms of green investment.

Figure 8e shows the mix of non-fossil energy in electricity production. In the baseline, the grid
becomes increasingly non-fossil based; however, the pace of transition slows and the electricity grid
ends up at around 75% mnon-fossil generation by the end of the period. The green power subsidy, by
significantly increasing green power investment, results in a non-fossil transition by the end of 2032
when applied alone and slightly earlier in 2031 when all policies are applied simultaneously. Once the
non-fossil power transition is achieved, the government stops subsidising power sector investment and
the impact on other forms of investment stagnates as seen in figures Figures 8b and 8d.

The impact on total greenhouse gas emissions is shown in Figure 8f. None of the individual
scenarios achieve the UK’s target by 2035. Even when all policies are applied together, the targets are
not met.'% This may reflect that targeted policies may be required in other areas, such as transport,
which are not included in these scenarios, or that broader policy approaches beyond fiscal policies
should be considered. The greatest emission reduction is achieved by the green power subsidy, followed
by the increase in carbon prices, and finally by the green housing subsidy. The energy use across the
economy, under the different scenarios, is shown in 8g. The trajectory of this variable is similar to that
of emissions, which is understandable given that these variables are strongly linked within the model.
However, there are some key differences, in that while the power sector subsidy reduces emissions the

10 A reduction in emissions of 81% in the model would imply total emissions need to fall to 155MtCo2e, all policies
result in emissions reducing to 189MtCo2e
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most of each individual policy, it reduces energy use the least, with the carbon tax being more effective
here. Although by the end of the simulation the reduction in energy is similar for all policies. This
again highlights the indirect impacts of the power sector subsidy; by reducing electricity prices, this
policy has a behavioural impact on other green investment decisions; however, this takes time to be
achieved, whereas the carbon price increase has a more immediate behavioural effect.

The real GDP levels are shown in Figure 8h. Increasing carbon prices on their own are contrac-
tionary, as seen in other post-Keynesian environmental and ecological models (Dafermos and Nikolaidi
2019; An 2024). These taxes reflect a direct increase in costs for firms and households, and are there-
fore likely to constrain output. The reduction in GDP, in the carbon price scenario, has a positive
impact on environmental variables by reducing energy use. In fact, around 60% of the reduction in
energy use from a carbon tax is due to the negative impact this policy has on economic activity,
while the remaining 40% are due to green investments carried out due to the change in relative en-
ergy costs. The green power subsidy is, on the other hand, expansionary when applied in isolation.
Again, this is to be expected as this policy leads to a direct increase in power sector investments. The
increase in GDP in this scenario is further supported by positive spillover effects from power sector
investment, such as increasing average labour productivity and reducing electricity prices and thus
reducing costs for other sectors in the economy. However, this expansion does lead to environmental
rebound effects, where an expansion of economic activity leads to greater energy use and some forms
of emissions. The green housing subsidy is, on the other hand, fairly neutral in terms of overall GDP,
only resulting in a very marginal increase in economic activity. This is due to the gross investment
numbers being fairly marginal in the housing case and also a lack of the same spillover effects seen in
the case of investment within the power sector. When all policies are applied together, initially there
is a small increase in GDP; however, once the behavioural impacts of the carbon price kick in, this
turns negative, finally increasing towards the end of the projection period and ending up with slightly
lower GDP than the baseline scenario. There are several interactions that occur when all policies are
run together. Firstly, investment within the power sector is partly counteracting the contractionary
effects of the increase in the carbon price. Furthermore, the reduction in emissions from other policies
reduces the costs resulting from the carbon price, with the total receipts from the carbon price scheme
being approximately 40% higher at the end of the projections for the government in the scenario of
the pure carbon price compared to the scenario with all policies. This highlights that there are some
key interactions between the policies, and some undesirable policy outcomes can be addressed when
policies are implemented together.

Two key components of GDP, total consumption and total investment, are shown in Figures 8i &
8j. The expansionary power subsidy increases investment directly and also has a positive impact on
overall consumption. Notice that overall investment falls at the end of the period due to the non-fossil
power transition being achieved, and hence the subsidy no longer being provided. The rise in carbon
prices reduces both consumption and investment, and the negative impact on total investment also
impacts green investment in this scenario, so that while the proportion of green investment increases
(Figures 8b) this is counteracted by falling overall investment levels such that the gross real investment
in green capital in the carbon price increase scenario is only marginally higher than the baseline. The
increase in carbon price has a neutral impact on consumption, as while household energy consumption
falls and this counteracts the increase in other forms of consumption, although as highlighted in
Section 4, from a wellbeing perspective, households are receiving the same electrical energy while
simply paying less for it. In the all policy scenario, total investment is more or less maintained, due to
the expansionary fiscal policies counteracting the contractionary impacts from the carbon price rise.
On the other hand, under “all policies”, total consumption still falls below the baseline, recovering
slightly toward the end of the period.

The impact on overall price inflation (CPI) is shown in Figure 8k and the corresponding increase
in the Bank of England base rate is shown in Figure 8 1. Initially, CPI inflation is high, due to
higher inflation in the post Covid-19 period, although this falls in the baseline to slightly higher than
2% inflation for most of the period. The most notable impact of scenarios occurs in scenarios with
increased carbon prices. These cause an immediate and pronounced spike in the inflation rate followed
by a corresponding increase in the base rate. This is because the higher operating costs of firms are
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mostly passed through to prices. As described in Section 4, higher inflation and interest rates will
have a negative impact on economic activity and this is another key reason for the contractionary
impacts of the carbon price increase scenario. Although initially the spike in inflation is controlled
through contractionary policies, towards the end of the scenario inflation begins to rise again in the
carbon price increase scenario, as the rise in carbon prices, without sufficient decarbonisation, leads to
a significant rise in the costs of production. The green power subsidy is initially slightly inflationary
due to the rise in demand; however, rapidly becomes deflationary due to the impact of electricity
prices which reduce overall costs (electricity itself being an input into production). When all policies
are applied together, the initial inflation spike is even more severe; however, this is partially balanced
out by lower prices in the electricity market leading to only modestly higher price inflation, compared
to be baseline, by the end of the scenario period. In all cases, the Bank of England increases interest
rates in response to rises in inflation, although the dynamics of interest rates is smoother than inflation
reflecting rigidities in the central banks’ decision-making process.

The impact on the public debt-GDP ratio is shown in Figure 8m. Initially, most policy scenarios
cause an initial fall in the Debt-GDP ratio; however, this rises later in the projects, leading to all
policies resulting in a slightly higher Debt-GDP position compared to the baseline. Perhaps counter-
intuitively, the increase in carbon prices does not lead to a long-term improvement in the debt-GDP
ratio. This is due to fiscal channels described in Section 4, where the negative impact on GDP and
other forms of government income is greater than the increased revenue from the policy itself. The
all-policy scenario leads to the greatest increase in the debt-GDP ratio due to multiple fiscal spending
increases and the contraction in GDP from the carbon tax.

Changes in the unemployment rate are shown in Figure 8n. Policies where carbon prices are
increased have the largest negative impact on unemployment, due to their negative impact on overall
output in the economy. The power sector subsidy minorly reduces long-run unemployment, with this
effect being reduced in scale due to the positive impact of higher overall investment on productivity,
with higher productivity, all else equal, leading to higher unemployment, due to how employment in
derived in Eq. (33). The all policy scenario leads to an initial rise in unemployment but this is reduced
by the end of the period to be only marginally higher than the baseline unemployment projection.

Figures 8o and 8p show the default rate and credit rationing rate for non-financial corporations
(private non-financial firms excluding the power sector). These figures show the financial feedback
effects of certain policies. The largest financial impacts come from the increase in carbon prices,
where defaults are increased compared to the baseline initially, and the credit rationing rate rises.
The increase in credit rationing will further constrain firms investment on top of the other negative
effects that have already been covered in relation to carbon pricing. However, the green power subsidy
reduces credit rationing marginally compared to the baseline, which will lead to additional investment
on top of the investment activity already supported by the subsidy. Toward the end of the period, NFC
default rates reduce compared to the baseline for the carbon price scenarios; this is mainly driven by
the lower access to credit, reducing the stock of NFC loans, and thus lowering their interest payments
and illiquidity ratio in Eq. (198) thus reducing the defaults in Eq. (179).

Figures 8q and 8r show the default rate and the credit rationing rate for the power sector. These
figures show the financial feedback loops specifically for the power sector. The largest impacts here
come from the green power subsidy, where this significantly reduces both the default rate and credit
rationing compared to the baseline projections. However, once a full transition is achieved the power
sector default rate increases significantly, this is due to a sudden fall in the liquidity of the sector, which
up to that point has been receiving a significant portion of income from the subsidy. Furthermore,
due to the lower electricity prices resulting from a non-fossil fuel power transition, the income of the
power sector is reduced in these scenarios, which is what leads to the higher default rate and rising
credit rationing rates at the end of the projection period. In fact, this impact of lower electricity
prices plays out, to a lesser or greater degree, in every scenario, including the baseline. The lower
marginal cost of electricity production from the move to greater non-fossil fuel electricity generation,
leads to lower income and a lower debt service ratio (Eq. (130) resulting in an increase to power
sector credit rationing (Eq. (131) during the simulation period. Perhaps unexpectedly, the carbon
price increase reduces both the power sector default rates and power sector credit rationing. This is
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because the carbon price increases the marginal cost of fossil fuel electricity production which is the
driver of overall electricity prices in the UK. This increases the electricity price and makes all forms
of electricity production (fossil and non-fossil) more profitable. This benefits the power sector, with
the biggest winners being non-fossil fuel electricity generation firms, who will be able to increase their
income with no impact on their costs.

5.2 Discussion

The results highlight several interesting impacts and feedback effects from the green fiscal policies
scenarios. A summary of the main results and trade-offs is provided in Table 5. Firstly, the model
highlights several macroeconomic feedback effects. In particular, the macroeconomic rebound effect
(as described in Barker et al. (2009)) is present in the model, where policies that reduce energy costs
and/or increase disposable income lead to higher demand and energy use throughout the economy.
Although the net impact on emissions may still be negative, such rebound effects will reduce the
effectiveness of certain policies. This is particularly true for the expansionary green power subsidy,
where greater economic activity occurs along with lower electricity costs. The reverse effect is seen for
carbon prices, where the policy reduces incomes and constrains economic activity. In terms of emission
reduction, this leads to the so-called “double dividend”, as in Li et al. (2022), where higher carbon
prices reduce sectoral output and energy use beyond the initial impact of the carbon price itself.
Of course, the carbon tax also constrains firms investments including in green capital, so even the
second-order effects are somewhat mixed. This highlights the importance of macroeconomic feedback
effects when analysing the impacts of climate policy, as outcomes are significantly impacted by these
feedback effects.

Table 5: Summary of scenario results. Note: single and double arrows reflect small and large changes
respectively, SR (short run) refers to the period before 2030 and LR (long run) to the period after
2030.

Indicator Carbon Price Power Subs Housing Subs All Policies
Time Period SR LR SR LR SR LR SR LR
Emissions 1 2 J d d : H H
Electricity Share T T ™ - - - ™ -
GDP ﬁ- : f T T ! Il
Inflation T T J - - _ -
Public debt-GDP 1 1 l 1 - T L
NFC Defaults T J - d - - T 4
PS Defaults < d 4 1T - - W "

Partially linked to the macroeconomic feedback effects is the role of prices in the model, with
price channels being particularly important for the model results. Inflationary pressures exacerbate
the negative macroeconomic effects of carbon prices, while price reduction from the fossil fuel subsidy
exacerbates the expansionary effects of the subsidy. Recent country level models are increasingly
incorporating price dynamics into their analysis. The price impacts of carbon pricing/taxation are
consistent with recent modelling results such as the CGE for Japan of Yoshino et al. (2021) and
the SFC models for China and Denmark of An (2024) and Thomsen et al. (2025). Following the
high inflationary environment of the early 2020s, more models have begun incorporating prices more
explicitly in their analysis. These results suggest that prices are indeed important, both as an outcome
and as a driver of model behaviour, and that incorporating the price impacts of policies changes the
effectiveness of environmental policies.

The impact of financial constraints, both on the power sector and firms in general, also has a
material impact on model outcomes. Finance can exacerbate the first-order impacts of policies by
increasing credit rationing for NFCs in the scenario of a carbon price rise, leading to a contraction
in overall investment. This is in line with the arguments of Dafermos and Nikolaidi (2022) on the
role of financial feedback effects and the negative financial impacts of different environmental policy
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Figure 8: Effects of green fiscal policies on UK macroeconomic, financial and environmental variables
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approaches. The long-term rise in the credit rationing of the power sector, even at baseline, highlights
how finance acts as a constraining force in the model. As electricity prices fall, due to the greater use
of non-fossil electricity, financial corporations are less willing to lend to the power sector, expecting
that lower sectoral incomes will reduce their capacity to repay their loans, and indeed default rates
even in the baseline do rise for the power sector. This result shows how the power sector may require
greater guarantees in terms of it’s future income in order to finance a transition to non-fossil energy
as this constraint is one of the factors which leads to a slow down in non-fossil electricity capital
investment within all model scenarios where the power sector is not explicitly subsidised.

When comparing policy scenarios, the spillover effects or lack thereof become evident. This is
particularly the case when contrasting the power sector and housing subsidy. Both policies are highly
targeted, the first supporting the investment in the power sector and the latter supporting the invest-
ment of households in green home improvements. The green power subsidy has many spillover effects
already discussed, such as a fall in electricity prices, increasing investment demand, and leading to
broader behavioural change across the economy, including increased levels of general green investment.
The green housing subsidy, on the other hand, has far fewer spillover effects. This can be broadly
explained by the fact that green housing investment is downstream of investment in the power sector.
While lower electricity prices act to encourage households to invest in green home improvements, the
effect does not play out in the opposite direction. Greater investment in green home improvements
can increase the electricity demand of households; however, the electricity can be fossil or non-fossil
based and therefore household investment has limited impacts on other forms of green investment in
the model. This also explains why the green housing subsidy has fairly neutral effects on many of the
variables in Figure 8. This is an observation, rather than a criticism of the green housing subsidy.
While it’s lack of spillover effects could be seen as a disadvantage there are many reasons to pur-
sue such a policy, such as households being unable to fund improvements themselves along with the
positive effect on household wellbeing from lower energy costs and better insulated housing stock.!

Looking at the “all policies” scenario, the results show several complementarities and interactions
between policies. Both general green investment and household investment in home improvements
result in increased electricity use. The degree to which this electrification reduces emissions is directly
related to the electrification of the power sector itself. Therefore, the power sector subsidy increases
the effectiveness of both other policies in reducing emissions by making electrical energy less emission
intensive. Another interaction is between the carbon price and all other policies, as the carbon price is
based on total emissions, when other policies are applied alongside the carbon price, the reduction in
emissions from these policies reduces the scale of the carbon pricing policy. This mitigates some of the
negative long-term impacts of the carbon price, such as high levels of inflation, by reducing the amount
sectors need to pay due to their lower emission levels. The carbon price and power subsidy also both
effect non-electric and electric energy prices in opposing directions, with the carbon price increasing
non-electric energy prices while the subsidy reduces the price of electricity, this has a compounding
effect on the behavioural choice of firms looking at green investment and further incentivised firms
to make these green investments and electrify their capital stock. The complimentary Being able
to model the interactions between policies is a strength of an integrated systems-based modelling
approach. The positive interactions between policies highlight that a mix of complementary policies
will be necessary to achieve decarbonisation goals and that models need to be designed to analyse
multiple policies that interact with each other.

The fiscal policy results are broadly in line with other post-Keynesian models of fiscal policy
generally and green fiscal policies, however, there are some differences. The macroeconomic impact of
a carbon price is fairly large in the model, as along with increasing the price of emissions, this scenario
also broadens the scope of emissions that are subject to carbon pricing. This may explain the strong
negative macroeconomic impacts of increasing carbon prices within the model compared to other
post-Keynesian models such as D’Alessandro, Dittmer, et al. (2018), where the scope of emissions
covered by a carbon price is more limited and the impact of carbon pricing is more marginal. The

171t is also likely, provided such a policy was well designed, that it could have a positive distributional impact by
supporting the poorest households who are overly represented within low energy efficient houses in the UK. As the model
does not include distributional effects, this is not currently captured but is nonetheless relevant to assessing policies.
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greater impact of carbon price increases is also driven by the policies impact on prices which are
not always explicitly modelled. As in Bovari et al. (2018) and Dafermos and Nikolaidi (2019), the
combination of fiscal policies leads to a reduction in emissions; however,our model does not capture
the additional macroeconomic benefit of lower environmental damages. This leads to an additional
positive macroeconomic effect in these models which is not present in mine and may lead to more
pessimistic macroeconomic results.

An important point to highlight is that this system-based analysis does not result in a specific policy
recommendation. Unlike the cost-benefit analysis approach and the so-called “policy optimisation
models”, the model and results presented here do not generate an optimal policy result. All the
policies presented thus far feature certain advantages and disadvantages within the model. This is
further complicated by the interactions between policies. Furthermore, we believe that what policy
is considered optimal is fundamentally a political choice. If, as is the case for many cost-benefit
models, one chooses to equate societal wellbeing and GDP output, then certain policies, such as
high carbon prices, may be undesirable. However, as has already been discussed here and elsewhere,
GDP is not very reflective of general welfare, particularly in a high income country such as the UK.
There may be other macroeconomic targets, such as limiting unemployment or inflation, that could
be considered more important than GDP. Income and wealth inequality may also be areas of interest,
and these are not explicitly explored in the model. Therefore, no specific recommendation of policies
is made here; rather, the results should be interpreted as highlighting some potential unintended
consequences of certain policies, such as rebound effects or persistent inflation. If there were to be
a specific recommendation stemming from these results, it would be that the interdependencies and
complementarities between policies should be considered actively when designing fiscal policy mixes
and that while there are costs to undertaking climate policies, there are also certain opportunities and
potential positive macroeconomic outcomes.

The results highlight some interesting outcomes; however, they are based on certain structures
and parametrisations within the model. Carbon prices have a very strong and swift pass through
to general prices, and this may be less severe in reality. Households reaction to the housing subsidy
is fairly moderate and households may be more (or even less) responsive in reality. Furthermore,
electricity prices are allowed to fall rapidly in the power sector, harming the profits of this sector,
whereas it might be the case that power sector firms are provided electricity price guarantees to
protect their income, and this is already happening in a limited way within the UK. As these results
are based on relatively uncertain parameters we have carried out sensitivity analysis, which can be
seen in Appendix D. While the sensitivity analysis does show that different configurations can change
the effectiveness of policies, the overall policy results are not qualitatively changed.
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6 Conclusion

This paper presents a novel empirical E-SFC model for the UK economy that is used to analyse the
effectiveness of several green fiscal policies. Using the empirical SFC approach, the paper explicitly
takes into account the individual country context when making modelling choices. The model structure
is derived directly from UK national accounting data, with those same data then forming the basis
for calibrating behavioural equations and integrating ecological factors.

We use the model to conduct a policy scenario analysis until 2035. We analyse three green fiscal
policies: a carbon tax policy, green public investment, and a green housing subsidy. The results
highlight certain problems when policies are applied in isolation, including the recessionary impacts
of a carbon tax and the diminishing returns of green power investment. Many of these problems can
be addressed and mitigated against when policies are applied simultaneously, and for environmental
goals, these benefits can be greater than the sum of the benefits from individual policies. The results
highlight the importance of designing effective fiscal policy mixes that can achieve climate targets
without undermining macrofinancial stability.

Several extensions of the model of this paper are in order. First, a more complete integration of
ecological variables beyond carbon emissions would be crucial to allow the model to properly analyse
the wider effects of policies on the ecosystem. Second, the role of non-banks, which constitute a
significant part of the UK financial system, needs to be explored in more detail. Third, since a key
strength of SFC modelling is the full integration of finance, the model would be well placed to analyse
the effects of green financial policies, such as green differentiated capital requirements, green asset
purchases, and green refinancing operations. Finally, extensions to consider a wider range of policies,
such as regulatory changes, would allow the model to explore the implications of a broader set of
environmental policies.
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A Full Model Description

A.1 Ecosystem

The ecological side of the model considers primarily the role of energy use, electric or non-electric and
emissions derived from the generation of said energy. Energy is an input to the production process,
so economic activity always leads to greater energy use, which then can lead to higher emissions.
Unlike the global DEFINE model of Dafermos and Nikolaidi (2022) we do not include matter or
climate damages and instead focus on power generation and transition policy. Climate damage could
be considered, but unlike a global model, the stock of greenhouse gases is not an endogenous variable,
with UK emissions only making up a small fraction of global emissions'?. Therefore, damages would
be driven exogenously based on the predicted level of global emissions. Such an analysis would be
valuable for exploring the UKs medium to long term exposure to climate risk however currently the
model focuses on the short to medium term analysis of the effectiveness of transition policy. The
inclusion of matter is also an area of interest; however, much matter in the UK is imported and the
global stock of materials is not going to be heavily impacted by the UK material use.'® The current
environmental structure of the model is well placed to analyse the impacts of policies targeting the
expansion of non-fossil fuel energy generation and investment in greening the UK housing stock. These
are areas that are high on the green policy agenda in the UK.

A.1.1 Energy

Energy is considered in an aggregate way, similar to the DEFINE-GLOBAL model. However, unlike
the global DEFINE, a distinction is made between the energy produced by households from activities
within the home, such as heating and the use of electrical appliances, and the energy used in produc-
tion, which includes all other final energy use. This distinction helps us isolate energy use in homes,

12UK territorial emissions make up approximately 1% of global emissions (ONS 2025)
13This will be something to include in future extensions of the model.
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which is mostly independent of economic activity from other energy use. Household energy use in
homes is a relatively large proportion of final energy use within the UK, so this extension allows us
to consider more directly the role of households in UK energy use and also allows us to look at policy
scenarios that directly target the household sector.

Rather than directly distinguishing between fossil fuel and non-fossil fuel energy, as is the case
within the global DEFINE model, the model instead distinguishes between electric and non-electric
energy. This distinction is consistent with country-specific ecological models such as EUROGREEN
(D’Alessandro, Cieplinski, et al. 2020). Electric energy refers to all energy drawn from the electricity
grid, whereas non-electric energy refers to all other energy use such as the direct burning of fossil fuels
in vehicles or houses. Electric energy can be provided by either fossil fuel or non-fossil fuel sources,
whereas non-electric energy is assumed to be entirely fossil fuel based. This allows the model to more
directly assess the transition of the electricity grid towards non-fossil fuel sources and the impact of
electricity, including the price of electricity, on the wider economy.

The total energy use (F) is calculated as the sum of the energy use from production (Ep) and
the energy use from housing (Fp) (Eq.(1)). The energy use for production (Ep) is the product of
overall economic activity, represented by the real gross output of production (GOpg) and the energy
efficiency of production (€). The total use of household energy (Ep) is given by the sum of household
electrical energy (Frrpcpm) and non-electrical energy (EngrLEcH)-

Ey = Ep; + Eyy (1)
Epi = ¢,GOppry (2)
Eut = Ferecut + ENELECH! (3)

The total electrical energy (Eprpc) is the sum of the electrical energy related to production
(Egrecp) and electrical energy related to housing (Erprpcm) (9). The maximum electrical energy
(Eprecmax) that can be generated is given as the sum of the capital efficiency of the fossil fuel and
non-fossil fuel energy (EF Fpp & EF Fypr) multiplied by the respective real capital of fossil fuel and
non-fossil fuel power capital (Kpsrrr & Kpsnrrr) (Eq. (5)). In this context, the efficiency param-
eters capture several properties, including the average capacity factor, defined as the ratio between
average electricity production to maximum electricity production (Bolson et al. 2022), technological
improvements to electricity production, the conversion between monetary capital value and electrical
energy production and implicitly the operating hours of power plants. Fossil fuel efficiency is set as
a constant; this is due to UK fossil fuel sources being almost entirely gas-fired power plants which
have limited scope for further energy efficiency improvements, with these plants already operating at
almost 80% of Carnot efficiency'* Non-fossil fuel efficiency can and will change over time and this
process is described by Equation (17). It is worth highlighting that in general, the non-fossil fuel
capital efficiency is lower than the fossil fuel capital efficiency, mainly due to the variable nature of
renewable energy production, leading to a lower capacity factor for non-fossil fuel capital. This means
that, as is common in the environmental literature (Hirth and Steckel 2016), non-fossil fuel electricity
production is more capital intensive than fossil fuel production.

Eerect = Eerecpt + EELEcH! (4)

Egrecvaxe = EFFrrKpsprre + EFFNpriKpSNFRRE (5)

Non-fossil fuel electricity is assumed to be used prior to fossil fuel electricity to meet electricity
demand. This is due to the cost of non-fossil fuel energy production being primarily the initial cost
of capital Timilsina (2021), such that the marginal cost of non-fossil fuel power production is low
resulting in it always being able to offer a competitive price to energy markets when compared with
fossil fuel electricity generation . Therefore, the output of non-fossil fuel electricity (EprponrFr) is
equal to its maximum generation capacity (i.e. EFFyppiKpsnprr) until the point where its capacity
is greater than the total electricity demand (Egrrct) (Eq. 6). The constant ogrpe is included in Eq.
(6) , where this constant is slightly lower than one, in order to capture the effect that even in a full

M Carnot efficiency refers to the theoretical maximum efficiency of a heat engine.
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non-fossil fuel energy transition scenario it is likely that a small proportion of electricity will not be
able to be provided by non-fossil fuel sources due to weather effects or unexpected short-term increases
in electricity demand. Fossil fuel electricity (Egprporr) then covers the remainder of electrical energy
demand (Eq. 7), this means that even though the efficiency of fossil fuel generation is higher than
that of non-fossil fuel generation, fossil fuel capital tends to be underutilised, with fossil fuel sources
only being used when electricity demand cannot be satisfied by non-fossil fuel sources.

Eprecnrre = min(Eprepctoprec, EFENpriKpsNFFRE) (6)

Eegrecrrt = EeLect — EELECNFFt (7)

The demand for electrical energy from production (Eprpcp) is based on the intensity of the
electricity demand for the production energy (6p) multiplied by the total energy demand for production
(Ep). The electric energy of houses (Egrrcm) defined in Eq. (9) is based on the number of houses
under different classifications: inefficient houses (H) efficient non-electric houses (Hgy) and efficient
fully-electric houses (Hgg). These different house classifications have been constructed in the UK
based on Energy Performance Certificate (EPC) data (UK Department for Levelling UP, Housing
& Communities 2025). Inefficient houses have an EPC rating of D or below, reflecting low energy
efficiency within these houses. The other two categorisations are houses with an EPC rating of C or
above, reflecting much higher energy efficiency and fully-electric houses are those where the primary
energy source of the house is electric as opposed to a gas boiler as is common in most UK houses.
Therefore, in Eq. 9 only a portion of the energy demand of inefficient and efficient non-electric houses
is electricity based, whereas all energy demand of efficient electic houses will be electricity based. In
this equation, the 0’s represent the energy efficiency of houses of each type, while the value Bgrpomn

reflects the proportion of use of electric energy in non-fully electric houses'®.

Eerecpt = 0piEpt (8)
Eprecut = OurHn +0ueNnHent)BerecH + OnpeHER: 9)

The total non-electrical energy (Enxgrpc) is the sum of the non-electrical energy related to pro-
duction (Enxgrpcp) and the electrical energy related to housing (Exprpcm) (12). The demand for
non-electrical energy from production (Enxgrecp) is defined as the proportion of energy for produc-
tion not provided by electric sources (1 — #p) multiplied by the total energy demand for production
(Ep). The non-electric energy of houses (Enxprpcm) defined in Eq. 12 is calculated similarly to Eq.
9 with the remainder of inefficient (Hy) and efficient non-electric (Hgy) energy demand being drawn
from non-electric sources.

Enerect = (Engrecpt + ENELECH?) (10)
Enerecpt = (1 —0py)Epy (11)
Exprecut = OurHn + 0uenHent) (1 — BerecH) (12)

A.1.2 Emissions

The total greenhouse gas emissions (EM1S) are split into emissions from non-electric sources (EMISNELEC)
and electric (EMISgrrc) sources (Eq. (13)). Emissions from non-electric energy, which is assumed to

be entirely fossil fuel based, is calculated as the product of non-electric emission efficiency (wyprpc)

and total non-electrical energy use (Exgrec) (Eq. (14)). The emissions of the use of electric energy

is then calculated as the product of the efficiency of electric emissions (wgprpc) and the provision of
fossil fuel-based electrical energy (Egrecrr) (Eq. (15)).

EMIS; = EMISNELEct + EMISELEC: (13)

EMISNELECt = WNELECtENELECH (14)

15Relating to common electrical uses from household white goods etc.
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EMISgrEct = WwELECtEELECFF! (15)

These equations are highly aggregated, so the model cannot look at changes within the non-
electrical energy mix nor changes to the fossil fuel electricity energy mix. The latter is justified for
the UK somewhat by the dominance of gas generation and little scope to green fossil fuel electricity
production (aside from moving to non-fossil fuel sources). On non-electric energy, again the model
cannot look at changes to the energy mix, in the time period of the model scenarios (around 10 years)
this is somewhat justifiable; however, there are important technological changes that could be ignored
here such as low carbon hydrogen which is a focus of UK government policy (UK Department for
Energy Security and Net Zero 2021). Such technologies are still in their infancy in the UK and there
is limited reliable data or projections to assess them directly at this stage; if this changes then the model
could be expanded to consider hydrogen and other non-electric energy use more explicitly. Therefore,
for the purposes of this model, the aggregated form of non-electric and electric emissions is sufficient
and it is possible to implicitly capture technological improvement through efficiency parameters, which
will be described in the next set of equations.

A.1.3 Ecological efficiency and technology

This section now presents the ecological efficiency and technology parameters that are the key channels
through which macroeconomic variables and policies impact the ecological side of the model. For the
following five equations, logistic equations have been employed in all cases. The use of logistic functions
here allows the model to account for learning processes and positive spillover effects while also allowing
the setting of theoretical maximum and minimum values for many of these efficiency-based parameters,
in line with UK projections!'® in a way similar to the global DEFINE model (Dafermos and Nikolaidi
2022).

The energy efficiency of production (¢) is driven by the ratio of green productive capital to conven-
tional productive capital, the higher the use of green capital, the less energy is required per unit of real
output, reflected by a reduction in the value of € (Eq. (16)). The efficiency of non-fossil fuel electricity
production (EF Fypp) is variable and is reduced according to the ratio between non-fossil fuel and
fossil fuel energy production (defined as Sypr) (Eq. (17)). It may seem counter-intuitive that this
efficiency value falls as electric energy production rises, in reality there are two effects occurring at the
same time, a positive technological effect and a negative capacity volatility effect. For technological
change, greater use of non-fossil capital, along with general exogenous efficiency improvements to the
technology, would be expected to increase non-fossil fuel efficiency over time. However, in the short
term this is likely to be smaller than the negative impact of higher non-fossil fuel electricity production
resulting from non-fossil fuel energy sources including renewable energy which generates intermittent
electricity based on weather conditions; as the prevalence of non-fossil fuel electricity increases, it is
expected that this intermittence will result in a higher frequency of periods where non-fossil electricity
is effectively wasted, thus reducing the average capacity factor of non-fossil fuel electricity production.
This is calibrated based on recent data on non-fossil fuel electricity production in the UK which sug-
gests a negative relationship between the proportion of non-fossil fuel capital in the energy mix and
it’s efficiency level. This implicitly assumes no major technological changes to electrical energy storage
in the UK, which could mitigate against this effect. Furthermore, changes to the non-fossil fuel energy
mix, such as an increase in nuclear electricity generation, would mitigate against this issue. Within
the period of the model scenarios, the nuclear plant “Hinkley Point C” is set to become operational,
although it should be noted that this plant has already been delayed by over 5 years and may face
further delays. Although the model will not explicitly look at the shift in energy mix resulting from
this nuclear project, Eq. (17) has been parametrised to be less pessimistic than past UK data would
suggest, in order to partially account for this development.

The proportion of electrical energy used in the production process (fp) is driven by the ratio of
green productive capital to conventional productive capital, the higher the use of green capital, the
greater the use of electricity in the productive process, reflected by an increase in the value of € (Eq.

For the importance of these processes in energy systems and renewable energy technologies, see Kahouli-Brahmi
(2009) and Tang and Popp (2016)
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(18)). The intensity of emissions from non-electric energy production (wygrrc) is driven similarly
by the ratio of green productive capital to conventional productive capital with a greater use of green
capital resulting in a lower intensity of emissions (Eq. (19)).!7 Finally, the emission intensity of
electric energy production (wgrgc) reduces based on the ratio between non-fossil fuel and fossil fuel
energy production (Byrr) (Eq. (20)). This captures the merit-order effect!® resulting in a fall in
average emissions of fossil fuel electricity production as their is greater non-fossil fuel penetration in
energy markets.

<€max - 6min)
(mer1(KpGi-1/Kpci-1)) (16)

EFFma:C - EFszn

€t = €min T

EFFNppy = EFFom + 7r2ef‘i25NFFt71 (17)
Ope = Wse—RSKPGltl/KPCtl (18)
WNELECt = Wnemin + W:’;i";{a;G; ijfl(e:zil (19)
WELECt = Wemin + Yemaz _ Yemin (20)

T5efsBNFFi—1

A.2 High level macroeconomic variables

The macroeconomy in the model is made up of several sectors that interact with each other through
monetary and financial relationships. The sum of these interactions generates high-level macroeco-
nomic variables, in particular the gross domestic product (GDP) and the total level of employment.
This section will describe these high-level variables before looking at the individual sectors in the
following sections.

Total GDP is defined following the expenditure approach as consumption (CONS), plus gross
capital formation (GCF), plus exports (EX P) minus imports (IMP) (Eq. (21)), with consumption
being the sum of household (CON Sy ) and government (CON Sgyr:) consumption (Eq. (22)) and
gross capital formation being the sum of the capital formation of households (GC Fy ), non-financial
corporations (GCFnpc¢), the power sector (GCFpg) , and the government (GCFgyr) (Eq.(23)). By
defining GDP in this way, it is implicitly assumed that the economy’s output is driven by demand, in
line with post-Keynesian tradition (Palley 1996; Lavoie 2014; Hein 2023). Total gross output in the
economy!? (GO) is defined as the sum of gross output for the two input-output sectors in the model;
gross output from production (GOp) and gross output from the power sector (GOpg).

While high level macroeconomic variables are demand determined there are supply constraints
in the model. The role of supply in post-Keynesian analysis is often under-emphasised when com-
pared to demand. This may be in part in opposition to the fully supply-determined approach of
many main macroeconomic models such as DSGE and CGE approaches, although it is also due to the
post-Keynesian argument that supply-side factors, such as technology and productivity, will respond
to some extent to demand pressures (Stockhammer 2023). Setterfield (2023) argue that supply side
constraints can and should be integrated into post-Keynesian macroeconomic models and Stockham-
mer (2008) show how post-Keynesian inflation theory introduces a form of labour supply constraint.
Furthermore, ecological macroeconomic models such as EUROGREEN and DEFINE (D’Alessandro,
Cieplinski, et al. 2020; Dafermos, Nikolaidi, and Galanis 2017) both include a form of supply con-
straints. There are several areas where supply will constrain the model, most notably through the
relationship between prices and employment. However, the model does not feature a non-accelerating

7This effect is however relatively small and there are only marginal reductions in non-electric emission intensity
possible within the model, this is in line with past UK data and the current UK energy mix which is predominantly oil
(petrol) and gas based.

18 As lower cost non-fossil fuel energy sources expand this changes the order in which power plants are dispatched to
meet energy demand with the least efficient, most costly, plants ceasing their operations first

9Tncluding intermediate inputs to production.
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inflation rate of unemployment (NAIRU), which is often assumed in mainstream macroeconomic ap-
proaches. As output can also expand the supply constraint, lower unemployment, despite leading to
higher wages, is not necessarily inflationary. This is in line with criticisms of the NAIRU by Storm
and Naastepad (2011), with the model rejecting the binary trade-off between unemployment reduction
and controlling inflation.

GDP, = CONS, + GCF, + EXP, — IMP, (21)
CONS; = CON Sy + CONSavr (22)

GCF, = GCFypcy + GCFpsay + GCFayry + GCFam, (23)
GO, = GOpy + GOpg, (24)

Real GDP (GDPg) is defined as real consumption (CONSg), plus real gross capital formation
(GCFR), plus real exports (EX Pr) minus real imports (IMPgr) (Eq. (25)). Real consumption,
gross capital formation, and gross output are all defined as their nominal values divided by the overall
production price deflator (Pp) (Egs. (26), (27) & (28)). A point to highlight here is that in general the
model behavioural equations are presented in nominal terms and then converted to real values through
prices. There are several reasons for taking this approach, the first is pragmatic, the “raw” national
accounting data is nominal and requires the calculation of some deflator to convert to a real series,
this approach allows us to work more with actual observed data and rely less on price calculations.
However, there is also a theoretical reason to do this, based on the post-Keynesian tradition, money
is not neutral and nominal changes will impact real outcomes (Asensio et al. 2012; Lavoie 2014).
This is particularly important for the implementation of supply constraints in the model, where the
distinction between nominal and real variables allows real variables to be constrained through prices.
This interaction facilitates a model that is demand-determined, in line with post-Keynesian tradition,
while also being supply constrained through prices, which better reflects the structure of individual
economies.

GDPry = CONSg; + GCFpy + EX Pry — IM Pr, (25)
N
CON S, = TIN5 (26)
Ppy
F,
GCFp = GCH (27)
Ppy
GO,
— 2
GOpy 2 (28)

Overall (quarterly) GDP growth (g) is then defined based on its change between period ¢ and ¢ — 1
(Eq. (29)). While the overall GDP price deflator (P) is defined as the ratio between nominal (GDP)
and real (GDPr) GDP (Eq. (30)).

GDP,
_ 9
9= GDP,_, (29)
GDP,
P =
T GDPg (30)

Turning to supply within the model, the model employs a Leontief-type production function for
both labour and capital. Therefore, the productivity of both labour and capital must be defined within
the model. Labour productivity per worker () is set as a function of real growth GDPg as a Kaldor-
Verdoorn relationship (Kaldor 1975), while also including the growth of real productive investment
(excluding housing investment) as an additional factor of productivity growth a la Thirlwall (2007)
(Eq. (31)). This allows the model to account for demand-driven productivity growth as per the post-
Keynesian tradition, while allowing productive investment to have an additional positive impact on
the growth of productivity through capital deepening. Real capital productivity () is defined as a
constant based on it’s initial value (Eq. (32)), this is a reasonable assumption as the implied value of
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real; capital productivity in the UK is mostly constant over past data. This implies that the capital
constraint in the model can only be moved through investment in new capital.

AL); = ®otambda + tambda A(L(GDPry)) + 021ambda A(L(GCFry — GCFrpre))) (31)
AVt =0 (32)

Employing the Leontief-type production function for labour leads to the definition of total employ-
ment (EMP) as equal to real GDP (GDPp) divided by labour productivity per worker (Eq. (33)).
Employment is then split between public- and private-sector employment. Public sector employment
(EM Ppyp) is effectively a policy variable, for the model it is assumed that the size of public sector
employment, relative to the size of the labour force (LF'), is constant and therefore public sector em-
ployment grows based on the growth rate of the labour force (Eq. (34)). The remaining employment
is covered by the private sector such that private sector employment (EM Pppr) is defined as total
employment minus public sector employment (Eq. (34)).

GDP
EMP, = h (33)
¥
LF,
EMPpyp; = ——EMPpyp (34)
LF; 4
EMPpgriy = EMP, — EM Ppyp: (35)

Now to define the supply constraint explicitly, real full employment GDP (GF Prrg)?° is equal
to the total labour force (LF') multiplied by labour productivity (\) (Eq. (36)). Real full capital
utilisation GDP (GDPgrri)?! is equal to the total real productive capital (K pg) multiplied by capital
productivity () (Eq. (36)). Taken together, these two constraints generate the maximum real GDP
(GDPrprax) which is defined as the minimum of these supply constraints (Eq. (38)). This is similar to
the approach taken in the DEFINE model (Dafermos, Nikolaidi, and Galanis 2017), where maximum
GDP is the minimum of several seperate supply side constraints.

GDPrpp: = M\ LF; (36)
GDPrrii = 1 Kpre (37)
GDPRMAXt = min(GDPRFEt, GDPRFKt) (38)

Both the labour force (LF)?? and the total population (POP) are driven exogenously based on
data from the Office for Budget Responsibility (OBR 2025) (Eqgs. (39) & (40)). The employment rate
(re) is defined as the total number of people employed (EM P) divided by the labour force (LF') (Eq.
(41)) with the unemployment rate (ru) being defined as the remainder (Eq. (42)). The utilisation
rate of capital (u) is then defined as the ratio between real GDP (GDPg) and capital determined
maximum GDP (GDPrrk) (Eq. (43)).

LF; = grroBrLFi—1 (39)
POP, = POPpppy (40)
EMP,;

= 41

= IR (41)

rur =1 —rey (42)

vy GDPri 43)
GDPrrit

20This is the labour supply constraint.

21This is the capital supply constraint.

22The labour force is defined as adults who are willing and able to work and is the sum of all employed and unemployed
people.
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A.3 Production

This section will focus on how the production modules behaves within the model. A key challenge
that is faced is that production is not isolated to a single sector with this problem exacerbated by a
lack of sufficient whom-to-whom data.?® To address this, the production module is defined separately
from any one model sector. The production module is therefore initially defined as the destination of
all GDP expenditure flows and the origin of all GDP income flows.?

This would be sufficient if were there no input-output relationships to model; however, we have
chosen to separate the power generation sector in order to better consider it’s relationship with the rest
of the economy and it’s role in a green transition. This again raises a similar issue to that of production;
industries, as defined within input-output tables can span across multiple accounting sectors and are
not only based within the non-financial corporation sector. This issue is highlighted by Thomsen
et al. (2025) where the authors find that a third of agricultural gross value added is attributed to
the household sector in Denmark. Fortunately, in the case of the UK, the power generation sector
is largely privatised and thus can be assumed to be a part of the wider non-financial corporation
sector. Therefore, when separating the power sector, it is possible to simply reduce values within
the non-financial corporation sector to account for the removal of power sector firms from the wider
non-financial corporation sector and this is the approach that will be taken for this model.

Separating the power sector now also means that the production module no longer contains all
GDP income and expenditure flows as consumption of electricity will now be an inflow to the power
generation sector. In this simple input-output extension the production module and power sector are
considered as two industries where the production module, by definition, contains all industries apart
from the power sector.

A.3.1 Domestic production module

The majority of production occurs within the domestic production module. The final demand for
production products (Fp) is equal to the household consumption of production products (CON Sy gp),
the total consumption of the government (CON Sgyr) and the exports (EX P) minus imports (/M P)
(Eq. (44)). The real final demand for production products (Fpg) is then given as the sum of the
real components of the final demand (Eq. (45)). The real gross output of the production (GOpgr)
sector is then calculated from the coefficients of the Leiontief inverse matrix multiplied by the real
final demand for the two input output sectors in the model (Eq. (46)). Nominal gross output from
production (GOp) is then derived by multiplying the real gross output of production (GOppg) by the
production price deflator (Pp) (Eq. (47)). Total input costs of the production module (COSTp)
are defined as the sum of total wages (W), indirect taxation on production (ITAXp), intermediate
consumption of production products (ICpp) and intermediate consumption of power sector products
(ICpsp) which is predominately electricity used for production (Eq. (48)).

Fpi = CONSgpi + CONSgyre + GOF, + EXP, — IMP, (44)
Fpm = CONSyppe + CONSeyrm + GCFry + EX Pry — IM Pry (45)
GOprt = LppiFpri + LppsiFpsry (46)

GOpy = GOpRriPpy (47)

COSTp; = W, + ITAX py + ICppy + ICpspr (48)

The production price deflator (Pp) is defined based on a simple mark-up (MU) over the unit
costs (UC) in the previous period (Eq. (49)).25 Unit costs (UC) are defined as the total nominal

23For example there is data for both household and government consumption outflows but a lack of data for con-
sumption inflows. In national accounts final consumption includes the purchase of goods and services from the private
sector but also includes items such as governments consumption of its own products or households derived services from
owner-occupied dwellings. For a similar assumption, see F. Zezza and G. Zezza (2022).

24it is important to note that the production module is not a sector in the traditional sense, it does not hold any
financial assets or liabilities.

25This is consistent with the post-Keynesian approach of analysing prices as primarily a mark up on costs (see Lavoie
(2014))
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cost of production divided by the real output of production (GOpgr) (Eq. (50)). The mark-up
(MU) itself varies according to the capital capacity utilisation rate (u) (Eq. (51)). This partially
addresses a common critique of fixed mark-up pricing?® which posits that the mark should vary based
on macroeconomic conditions. Capacity utilisation serving as a driver of price mark-ups is similar
to country models such as EUROGREEN (D’Alessandro, Cieplinski, et al. 2020). However, unlike
EUROGREEN, the definition of the mark up means that if capacity utilisation falls, firms will reduce
their mark-ups in an attempt to attract more customers and restore their rate of capacity utilisation.

Ppy = (1 + MU)UC,, (49)
 COSTp,

Ve = 0 (50)

MUt = O[MU(’LLt_l) (51)

The production sector is the source of all wage payments to workers in the model, including all
public sector and private sector wages. A part of government consumption (CONSgVT) includes
public sector wages and this is simply distributed through the production module. Power sector wages
are also paid through the production module as these are relatively small, this means that part of the
intermediate consumption of the power sector for production products is made up by power sector
wage payments to their employees.

The wage share (Wg) is defined as the total wage bill divided by GDP. The wage share evolves
based on an econometrically calibrated equation where it depends negatively on the unemployment
rate (ru) in the long run while also having a negative short-run relationship with recent changes in the
wage share and a positive short-run relationship with changes in the unemployment rate, these two
short-run parameters capture a wage stickiness and acceleration effect, respectively (Eq. (52)). The
dynamics of the wage share follow the approach of the global DEFINE model (Dafermos, Nikolaidi, and
Galanis 2017) although build on this approach by allowing for wage rigidities through the dynamics
of Eq. (52). This is consistent with the analysis of Stirati and Paternesi Meloni (2021) where a
‘structural’ Phillips-type relationship is found between the unemployment rate and the wage share.
The wage rate (Wg), or wage per employee, is defined as the total wage (WsGDP) divided by the
total number of employees (EMP) (Eq. (52)). The wage rate is marginally different for public and
private sector employees, with employees in the private sector receiving slightly more on average in
the UK. Therefore, the respective public (W Rpyp) and private (W Rpgrr) wage rates are defined as
multiples of the total wage rate (Eqs. (54) & (55).27

AWt = aows — ewr(Wst—1 — cawsrui—1) — SiwsAWsi—1 + dawsArug—q (52)
WR, = Wgﬁf}ﬁ: )P : (53)

WRprit = BwrpriW Ry (54)

WRpuBt = BwrruW Ry—1 (55)

Wprit = WRpritEM PpRriy (56)

Wpupt = W RpuptEM Ppy gt (57)

Wi = Wprn + Wpupst (58)

Non-electrical energy prices and costs are also defined within the production module, as the power
sector only covers electrical energy, with these values having a behavioural impact on proportions of
green investment within the model. The price of non-electric energy (Pvgrec) is defined as a fixed
mark-up over the prices of gas (Pgas) and oil (Poyyr,), with the proportion of these different fuels in the
non-electric energy mix being assumed to remain constant during the simulation period (Eq. (59)).

26Such as Halevi (2016)

2"Note that the public wage rate is based on the lag of the overall wage rate, this is due to public wage rates directly
determining the level of government consumption, which is a component of GDP, therefore this must be lagged to avoid
a circular dependency between equations.
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Gas and oil prices are assumed to be based on global prices and are therefore exogenous to the model,
growing according to OBR forecasts (OBR 2025). The price of non-electric energy including taxes
(PnprLecT) is given by adding the indirect tax per unit of non-electric energy (ITAXNerLEc/ENELEC)
to the non-taxed price of non-electric energy (Eq.(60)). The price of fuel (Ppy 1) which the production
sector sells to the power sector is set as proportional to the wholesale price of gas, reflecting that fossil
fuel electricity generation in the UK is now entirely gas-based (Eq. (61)). The total cost of non-electric
energy (COSTNELEC) is given as the price of non-electric energy (Pygrrpc) multiplied by total non-
electric energy use (Engrec) (Eq. (62)). The real total cost of all energy use in the economy,
including energy taxes, is given as the sum of the cost of non-electric energy (COSTNELEC), the total
tax paid on non-electric energy use (ITAXNprpc), the final consumption of electricity by households
(CON Sumps and the intermediate consumption of electricity by the production module (ICpgp); all
divided by the level of production price (Pp) (Eq. (63).

Pnerect = anerec(BNeLEccasPaast + BNerecorLPorrt) (59)

ITAX
PnErLectt = PNELECE + %ELEC?& (60)

NELECt
Pruer: = apruerPaast (61)
COSTNELECt = PNELECtENELECt (62)
COST, ITAX CONS IC
COSTpr — NELECt t+ NEL]];ECt + gEPSt T 1CUpspy (63)
Pt

Productive capital (Kp) in the model is defined as all non-housing capital so is given by the total
capital stock of non-financial corporations (Kyrc) and the government (Kgyr) (Eq. (64)). For both
NFCs and the government, the productive capital is divided into green and conventional capital stocks
with the total green (Kpg) and conventional (Kpc) defined as the sum of the respective green and
conventional NFC and government capital stocks (Egs. (65) & (66)). Real productive capital levels
are defined similarly on the basis of the real NFC and government capital stocks (Egs. (67), (68) &
(66)). The depreciation of productive capital (dxp), which is assumed to be the same rate for NFC
and government capital, is constant (Eq. (70)). As described in the Energy Efficiency and Technology
Section, the ratio between green and conventional capital is a key driver of energy efficiency and
emission reduction within the model. This follows the approach of Dafermos, Nikolaidi, and Galanis
(2017) and means that decarbonisation requires a certain level of investment. However, there is no
explicit innovation process that governs energy efficiency, as is the case for the EUROGREEN model
(D’Alessandro, Cieplinski, et al. 2020).

Kpi = Knret + Kavrt (64)
Kpai = Knroat + Kavrat (65)
Kpci = Knreer + Kavrot (66)
Kprt = Knrert + Kevrre (67)

Kpcrt = KnroGrt + Kavrere (68)
Kport = Knreore + Kavrore (69)
Ok Pt = Okpe (70)

A.3.2 The power generation sector

The power generation sector is the other input output sector outside of the production sector, which
is involved in the input-output system. This sector is defined as the industry ‘Electricity, gas, steam
and air conditioning supply (D.35)" in the ONS input output tables. The final demand for products
from the power sector, which is assumed to be completely electricity demand (Fpg) is equal to the
household consumption of electricity (CONSymrps) (Eq. (71)). The real final demand for power
sector products (Fpp) is then given as the sum of the real value of household consumption (Eq. (72)).
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The real gross output of the power (GOpspr) sector is then calculated from the coefficients of the
Leiontief inverse matrix multiplied by the real final demand for the two input output sectors in the
model (Eq. (73)). Nominal gross output of the power sector (GOpS) is then derived by multiplying
the real gross output of the power sector (GOpgr) by the price of electricity (Pgrec) (Eq. (74)). The
total input costs of the power sector (COSTpg) are defined as the sum of indirect taxation on the
power sector (IT AXp), intermediate consumption of production products (ICpgp)?® and intermediate
consumption of products of the power sector (/Cpspg) which is predominantly electricity used within
the electricity production process (Eq. (75)).

Fpsi = CONSHupst 71

72
73
74
75
76

Fpspe = CONSunpsre
GOpsrt = LpspiFprt + LpspsitFpsri
GOpst = GOpsriPELECt
COSTpsy = ITAXps: +ICppst + ICpspst

(
(
(
(
(
GOSpsi = GOpsy — COSTpg; (

)
)
)
)
)
)

The power sector generates electricity from both fossil fuel (Errpcrr) and non-fossil fuel (Egrponrr)
sources. The ratio between non-fossil fuel electricity and total electricity (Bnrr) is defined in Eq. (77).
The total operating cost for non-fossil fuel energy production (COSTpsnyrr) is defined as the total
indirect taxes on non-fossil fuel energy production (ITAXpsnrr), a share of the non-fossil fuel based
intermediate consumption, with the share assumed to be proportional to the amount of non-fossil fuel
energy in the energy mix (Syrp) and the total depreciation of non-fossil fuel capital (0x psKpsnrr).
(Eq. 78). The total operating cost for fossil fuel energy production (COSTpsrr) is defined similarly
except all intermediate consumption for fuel production (ICpygrps) is attributed to fossil fuel gen-
eration costs (Eq. (78)). The average costs of non fossil (ACnrr) and fossil (ACpp) electricity are
then defined based on their total costs divided by the share of the respective energy source multiplied
by the real output of the power sector (GOpsgr) (Egs. (80) & (81)).

FE
I EELECNFFt (77)
ELECt
COSTpsnrrt = ITAXpsnrrt + (ICpspst + I1Coppst) BNFFi—1 + Ok Pst KpsNFFi—1 (78)
COSTpsrrt = ITAXpsrrt + ICruELPst + (ICpspst + ICoppst)(1 — BNFFi—1) + Ok Pst Kpsrri—1
(79)
COSTpsNFF:
AC = 80
NEEE ™ GOpsmBNFFt (80)
coOST
ACpp; = PSFFt (81)

GOpsri(1 — BNFFt)

Although average costs are tracked in the model, electricity prices are set on the basis of marginal
costs, where the electricity price is driven by the cost of producing an additional unit of electricity. This
better replicates how electricity is priced in reality within the UK (Stirati and Paternesi Meloni 2021)
and has a significant impact on the behaviour of the model. Therefore, the marginal cost of fossil fuel
electricity production (M Crp) is defined based on the variable costs of fossil fuel production: the cost
of fuel input ICryErps and the cost of emissions due to emission pricing COVgrspsPersEMISELEC
divided by the total fossil fuel electrical energy Erprpcorr, where COVgrgpg is the coverage of the
carbon price over the sectoral fossil fuel output?® and Pgrg is the carbon price (Eq. (82)).3° For

28This includes wages paid to employees in the power sector and any imports of the power sector.

29This is generally less than one due to exemptions and free carbon credits provided to firms.

39This equation form assumes that the relationship between fossil fuel inputs and fossil fuel electrical output is
constant, while this is unlikely to be the case in reality it is a fair assumption for modelling purposes.
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non-fossil fuel generation, there is no fuel input or emission tax, so it is assumed that the marginal
cost of non-fossil fuel electricity production is effectively zero, as pointed out by Heal (2022).3!

Now, these two marginal costs must be used to define the total marginal cost of electricity that
will drive the electricity price. Given that the marginal cost of fossil fuels is always higher than that
of non-fossil fuels, one approach would be to define the marginal cost of electricity as equal to that
of fossil fuels until a full non-fossil fuel transition is achieved. However, this would be misleading
for several reasons. The first reason is that energy demand and the energy mix vary significantly
over time, this volatility means that at around 60-70% non-fossil energy production it becomes likely
that, at least temporarily, the electricity grid will be supplied by entirely non-fossil sources. This
is supported in the case of the UK by Carbon Brief (2024) where it is observed that the share of
electricity in the UK generated from fossil fuels fell to a record low of 2.4% on April 15th, 2024,
this is despite average yearly fossil fuel electricity generation still accounting for around 40% of total
electricity generation. This brings the UK National Grid Electricity System Operator (NGESO) closer
to their goal of running the UK electricity network without fossil fuels, for short periods, by 2025 a
goal they are confident of reaching (Carbon Brief 2024). Given that wholesale electricity prices in the
UK adjust every 30 minutes, even an hour of fully non-fossil electricity production could significantly
lower electricity prices temporarily. To account for this the model employs a non-linear relationship
where, as the proportion of non-fossil fuel electricity provision rises, the marginal cost of electricity
production falls, accounting for greater frequency of fully non-fossil fuel based electricity production,
this non-linear relationship is described in Eq. (83).The price of electricity (Prrrcrr) is then set
based on a fixed mark up over the marginal cost of electricity production (Eq. (84)).

ICrueLpst + COVerspsiPErsiEMISELEC:

MCFrr: = i (82)
ELECFFt

MCgrLEct = MCrppi(1 — BNppg)MOPLEC (83)

Perect = 1+ MUgLec)MCiLECt (84)

Unlike the production module, the power sector is an asset holding sector with a sectoral net-
lending and net worth positions, it therefore holds assets, has property income and it’s own fixed
capital formation. This reflects one the innovations of this model, as most models with input-output
sectors, even when they follow a stock-flow consistent approach (such as D’Alessandro, Cieplinski,
et al. (2020) and Thomsen et al. (2025)), generally do not include financial balances for the individual
input-output sectors, choosing instead to consider these balances at the aggregate firm level. This
is due mainly to data availability issues as financial balance data is far less disaggregated than the
input-output flow data. This is an issue in the UK as well, however by using available data on the
loans to the power sector, and assuming the power sector stocks are a fixed proportion, based on said
loans, it is possible to approximate a financial structure for this sector. While such an approximation
is unlikely to be fully accurate, it does allow the model to consider changes to financial balances for
this sector and financial constraints at the sectoral level. However, it does increase model complexity
and following this approach makes it more difficult to expand the input-output structure of the model
which, for full SFC-IO models, can include a large number of different input-output sectors.

Interest payments to the power sector are based on respective rates of return on interest bearing
assets (IBAP9) and interest bearing liabilities (IBL") (Eqs.(85)&(86)). Disposable income of the
power sector (Y Dpg) is then defined as the gross operating surplus of the sector plus it’s net interest
payments (Eq. (87)). Dividends received by the power sector (DIV Rpg) are a proportion of the
dividends paid by NMFIs multiplied by the share of PS equity assets among all equity assets (Eq.
(88)). Dividends paid by the power sector are set as a fixed proportion of their gross output (Eq.
(89)). This leaves the retained profit of the power sector (RPpg), to be used for investment, as their
disposable income after accounting for dividend transactions (Eq. (90)ou.

INTRps: =ripapstIBApsi—1 (85)

3'However, as already discussed, capital intensity and capital costs for non-fossil fuel generation are higher than for
fossil fuels, this has practical implications which will be explored in the scenarios and results discussion.
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INTPps; = riprpsiI BLpsi—1 (86)

YDpsi = GOSpsi + INTRpsy — INT Ppg; (87)
EQA
DIV Rpsy = desMDIVPNMF]t (88)
EQLNmFIt
DIV Ppsy = aprvppsGOpsi (89)
RPpg; = Y Dps; + DIV Rpg; — DIV Pps; (90)

The desired investment in fossil fuel (GC Fpgrrp) and non-fossil fuel (GCFpsnrrp) power capital
is based on adjustment processes where there is assumed to be a consistent positive relationship
between real desired investment and overall electricity use. Therefore, following the post-Keynesian
tradition, electricity supply will adjust to meet demand, although investment does take time and
sudden changes in electricity demand can still put pressure on electricity supply. For both non-fossil
and fossil desired investment there is an exogenous component related to the a;aorpps terms which
reflect the level of investment that would occur in the absence of significant cost differences between
non-fossil and fossil electricity provision. The second asgorpps term shows how higher fossil costs
relative to the cost of non-fossil fuel electricity production reduce desired fossil fuel investment while
increasing desired non-fossil fuel investment. Therefore, the decision of whether to invest in non-
fossil or fossil based electricity generation is driven by costs. This is once again consistent with a
post-Keynesian and classical political economy perspective that, ultimately, firms make decisions to
minimise costs (Lavoie 2014; Shaikh 2016) and lower costs result in the anticipation of higher returns
(Qadir et al. 2021). For both forms of investment, the level of investment is based on the share of each
energy type in the energy mix, such that if there is a particularly low share of fossil fuel electricity
production there would be less investment in fossil fuel electricity capital (Egs. (91) & (92)).

GCFpsrrpt
A—— —— = eqcrpsrr | cicerpsrr(1 — BNFFe—1)
EerectPpt
ACFFi-1 GCFpsrrpi—1
— Q2GCFPSFF——~——— (1 — BNFFi—1) — 91
ACNFFi-1 ( t-1) Erreci—1Ppi—1 (O1)
GCFpsNnrrDt
A—————— = €GCFPSNFF | ®1GCFPSNFFBNFFi—1
EgrectPp:
ACFFp— GCFpsNFFDt—
+ 02GCFPSNFF L By ppy_1 — 1 (92)
ACNFFi-1 Egreci—1Ppi—1

Actual fossil fuel (GCFpspr) and non-fossil fuel (GC Fpgnyrr) gross capital formation are subject
to credit rationing where it is assumed that firms seek finance to cover their desired level of investment
and that only a portion of this finance is provided based on the level of power sector credit rationing
(CRps) (Eqgs. (93) & (94)). This allows the model to capture that the availability of credit is a major
barrier to investment in non-fossil fuel energy (Taghizadeh-Hesary and Yoshino 2020) and reflects the
importance of credit constraints highlighted by Dafermos and Nikolaidi (2022). The sum of these two
gross capital formations gives the overall gross capital formation for the power sector (GCFpg) (Eq.
(95)). Real gross capital formation levels are defined by dividing the nominal gross capital formation
by the production price deflator (Pp) (Egs. (96), (97) & (98)). The net-lending position of the power
sector (LEN Dpg) is then defined as the retained profits of the sector minus actual sectoral investment

(Eq. (99)).

GCFpsprt = (1 = CRpsi)GCFpsrrpy (93)
GCFpsnrrt = (1 = CRpst)GCFpsNFFDCO! (94)
GCFpsy = GCFpsnrrt + GCFpsrrt (95)
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GCFpsrt = GCFpsrrrt + GCFpsNFFRe (96)

GCF
GCFpsrrrt = % (97)
Pt
GCF
GCFpsNFFRt = % (98)
Pt
LENDpgs; = RPps; — GCFpg; (99)

Interest bearing (IBAT Rpg) and equity asset (FQAT Rpg) transfers are assumed to equal a fixed
proportion of the gross output (GOpg) of the power sector (Egs. (100) & (101)). Equity liability
transfers (EQLT Rpg) equal a portion of the equity acquisitions of the NMFT sector which is assumed
to hold the counterpart equity assets to all equity liabilities within the model (Eq. (102)). Interest
bearing liability transfers (IBLT Rpg) serve as the residual stock transfer and equal the net transfers
of all other financial assets (Eq. (103)). The residual financial instrument transaction of the power
sector (REST Rpg) grows exogenously as a fixed proportion of GDP (Eq. (104)).

IBATRpsi = arpapsGOpst (
EQATRps; = apgapsGOpst (101

EQLTRps; = O0pss EQAT RN M F1t (

IBLTRpg; = (IBATRpg; + EQATRpg; + RESTRps;) — (LENDps; + EQLTRps;)  (
RESTRps; = npspGDP,_y (104

Other transfers, which include price revaluations and other changes in asset value, are driven in
a variety of ways within the model (Egs. (105) - (108)). Other transfers relating to interest-bearing
assets (OTrpaps) are assumed to follow a fixed exogenous rate, reflecting these assets include safe
assets such as deposits that do not vary significantly based on other model variables (Eq. (105)). Other
transfers relating to equity assets (OTggaps) are given as a portion of the other transfers of NMFI
equity liabilities (OTrQanmrr) (Eq. (106). Other transfers relating to equity liabilities are assumed
to be set such that equity prices are positively related to dividend payments by the power sector while
being reduced by the current interest rate on interest bearing liabilities of the government, which serves
as an approximation for the so-called ‘risk-free interest rate (Eq. (107)). Other transfers relating to
interest-bearing liabilities (OTpps) are relatively large and require some individual attention. Other
transfers of interest-bearing liabilities are mostly made up of defaults on loans, it is therefore assumed
that it’s rate of change is entirely driven by defaults (Eq. (109)). The default rate of the power sector
(DEFpg) is then proportional to the illiquidity ratio (ILLIQpg) where the higher the illiquidity of
the power sector leads to higher defaults (Eq. (110)).

OTrpapst = d1paps(IBApsi—1) (105)
EQApg;—

OTEeqQapst = /desMOTEQLNMFIt (106)

EQLNMFI—1

DIV P,
OTgqLpst = pot — EQLpsi—1 (107)
rieLavTt + BEQLPS

OTrespst = Oresps(RESpsi—1) (108)
OTiprpst = —DEFpgi(IBLpgsi—1) (109)
DEFps; = apprpsILLIQpst—1 (110)

The financial stocks of the power sector develop according to their respective financial transfers
and other transfers (Eqgs. (111) - (114)). Total financial assets and liabilities are defined in Egs. (115)
& (116). Financial assets minus liabilities give the power sector model determined financial net worth
(FNWpsn) (Eq. (117)). The residual financial instrument develops similarly to other financial assets
(Eq. (118)) and is then added to the model determined financial net worth to give the overall power
sector financial net-worth FNWpg (Eq. (119)).
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IBApg; = IBApgi_1 +IBATRps; + OT1BApPSt (111)
IBLpgs; = IBLpsi_1 + IBLTRps: + O1rprpst (112)
EQAps; = EQApsi—1 + EQATRps; + OTggapst (113)
EQLpsi = EQLpsi—1 + EQLTRps; + OTgqLpst (114)
FApsy = IBApst + EQApst (115)

FLpsi = IBLpsi + EQLps: (116)
FNWpsye = FApsy — FLpgy (117)

RESpst = RESpsi—1 + RESTRpst + OTgrespst (118)
)

FNWpsi = FNWpgyi: + RESpg: (119

The capital stock of the power sector is split into fossil fuel and non-fossil fuel capital stock, with the
real value of power capital being used as a proxy for the energy electricity production capacity of both
fossil and non-fossil electricity. The real value of fossil fuel (Kpsrrgr) and non-fossil fuel (Kpsyrrr)
are increased through real gross capital formation, while a portion of the previous periods real capital
stock is lost to depreciation (Egs. (120) & (121). These stocks are summed to give the overall real
capital stock (K pgg) of the power sector (Eq. (122)). Nominal capital stock values are then calculated
by multiplying real capital by the production price deflator (Eqs. (124) - (126)). Power sector net
worth is defined as the sum of net financial and real assets (Eq. (127)).

Kpsrrre = (1 — 0xpst)Kpsrrri—1 + GOFpsprpe (120)
Kpsnrrr: = (1 = dxpst) Kpsnrrri—1 + GOFpsNFFRRt (121)
Kpsrt = Kpsrrrt + KpSNFFRt (122)

dxpst = 0k pPst—1 (123)

Kpst = Kpsnrrt + Kpsrrt (124)

Kpsprt = KpsrrrtPpt (125)

Kpsnrri = KpsnrrriPpt (126)

NWpss = FNWps: + Kps; (127)

The leverage ratio of the power sector (LEVpg) is defined as the ratio between the interest-bearing
liabilities of the sector and the total capital stock of the sector (Eq. (128)). The illiquidity ratio of
the power sector (ILLIQpgs) captures the ratio between cash outflows to cash inflows for the sector
(Eq. (129)). The debt-service ratio of the power sector (DSRpg) is the ratio of disposable income
less depreciation of capital and before interest payments to total interest payments (Eq. (130)). The
level of credit rationing (C'Rpg), which constrains the level of investment of the power sector, depends
negatively on the sectors debt service ratio and positively on the ratio of MFI liabilities to MFT assets
(Eq. (131)). Therefore, credit is constrained both when power sector firms lack sufficient income
to cover their interest payments and also when MFIs (i.e. the traditional banking sector) financial
position worsens.

IBL
LEVpg = ——£5t (128)
Kpsi
[LLIQ B INTPpg; + ITAXpg; + DIV Ppg; + GCFpst + 0k psi K psi /
ot 4 IBATRps; + EQAT Rpg; + ICpps; + ICpsps:
(GOpst + INTRpst + DIVRps: + EQLTRps: + IBLT Rpg:) (129)
YDpsi — oxpstKpsi—1 + INT Pps;
D = 1
SRps; INT Prg; (130)
_ FLypre—
CRpst = aocrps + @1crrsCRpsi—1 — aacrpsDSRpsi—1 + 3crRPS = (131)

FAyrpre—1
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A.3.3 Input-Output Calculations

This section will describe the simple two sector input output system present within the model.3?

The approach taken to input-output relationships is standard, see Miller and Blair (2009) for more
information on input output data and modelling.

The technical coefficients of real intermediate consumption are defined such that some are constant
and assumed to follow a long-term stable relationship, while some vary based on changes in environ-
mental variables (Egs. (132)-(137)). In particular, the technical coefficient of electrical energy use by
production (alphapgp) decreases through lower energy intensity (e;) and increases through greater
electrification of production (6p) (Eq. (133)). The technical coefficient for fuel input into electricity
production (apyprps) is directly related to the share of fossil fuel electricity production in the elec-
tricity generation process (Eq. (136)). The use of technical coefficients for power that vary according
to the energy mix and technological change is similar to the approach taken by the EUROGREEN
model for the energy supply industries (D’Alessandro, Cieplinski, et al. 2020).

Qappt = QPPLR (132)

apspt = €0py (133)

QpsSPst = APSPSLR (134)

QOoPPSt = ®OPPSLR (135)
arveLpst = (1 — BNFFt-1)QFUELPSR (136)
Qppst = QFUELPSt Fruew + aoppst (137)

Ppy

These technical coefficients are then used to calculate the intermediate consumption levels of the
sectors, inter-sectoral intermediate consumption is calculated in real terms and then converted to
nominal intermediate consumption through the respective product price (Egs. (138)-(146)).

ICpsprt = apspiGOPpRy (138)
ICruELPsRrt = aruELPStGOPSRY (139)
ICoppsrt = aopprsiGOpsry (140)
ICppy = appiGOpy (141)
ICpspt = ICpspriPELECH (142)
ICpspst = apspsiGOps; (143)
ICppst = ICFruELPst + ICoppst (144)
ICruELPst = ICFUELPSRIPFUEL (145)
ICoppst = ICoppsrtPp (146)

Finally, the Leiontief coefficients, which are used to calculate real output of each sector are calcu-
lated by taking the inverse of the matrix of technical coefficients. As there are only two input-output
sectors, this can be presented this directly below®? (Egs: (147)-(151)).

detrar = (1 —appi)(1 — apspst)) — ((appst)(apspt)) (147)
(1 — apspst)
L A S e L7 148
PPt = (148)
appst
L = 14
PPSL= Qo (149)

32In this section and elsewhere subscripts are ordered such that the product appears first and the sector receiving the
product is second, therefore aryprps refers to the technical coefficient for the power sector purchasing fuel products.
33These equations describe a simple 2X2 matrix inversion.
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apspt

L = 1
PSPL= g (150)
l1-—o
Lpspst = (L~ app) 7 t}jft) (151)

Although the two-sector input-output system presented here is simple, it would be possible to ex-
tend this to other sectors by adding relevant technical coefficients and then inverting a larger Leiontief
matrix.

A.4 Sectoral Equations
A.4.1 Non-financial corporations

The model utilises a consolidated version of the non-financial corporation sector with the exception of
private firms which are involved in the electricity generation process, which are moved to the power
sector.

The primary income of non-financial corporations (Y Pypc¢) is the sum of the gross operating sur-
plus of the production module (GOSp), interest received (INT Ry pc) minus interest paid (INT Pypc)
(Eq.(152)). The equations for interest payments are based on respective rates of return on interest-
bearing assets (I BAypc) and interest-bearing liabilities (IBLnrc) (Egs.(153)&(154)). NFC dispos-
able income (Y Dypc) is then given as primary income minus income tax (Eq.(155)).

Y Pnrot = GOSpy + INTRNpct — INT Pypcy (152)
INTRNFot = 11BANFCtI BANFOt—1 (153)
INTPNFpct = riBinrFoil BLNFCt—1 (154)
YDnrct =Y Pnpet — INTAXNFct (155)

Dividends received by firms (DIV Ryp¢) are a proportion of the dividends paid by NMFIs multi-
plied by the share of NFC equity assets (Eq. (157)). Dividends paid by firms (DIV Pypc) are given as
a fixed proportion of their disposable income (Eq. (157)). This leaves NFCs retained profit (RPyrc),
to be used for investment, as their disposable income after accounting for dividend transactions (Eq.
(158)).

Banfc EQANFCt
DIVR = 156
P8 EQLNarre DIV Pyarrr (156)
DIV Pxrct = aprvenreY Dnrct (157)
RPNnrct =Y Dnrpcer + DIVRNEc: — DIV Pypcy (158)

NFC gross capital formation demand (GCFnprcop), captures the desired investment level of the
firm sector (Eq. (159)). A Kaleckian approach is followed when estimating this equation, as described
by Blecker (2002) where investment depends positively on both the profit rate and the rate of capacity
utilisation. However, for desired NFC investment, the profit rate of firms was not found to have a
significant impact on desired investment, therefore the investment equation is driven primarily by the
rate of capacity utilisation (u).3* This effectively means that firms will seek to increase investment
levels whenever capital is highly utilised as this is a signal that they require more capital to satisfy
future demand. The actual level of NFC gross capital formation (GCFnp¢) is subject to credit
rationing where it is assumed that firms seek finance to cover their desired level of investment and
that only a portion of this finance is provided based on the level of NFC credit rationing (CRypc)
(Eq. (160).

GCFNFCDt GCFNFCDt—l

= WGCFNFC + 0UGCFNFCUt—1 + Q2GCFNFC—F————— (159)
KNFCt KNFCt—l

31Tt should be highlighted that, while desired investment is not impacted by profits, lower income will reduce NFC
debt-service ratio and increasing the level of credit constraints on the sector, effectively reducing investment through the
financial channel
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GCFnrpct = (1 = CRNpct)GCFNEeDt (160)

The NFC gross capital formation is divided between green and conventional capital, with £,
representing the portion of the gross capital formation allocated to green capital. Green capital is
assumed to be both less energy intensive and favour electricity over direct fuel sources, therefore, the
proportion of green investment is driven by the relative price of electric versus non-electric energy
along with the total cost of energy relative to energy use (Eq. (161)). So, the decision between green
and conventional technologies is primarily based on relative costs along with the overall cost of energy.
The relative cost term that relates non-electic to electric energy prices uses a sigmoid function, in this
case the hyperbolic tangent (Tanh) to reflect that the price elasticity effect is unlikely to be linear,
and as one energy price diverges significantly from the other the impact on the proportion of green
investment would be expected to decline. This ratio then defines the level of green and conventional
capital investment (Eqs. (165) & (166).

P COSTEgR:i—
anct = QQbetaNFC + albetaNFCTanh(M) + a2betaNFC’¢ (161)
Pgrect E;
GCFEnroat = PnfetGCFNECt (162)
GCFnrcct = GCFypey — GCFnFroat (163)

The real levels of gross capital formation are then defined by dividing the nominal levels by the
production price deflator (Pp) (Egs. (166) - (166)).

GCFnrcrt = GCFyroart + GCEFNFoCRt (164)
GCF
GCFnFcGrt = # (165)
Pt
GCF
GCFnrccrt = %Cm (166)
Pt

Non-financial corporation model determined net lending (LENDypcas) is defined as their re-
tained profits less gross capital formation spending (Eq. (167)). The lending discrepancy is driven
exogenously as a portion of GDP (Eq. (168)) with the actual NFC net lending position defined as the
model determined net lending plus the lending discrepancy (Eq. (169)).

LENDNrcmt = RPnrcot — GCFNFct (167)
DISCnrct = nNFeTGD P4 (168)
LENDNpct = LENDNEoym: + DISCnrpcoy (169)

Interest bearing (I BAT Ry pc) and equity asset (EQAT Ry pc) transfers are assumed to equal a fixed
proportion of the gross output (GOp) of the production module (Egs. (170) & (171)). Equity liability
transfers (FQLT Ry pc) equal a portion of the equity acquisitions of the NMFT sector which is assumed
to hold the counterpart equity assets to all equity liabilities within the model (Eq. (172)). Interest-
bearing liability transfers (I BLT Ry pc) serve as the residual stock transfer and equal the net transfers
of all other financial assets (Eq. (173)). The residual transaction of the financial instruments of the
NFC sector (RESTRNpc) grows exogenously as a fixed proportion of GDP (Eq. (174)).

IBATRNFcot = arpanreGOpy (170)

EQATRNFct = apanrcGOpy (171)

EQLTRNrct = (1 — 0psp) (EQATRNMFIL) (172)

IBLTRyrci = (IBATRy e+ EQAT Ry pos-+ REST Ry pot)—(LEN Dy post EQLT Ry por) (173)
RESTRyrct = nnrenGDPi (174)

Other transfers, which include price revaluations and other changes in asset value, are driven in
a variety of ways within the model (Egs. (175) - (180)), similar to the power sector. Other transfers
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relating to interest-bearing assets (OT;panFc) are assumed to follow a fixed exogenous rate, reflecting
that these assets include safe assets such as deposits that do not vary significantly based on other model
variables (Eq. (175)). Other transfers relating to equity assets (OTpganrc) are given as a portion
of the other transfers of NMFI equity liabilities (OTrganmrr) (Eq. (176). Other transfers relating
to equity liabilities are assumed to be set such that equity prices are positively related to dividend
payments by the NFC sector while being reduced by the current interest rate on interest bearing
liabilities of the government, which serves as an approximation for the so-called ‘risk-free interest rate
(Eq. (177)). Other transfers relating to interest-bearing liabilities (OT;prnFc) are relatively large
and require some individual attention. Other transfers of interest-bearing liabilities are mostly made
up of defaults on loans, it is therefore assumed that it’s rate of change is entirely driven by defaults
(Eq. (178)). The default rate of the power sector (DEFnpc) is then proportional to the illiquidity
ratio (ILLIQNFc) where the higher the illiquidity of the power sector leads to higher defaults (Eq.
(179)).

OTipaNrct = 01panrc(IBANFCo1-1) (175)
OTgoanrct = OTeornmrre — (OTggammt + OTEqQapst) (176)
OTrQLNFCt = T[BLG?/ITYJ]:%I;?LNFC — EQLNFct-1 (177)
OTipLnrot = DEFNpotl BLNFOt—1 (178)
DEFnpcot = —0.002371(ILLIQNFCt—1) (179)
OTgesnrot = dresNro(RESNFCt-1) (180)

The financial stocks of the NFC sector develop according to their respective financial transfers and
other transfers (Eqs. (181) - (184)). Total financial assets and liabilities are defined in Eqs. (185)
& (186). Financial assets minus liabilities give the NFC sector model determined financial net worth
(FNWnNpcwm) (Eq. (187)). The residual financial instrument develops similarly to other financial
assets (Eq. (188)) and is then added to the model determined financial net worth to give the overall
NFC sector financial net-worth FNWxrce (Eq. (189)).

IBANFpct = IBANFci—1 + IBATRyFpor + OTrpanrct (181)
EQANrct = EQANFci—1 + EQATRNpct + OTEQaNFCt (182)
IBLNpcet = IBLypot—1+ IBLTRypct + OTrpLNFCt (183)
EQLnrct = EQLNpci—1 + EQLTRypct + OTpQLNFot (184)
FANrot = IBANFor + EQANFCt (185)

FLnpct = IBLyrot + EQLNFCt (186)
FNWyreme = FANrer — FLNFC (187)

RESNFct = RESNFot—1 + RESTRyFpct + OTresNFCt (188)
FNWnpct = FNWNpromt + RESNFet (189)

The capital stock of the NFC sector is split into conventional and green capital stock. The real value
of conventional (Kypccogr) and green (Kypcogr) are increased through real gross capital formation,
while a portion of the previous periods real capital stock is lost to depreciation (Egs. (190) & (191).
These stocks are summed to give the overall real capital stock (Knypcr) of NFC sector (Eq. (192)).
The nominal capital stock values are then calculated by multiplying the real capital by the production
price deflator (Egs. (193) - (195)). NFC sector net worth is defined as the sum of net financial and
real assets (Eq. (196)).

Knrcort = (1 — 0xpt) Knrecri—1 + GCFNFoCRt (190)

Knrcart = (1 —dxpt) Knrecri—1 + GCFNFCGRY (191)
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Knrcrt = KNnreort + KNFOGRE

Knrct = Knrecot + Knroat

(192)

(193)

Knroct = KNFocrtPpy (194)
Knroat = KnrocrtPpt (195)
)

NWnrct = FNWNFcot + Knret (196

The leverage ratio of the power sector (LEVNpc) is defined as the ratio between the interest-
bearing liabilities of the sector and the total capital stock of the sector (Eq. (197)). The illiquidity
ratio of the power sector (ILLIQNFc) captures the ratio between cash outflows and cash inflows
for the sector (Eq. (198)). The debt-service ratio of NFCs (DSRypc) is defined in the same way
as the power sector as the ratio of disposable income less depreciation of capital and before interest
payments to total interest payments (Eq. (199)). The level of credit rationing (CRyp¢), which
constrains the level of investment of the NFC sector, depends negatively on the sectors debt service
ratio and positively on the ratio of MFI liabilities to MFI assets (Eq. (200)). Therefore, as with
the power sector, credit is constrained both when firms lack sufficient income to cover their interest
payments and also when MFIs (i.e. the traditional banking sector) financial position worsens.

IBL
LEVNpey = ——EC (197)

Knrcot

INTPNrpcet + INTAXNFEct + DIV Pypey + GCFnrer + 0kt KNFOt
ILLIQNFCt =

=+ IBATRNFCt + EQATRNFCt
(GOSPt + INTRnpor + DIVRNpor + EQLTRNFCt + IBLTRNFCt) (198)

Y Dnrct — ONFestENFcoi—1 + INT Pyrct
DSR = 199
e ot (199

FLyFri—1
CRNFct = aocrNFe + cicrNFcCRNFet—1 — aacRNFeDSRNFCt—1 + Q3CRNFC g ——— 200)
MFIi—1

A.4.2 Monetary financial Institutions

The monetary financial institution (MFI), sector represents traditional banks whose primary role is
to hold the interest bearing assets (Deposits etc.) of the sectors in the model and provide interest
bearing liabilities (Loans etc.) to these same sectors. MFIs play a relatively passive role in the model,
although they do ration credit to the power sector and NFC sector through Eqgs. (131) & (200).
Therefore, banks are not simply intermediaries of loanable funds, consistent with the arguments of
Jakab and Kumbhof (2018) and the MFI sector creates money endogenously when it provides loans to
the rest of the institutional sectors, consistent with post-Keynesian theory (Lavoie 2014).

For MFIs, the model net lending position (LEN Dy rrar) is the net of interest received by MFIs
(INTRppr) and interest paid by MFIs (INTPyrr) (Eq.(201)). MFT Interest received and paid is
the sum of respective rates of returns and stock levels (Eqs.(202)&(203)). The lending discrepancy is
driven exogenously as less the sum of all the other exogenously driven discrepancies within the model
(Eq. (204)) with the actual NFC net lending position defined as the model determined net lending
plus the lending discrepancy (Eq. (205)).

LEND gt = INTRypr — INTPypn (201)

INTRypr = INTPypey + INT Ppsy + INT Pyarre + INT Py + INT Py (202)
INTPypre = INTRypei+INTRps+INTRyarpr+INTRey i+ INT R+ INT Ngowe (203)
(204)
(205)

DISCypre = —(DISCnpet + DISCnyrre + DISCayre + DISCrp: + DISCrowt) 204
LENDypre = LENDyErve + DISCryrr 205
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The total MFT financial assets (FAprpr) are given as the sum of all other sectors’ interest-bearing
liabilities, while the total MFI financial liabilities are given as the sum of all other sectors’ interest-
bearing assets (Eqgs. (206) & (207)). Financial assets minus liabilities give the MFI sector model
determined financial net worth (FNWysrrar) (Eq. (208)). The residual financial instrument is given
as less the sum of all the other residual financial instruments in the model®>(Eq. (209)) and is
then added to the model determined financial net worth to give the overall MFI financial net-worth
FNWMF[ (Eq. (210)).

FAyrpre =IBLypct +IBLpsy + IBLnyFne + IBLavryvrne + IBLgmy + IBLeowt 206

(206)
FLyrr = IBANpet + IBApsy + IBANyMrr: + IBAgyT: + IBAgm: + 1BARowt (207)
FNWypive = FAyrne — FLyrr (208)

RESyrn = —(RESuut + RESNpct + RESNvrpe + RESps: + RESgyr: + RESRow:) — (209)
FNWyrpr = FNWyrive + RESyrre (210)

A.4.3 Non-monetary financial Institutions

Non-monetary financial institutions (NMFIs) represent all non-bank financial institutions, including
investment funds and pension funds. The separation of this sector from traditional banks reflects the
importance of non-monetary financial activity in the UK and a similar separation is made by Burgess,
Burrows, et al. (2016) in their SFC model for the UK. This sector acts as the counterpart for all
dividend transfers in the model, and it’s asset position has a direct impact on the value of pension and
insurance assets held by households. In the UK, the NMFI sector is particularly large with almost
the same total financial assets/liabilities as the traditional banking (MFI) sector. Including it as a
separate sector in this way allows the model to look at a wider range of financial effects and is prudent
due to the differing role MFIs and NMFIs have in the economy.

NMFTIs disposable income (Y Dyasrr) is defined as the sum of their interest and dividend receipts
minus their interest and dividend payments (Eq. (211). The interest received and the interest paid are
equal to the sum of the relevant rates multiplied by the associated stock values (Egs. (212) & (213)).
NMFT dividends received are equal to the sum of the dividend payments of the other model sectors
as it is assumed that the NMFT sector is the destination of all dividend payments and the source of
all dividend flows (Eq.(214)). The dividends paid by NMFIs are then given as a fixed proportion of
their available net-income prior to dividend payments, where (aprvpyarr) is between 0 and 1 (Eq.
(215)).36

YDnyrre = (INTRyyrre + DIVRNyreR) — (UNT Py + DIV Pynvrr) (211)
INTRNmFr = riBANMFIHI BANME—1 + TiBrevril BLoyTNMFI—1 (212)
INTPNyFr = riBLNMFI-IBLNMFI—1 (213)

DIVRnyrEre = DIV Pypey + DIV Ppgy (214)

DIV Pyyrre = aprvenmri(DIVRyyer + INTRyyrre — INT Py yvrre) (215)

Investment income related to pension PEN SR and insurance schemes (I NSR) that is payable to
households are defined based on the disposable income of NMFIs and the relative share of pensions
and insurance assets (Egs. (216) & (217)).3” These equations mean that the return on pension and

3580 the MFT sector is the counterpart to all residual financial instruments by assumption.

36This approach will inevitably lead to overestimating dividend flows to and from NMFIs. However, the net flows
are consistent with the data and this approach is a convenient way of dealing with a lack of data on whom-to-whom
dividend flow data.

371t should be highlighted that these flows, while payable to households, do not actually represent accessible household
income. They are the income of pension and insurance schemes which increase the value of these funds held by households.
The national accounting convention of recording this as household property income is followed; however, in the model
both these flows will directly end up as household pension and insurance transfers leading to growth of these respective
assets.
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insurance schemes is impacted directly by the economic health of the NMFI sector and if this sector
receives lower income, the return on these assets will decrease. Social contributions to the NMFI sector
(SOCCpNFr) are then equal to the investment income from pensions plus a proportion of household
wage income (Eq. (218)). Social benefits paid by NMFIs (SOCC) are predominantly pension-related
transfers and are therefore modelled as proportional to the overall value of pension schemes (Eq.
(219)). The pension adjustment (PENS4py) is defined as the net social contribution minus social
benefit of the NMFI sector (Eq. (220).38

apENSRY DNyvrri—1(PEN Sy

PENSR; = 216

¢ (PENS;_1 +INS;_1)) (216)
arNsrRY DNyvrre—1(INS;—1

INSR; = 217

! (PENS;—1 + INS;_1)) (217)

SOCCNymERr = PENSR; + asocow Wy (218)

SOCBNmrFIt = asocBPENSPENS; 1 (219)

PENSapj: = SOCCNyEI: — SOCBNMETL (220)

NMFT model determined net lending (LEN Dy rrar) is defined as their disposable income and
net flows related to pension and insurance schemes (Eq. (221)). The lending discrepancy is driven
exogenously as a portion of GDP (Eq. (222)) with the actual NFC net lending position defined as the
model determined net lending plus the lending discrepancy (Eq. (223)).

LENDNyyEive =Y Dynyrri—INSRi—PENSRi+SOCCNyMEri—SOCBNyER—PENSAD gt (221)

DISCnyrre = nvnmrirGDPy (222)
LENDNyEe = LENDNyEive + DISCyyvrre (223)

Interest bearing asset transfers (IBAT Ry pr) are set exogenously as equal to a fixed proportion
of gross output (GO) (Eq. (224)). Equity liability transfers (EQLT Ry 1) are equal to the sum of
all other equity asset transfers for domestic sectors and the net equity transfer of the rest of the world
(Eq. (225)), this is due to the assumption that the NMFI sector serves as the counterpart to all equity
assets in the model. NMFT equity asset transfers (EQAT Ry rr) are then equal to a fixed proportion
of the equity liability transfers (Eq. (226)). Interest-bearing liability transfers (IBLT Ryarr) serve
as the residual stock transfer and equal the net transfers of all other financial assets (Eq. (227)). The
residual financial instrument transaction of the NMFT sector (REST Ry 1) grows exogenously as a
fixed proportion of GDP (Eq. (228)).

IBATRNyFr = arBanmriGO; (224)
EQLTRyiri = EQATRypos + EQAT Rpsi + EQAT Rymi + EQNT Rpows  (225)
EQATRNyvFEr = YEQNMFPIEQLT Ry vFr (226)

IBLTRNmrre = IBATRNyrpr + EQAT RNy + IBLTRagyrnyvrne + RESTRyvFr)
— (LENDyri + EQLT Ry + PENSTR, + INSTR,) (227)

RESTRNyFEre = nNnmriBGDPi—q (228)

Other transfers, which include price revaluations and other changes in asset value, are set mainly as
exogenous rates for the NMFI interest-bearing assets, liabilities and the residual financial instrument
(Egs. (229) - (231)). Other transfers related to equity assets (OTrganmrr) are defined based on the
other transfers of equity amongst the other sectors in the model (Eq. (232)). Other transfers related to
equity liabilities are assumed to be established so that equity prices are positively related to dividend

38This is an imputed flow paid to households by NMFIs however it will be used to define the pension transfers of the
household sector.

o7



payments by the NMFI sector while being reduced by the current interest rate on interest-bearing
liabilities of the government, which serves as an approximation for the so-called ‘risk-free interest rate
(Eq. (177)). Other transfers relating to pensions (OTpgrns) and insurance schemes (OTng) are based
on the other transfers of other net-assets of the NMFI sector, reflecting that the revaluations of these
assets are based primarily on the net financial changes within the NMFI sector (Eq. (234) & (235)).

OTrpanmrre = S1BANMFIIBANMFI—1 (229)
OTipinmrr = 01BLNMFIIBLN MFI—1 (230)
OTresNMFIt = ORESNMFIRESNMFI—1 (231)
OTrgganmrre = OTeqrNrct + OTEQLPst (232)
DIV P,
OTgQLNMFIE = NAFT —EQLNMFI-1 (233)
TIBLGVTt + BEQLNMFI
OTpenst = (OTrpanmrr + Bisravrnyvrr OTisravre + OTEQan ML

PENS;_1
- 0T - 0T . 234
IBLNMFIt EQLNMFIt) PENS, .+ INS_ (234)

OTinst = (OTipanmvrr + Breravrnvmrr OTreravre + OTeQaNMFIt
INS;_1

— OTrgrnmrre — OTEQLNMFIE) - L (235)

PENS;_1 +INS;_1

The financial stocks of the NMFI sector develop according to their respective financial transfers
and other transfers (Eqgs. (236) - (239)). Total financial assets and liabilities are defined in Eqgs. (240)
& (241). Financial assets minus liabilities give the NMFI sector model determined financial net worth
(FENWnNymriv) (Eq. (242)). The residual financial instrument develops similarly to other financial
assets (Eq. (243)) and is then added to the model determined financial net worth to give the overall
NMEFT financial net-worth FNWy v rr (Eq. (244)).

IBANyFr = IBANMF—1 + IBAT RNy + OTipanyFr (236)
EQANmFI: = EQANMEI—1 + EQATRNyMEn + OTEQANMFEI (237)
IBLNyFr = IBLNyFr—1 + IBLTRyypFere + OTiBINMFI (238)
EQLNyrr = EQAnm: + EQANFct + EQApst + EQNgowt (239)
FANymrne = IBANMrEe + IBLoyrnyrn + EQANMFL (240)
FLnympre = IBLnmrn + EQLNyvEn + PENS; + INS; (241)
FNWNyrive = FANvFn — FLNvFn (242)
RESNyFr = RESNMFpr—1 + RESTRNMFpr + OTRESNMFI (243)
FNWNyrpre = FNWNyeive + RESNyvFr (244)
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A.4.4 Government

The government sector is an active part of the economy, reflecting its crucial role in the UK economy.
It sets tax levels, including environmental taxes, pays government wages, and decides on levels of
government consumption and investment. It is assumed that the government is free to make choices
about all these variables without political constraints. In the baseline, government spending is based
on OBR estimates and implied rates from past data.

Government disposable income (Y Dgyr) is equal to the sum of indirect taxation, income taxes,
social contribution, and interest received less social benefits paid and interest payments (Eq.(245)).
The total indirect tax receipts (IT'AX) are equal to the indirect taxes on production (IT'AXp) and
indirect taxes on the power sector (ITAXpg). The indirect tax on production is then defined as
the indirect tax rate multiplied by gross output plus environmental taxes linked to non-electrical
emissions (ITAXyerec) (Eq. (247)). Non-electrical energy taxes are equal to the coverage of the
carbon pricing scheme (COVirsp)3® multiplied by the emission trading scheme (ETS) carbon price
(Pgrs) all multiplied by the total non-electrical emissions in the economy“? (Eq. (248). The indirect
tax rate on production (ITAX Rp) is assumed to tend to a set long-run value based on the adjustment
speed (gut)4! (Eq. (249).

YDavr: = (ITAXt + INTAX; + SOCCaqvr: + INTRGVTt) — (SOCBGVTt + INTPGVTt) (245)

ITAX, = ITAXp, + ITAX pg, (246)

ITAXp; = ITAX RpyGOpy + ITAX NpLECH (247)
ITAXNELEC: = COVETspPersitEMISNELEC: (248)
ITAXRp; = ITAXRpy_y — Tq(ITAXRpy_y — ITAX RpL) (249)

The indirect tax on the power sector is defined similarly to that of the production module as the
indirect tax rate multiplied by gross output plus environmental taxes linked to electrical emissions
(Eq. (250)). The indirect tax rate on the power sector (ITAXRp) is assumed to tend to a set long
run value based on the adjustment speed (74,¢) (Eq. (251)). The baseline carbon price of the emission
trading scheme (Ppgrg) is set to follow a baseline path where it increases marginally over the period

(Eq. (252)). This carbon price can be set higher by the government in different scenarios.*?
ITAXps; = ITAXRpsiGOpsi + COVerspsiPErsiEMISELECH (250)
ITAXRps; = ITAX Rpsy_1 — Tgot(ITAX Rpss_1 — ITAX RpspR) (251)
Pprst = PeTsrBt (252)

Income tax receipts (INT AX) are defined as the sum of income tax from non-financial corporations
(INTAXNpc) and households (INTAX ). Both income taxes are modelled as a fixed proportion
of the wage bill (Eq. (254) & (255)). With the respective income tax rates assumed to tend to set
long-run values based on the adjustment speed (74,¢) (Eqgs. (256) & (257)).

INTAX, = INTAXypcy + INTAX i (253)
INTAX ypee = INTAX Ry peWe (254)

39Tis is assumed to be constant in the baseline scenario

40Tt is assumed that the carbon tax for household non-electric energy use is attributed to the production sector and
then passed in through higher prices.

“IThis term is introduced due to the implied initial tax rates being far from historical norms due to the COVID-19
pandemic and other sources of volatility, using an adjustment speed allows these values to gradually return to more
normal levels rather than creating a sudden change at the initial condition.

42The UK has an emission trading scheme, rather than a direct carbon tax so arguably the government cannot
control the price so easily and rather controls the maximum emissions through a cap and trade system. To simplify the
modelling, it is assumed that the government effectively sets a cap to achieve an average carbon price over a given period
and adjusts the cap if that price is not met.
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INTAX e = INTAX Ry W, (255)
INTAX Rypci = INTAXRypor—1 — Tgu(INTAX Rypor-1 — INTAX Ryporr) (256)
INTAX Ryzpi = INTAX Rgpi1 — Toot(INTAX Ryrry 1 — INTAX Ryzrpr) (257)

The equations for government interest payments are based on respective rates of return on interest-
bearing assets (IBAgyr) and interest bearing liabilities (IBLgvr) (Eqs.(258)&(259)). Social con-
tributions that households pay to the government (SOCCgyr) are treated as an additional income
tax taken from overall wages (Eq. (260)). With the social contribution rate assumed to tend to set
long-run values based on the adjustment speed (74,:) (Egs. (261)). Social benefits paid by the govern-
ment (SOCBgyr), as a share of GDP, are driven by an econometrically calibrated equation, partly
driven by a constant exogenous factor (apsocp) and also by the rate of unemployment (ru) where
higher unemployment rates lead to higher levels of unemployment benefit payments and thus higher
government social benefit payments (Eq. (262)).

INTRgvrt = ripacvril BAgvri—1 (258)

INTPgvr: = riravril BLavTi—1 (259)

SOCCayri = SOCCRgyT: W3 (260)

SOCCRgvrt = SOCCRGyTi—1 — Tgut(SOCCRGvTi—1 — SOCCRGVTLR) (261)
SOGng/Tt = apsocB + 04150019S()gljif,tvjt_1 + azsocBrut (262)

Consumption of the government sector (CONSgy7) is the sum of public wages (Wpyp)*® and

other government consumption (OCON Sgyr) (Eq. (263)). Other government consumption (OCON Sgyr)
is assumed to follow an exogenous path based on nominal GDP (Eq. (264)). Government gross capital
formation (GCFgyr) is discretionary government spending and is assumed to follow a baseline path
based on OBR estimates (Eq. (265)). As with the NFC sector, government gross capital formation

is divided between green and conventional capital, with S, representing the portion of the gross
capital formation allocated to green capital. It is assumed in the baseline that the behavioural effect

of energy costs and prices is the same for the government as it is the non-financial corporations, so
Bgot is set as equal to B,r. (Eq. (266)). This ratio then defines the level of green and conventional
capital investment (Eqs. (271) & (272).

CONSgyr: = Wpyp: + OCON Sgyry (263)
OCON Sgyrt = aoconsgvrGD Py (264)
GCFgyri = GCFGyTBASE (265)
Bovtt = Bufet (266)

GCFgvra: = Byt GCFayTe (267)
GCFayret = GCFavrt — GCFavrat (268)

The real levels of government consumption and gross capital formation are then defined by dividing
the nominal levels by the production price deflator (Pp) (Egs. (269) - (272)).

CONSgyrt

CONSgvrRt = —FH—— (269)
Ppy
GCFgvrre = GCFgyvrare + GCFavreore (270)
GCF,
GCFavrGrt = # (271)
Pt
GCF,
GCFavrcere = # (272)
Pt

43In national accounting public wages are recorded as consumption of the government sector.
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The government model determined net lending (LEN Dgyray) is defined as their disposable income
less consumption and gross capital formation spending (Eq. (275)). The lending discrepancy is driven
exogenously as a portion of GDP (Eq. (274)) with the actual NFC net lending position defined as the
model determined net lending plus the lending discrepancy (Eq. (275)).

LENDgvrym: =Y Dayre — (CONSgyre + GCFavry) (273)
DISCqvre = navrrGD Py (274)
LENDgyr: = LENDayrye + DISCavry (275)

Interest bearing asset transfers (I BAT Rgyr) are assumed to equal a fixed proportion of the gross
output (GO) (Eq. (276)). Interest bearing liability transfers (I BLT Rgy ) serve as the residual stock
transfer and equal the net transfers of all other financial assets (Eq. (277)). Government bonds,
which make up a large portion of government interest-bearing liabilities are held by multiple sectors
in the model. The economic accounts data does not provide the whom-to-whom transactions required
to establish the transfers of each sector however their are experimental flow-of-funds data for 2020
(ONS 2020) which gives an estimate that can be used. This data suggests that government interest
bearing liabilities are equally split between MFIs, NMFIs and RoW. Therefore, the government interest
liability transfers are defined to be equal for each of these sectors based on the fixed proportion derived
from the flow-of-funds data and assuming these proportions remain constant (Eqs (278)-(280)). The
residual financial instrument transaction of the government sector (REST Rgyr) grows exogenously
as a fixed proportion of GDP (Eq. (281)).

IBATRgvT: = arpacvrGO; (276)

IBLT Ry = IBAT Ry + RESTRGyv T — LEN Dayry (277)
IBLTRgvrymrr = Bisravrmril BLT Rgyrt (278)
IBLTRgvrnmrr = Bieravrnmrer I BLT Rayry (279)
IBLTRgvrrowt = BiBLavrrow IBLT Rgyy (280)
RESTRgvT: = navrsGDPi—1 (281)

Other transfers, which include price revaluations and other changes in asset value, are set as
exogenous rates for the government sector (Egs. (282) - (284)).

OTipacvrt = 0rpacvr(IBAGgyTi—1) (282)
OTigravrt = d1pravr(IBLayvri—1) (283)
OTrescvrt = Oresavr(REScvTi—1) (284)

The financial stocks of the government sector develop according to their respective financial trans-
fers and other transfers (Eqs. (285) - (289)). Total financial assets and liabilities are defined in Eqs.
(290) & (291). Financial assets minus liabilities give the government sector model determined financial
net worth (FNWgayra) (Eq. (292)). The residual financial instrument develops similarly to other
financial assets (Eq. (293)) and is then added to the model determined financial net worth to give the
overall government sector financial net-worth FNWgayr (Eq. (294)).

IBAGgvrt = IBAgvTi—1 + IBATRgvrt + OTipacvTy (285)

IBLgvr: = IBLgvrmrn + IBLoyrNymrr: + IBLavrRowt (286)

IBLgvrmrr = IBLavrmrn—1 + IBLT Rayrymrre + BisravrmriOTisravrt (287)
IBLgvrnmrre = IBLavrnmrri—1 + IBLT Royrnmrr + BierevrnmrrOTisLevrt (288)
IBLgvrrowt = IBLgyTRoWt—1 + IBLT Rvrrowt + Biravrrow OTrBLGVTY (289)
FAgyri = IBAgvTy (290)
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FLayrt = IBLgyTt (
FNWevrme = FAgvr: — FLgyrt (

RESqyrt = RESqyri-1 + RESTRGvrt + OTrESGVT! (293
FNWgyre = FNWayrme + REScyTt (

The capital stock of the government sector is split into conventional and green capital stock. The
real value of conventional (Kgyrcogr) and green (Kgyrar) are increased through real gross capital
formation, while a portion of the previous periods real capital stock is lost to depreciation (Egs. (295)
& (296). These stocks are summed to give the overall real capital stock (Kgyrr) of government sector
(Eq. (297)). The nominal capital stock values are then calculated by multiplying the real capital by
the production price deflator (Egs. (298) - (300)). Government sector net worth is defined as the sum
of net financial and real assets (Eq. (301)).

Kaovrere = (1 = dxpt)Kavreri—1 + GCFgvrory (295)
Kavrart = (1 = dxpt) Kavrari—1 + GOFgvrar: (296)
Kgvrre = Kevrer: + Kavrar: (297)

Kevri = Kavror + Kevrar (298)

Kavrot = Kovror Pry (299)

Kevre: = KevrariPrt (300)

NWavre = FNWayre + Kavrt (301)

A.4.5 Households

Households are the main consumers in the economy and also invest in the building of houses. House-
holds are considered in the aggregate within the model; therefore, inequality effects are not explicitly
modelled. Housing stock is included as the main real asset on the household balance sheet while also
considering different forms of housing based on their electricity use and energy efficiency. This allows
the model to explore the impacts of policies aimed at greening the UK housing stock, which is an
important part of achieving climate goals within the UK.

The primary income of the household sector (Y Pr), is the sum of wage income (W), interest
payments received (INT Ry ), dividends (DIV Ry ) less interest payments (INT Pyg) (Eq. (302)).
The equations for interest payments are based on respective rates of return on interest-bearing assets
(IBApp) and interest-bearing liabilities (/BLyy) (Eqs.(303)&(304)). The dividends received by
households (DIV Rpp) are a proportion of the dividends paid by NMFIs multiplied by the share of
HH equity assets (Eq. (305)).

Y P = Wy + (INTRHHt + DIVRHHt) — (INTPHHt) (302)
INTRyH: =riBaHHt I BARHt—1 (303)
INTPyp: = ripraatl BLymi—1 (304)
EQA
DIV Regare = Bany 231 b1y pye, (305)
EQLNmFIt

The disposable income of the household sector (Y Dpp) is taken as households primary income
including net social contributions/benefits and minus income tax payments (INTAXgg) (Eq. (306)).
The total social contributions and benefits of the households are given by the sum of the respective
values of the NMFT and the government sectors (Egs. (307) & (308)).

YDppt =Y Py + (SOCB,) — (SOCCy + INTAX i) (306)

SOCC; = SOCCrr: + SOCCavr (307)
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SOCB; = SOCBNMFE + SOCBayT: (308)

Household consumption (CON Sg ) is given as the sum of household consumption from production
(CONSgpmp) and from the power sector (CONSppps) (Eq. (309)). The nominal consumption of
production is based on post-Keynesian theory, where there is a positive relationship between household
disposable (Y Dy ) income and consumption and also between the financial wealth of the household
(FNWpgp) and consumption. This aims to capture the distinction between consumption out of wages
and consumption out of profits, with the latter generally found to be lower (Lavoie 2014). This equation
is estimated econometrically with a significant long-term relationship found between these variables
(Eq. (310)). Real household consumption from production is then equal to the nominal consumption
divided by the production price deflator (Pp). (Eq. (311)). The nominal consumption of the power
sector (CONSppps) is equal to the real consumption (CONSpppsr) multiplied by the price of
electricity (Perrc) (Eq. (312)). The level of real household consumption is equal to the electrical
energy use of households which electricity assumed to make up the majority of household consumption
related to this sector (Eq. (313)). The total savings of households(SAVy ) for investment purposes
is equal to their disposable income less consumption spending (Eq. (314)).

CONSgat = CONSgupt + CONSgupst (309)

AL(CONSpppt) = ecanp(aocuup + crcaapL(Y Dyp—1)

+ ascupPL(FNWypi—1) — LICONSpmpi—1)) (310)
CONSugnprt = CONSnnre (311)

Pp,
CONSygnpst = CONSumpsriPELEC (312)
CONSyupsr: = EeLecH: (313)
SAVyug: =YDyt — CONSym: (314)

Households make investments, predominantly related to housing. This gross capital formation is di-
vided into two main categories: House building** and home improvements. Total household gross capi-
tal formation (GC Fppy) is given as the sum of gross capital formation of new build houses (GCFyunB)
and home improvements (GCFyrrr). Household investment in housebuilding (GCFypnp) is pri-
marily driven by the total value of properties, where higher property values make household investment
more attractive, this is expressed in an econometrically estimated co-integration equation (Eq. (317)
and it should be noted that while there is a positive relationship between prices and house building,
this response is relatively weak.?® The gross capital formation of households on home improvements
(GCFyppr) follows the overall growth of GDP (Eq. (317)).

GCFypr = GOFgunpt + GCFuunist (315)

AL(GCFyunBt) = €cern( — aocerns + crcopnpL(HV AL )
— L(GCFuunBi-1)) — 01ccrNBA(L(GCFuuNBi-1)) (316)

GCFunun = agaaiGDP;_4 (317)

The real levels of gross capital formation are then defined by dividing the nominal levels by the
production price deflator (Pp) (Egs. (318) - (320)).

F
GCFypp = @ (318)
Pt

441t is assumed that when a house is built and subsequently purchased by a household this is recorded as gross fixed
capital formation of the household sector, this is consistent with national accounting conventions.

45This is in line with UK data where there has been a large increase in house prices over the last two decades but a
relatively moderate increase in house building, the model cannot assess the impact of other policies that could impact
house building, such as planning permission and regulation.
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GCFyunBt

GCFyuNBRt = — 5. (319)
Pt
GCF
GCFyHHIR = # (320)
Pt

The real investment in home improvements is then divided between regular home improvements
(GCFuraing) and energy-based home improvements ((GCFyppreng) in Egs.(321 & 322). The
division between regular and energy-based home improvements is given by Eq. (323) where there
is an exogenous trend towards increasing energy-based home improvements over time and this is
further increased based on the difference between non-electric (Pyprpc) and electric (Prrpc) energy
prices. Energy-based home improvements are then divided further between efficiency improvements
and electrification. Efficiency improvements are investments used to turn an energy inefficient house
into an efficient one by measures such as wall insulation and window glazing, whereas electrification
energy improvements turn efficient houses fully electric by installing electrical heating devices such as
heat-pumps. The split between these two types of energy efficiency home improvements is given by
Egs. (324) & (325) with the difference being partly driven by the ratio between inefficient homes (H)
and efficient non-electric homes (Hgy) such that as the number of inefficient homes decreases, there
is a shift towards greater electrification as the next step in improving energy efficiency.

1
GCFuHHIER: = é_SC€4T))BGCFHHtGCFHHH1Rt (321)
GCFrrainrt = GCFarrarre — GCFHHHIER: (322)
Bacruut = qobetai H + TREN Diperarmt + cipetati i (PNELECTt—1 — PELECH-1) (323)
KhieH i1
GCF =GCF 324
HHHIENRt HHHIBR ™ (324)
GCFyunreert = GCFurrrert — GCFHHHIEN Rt (325)

Households model determined net lending (LENDppps) is defined as their total savings, less
gross capital formation spending plus pension and insurance related flows*6 (Eq. (326)). The lending
discrepancy is driven exogenously as a portion of GDP (Eq. (327)) with the actual household net
lending position defined as the model determined net lending plus the lending discrepancy (Eq. (328)).

LENDggyve = SAVym: — GCFape + INSRy + PENSRy + PENSAD gt (326)
DISCHHt = nHHTGDPt—l (327)
LENDgg = LENDgpye + DISCrpe (328)

For household financial stock transfers, it is assumed that interest bearing asset transfers of house-
holds (IBAT Ry ) are derived residually (Eq. (329)). Equity asset transfers (EQAT Rpp) are as-
sumed to be a negative fixed proportion of household equity stock, reflecting households withdrawing
from their stock of equities as a way to fund financial transactions (Eq. (330)). Pension transfers
are (PENSTR) are equal to the derived pension adjustment consistent with ONS data (Eq. (331)).
Insurance transfers (INST Ryp) are equal to the return on insurance funds less net payouts on in-
surance schemes (Eq. (332)). Interest bearing liability transfers (IBLT Ry ) which for households
are mainly related to mortgage borrowing are set as a fixed proportion of the total value of housing
stock (Eq. (333)). The residual financial instrument transaction of the household sector (REST Ry pr)
grows exogenously as a fixed proportion of GDP (Eq. (334)).

IBAT Ry = LEN Dyrpry + IBLT Ry — (EQAT Rygpy + REST Ryrpr + PENSTR, + INSTRy)
(329)
EQATRup: = —0pQannEQAnHi—1 (330)

46Recall these flows are an accounting convention and are not accessible income for households.
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PENSTR; = PENSap: (331)
INSTR, = INSR, — aynstrINS;_1 (332)
IBLTRyy: = arprrrHV AL (333)
RESTRpyn: = nuusGDP,_ (334)

Other transfers, which include price revaluations and other changes in asset value, are set as
exogenous rates for the household sector (Egs. (335) - (338)).

OTipagnt = S1ann(IBAnmi—1) (335)
OTgganb: = 0pQAuH(EQAHRH—1) (336)
OTiprupt = drprun(IBLymi—1) (337)
OTgesunt = oresaa(RESHHt-1) (338)

The financial stocks of the household sector develop according to their respective financial transfers
and other transfers (Egs. (339) - (343)). Total financial assets and liabilities are defined in Eqgs. (344)
& (345). Financial assets minus liabilities give the household sector model determined financial net
worth (FNWgma) (Eq. (346)). The residual financial instrument develops similarly to other financial
assets (Eq. (347)) and is then added to the model determined financial net worth to give the overall
household sector financial net-worth FNWg gy (Eq. (348)).

IBAypg: = IBAgyi—1 + IBAT Ry + OTrBanm: (

EQApp: = EQArpi—1 + EQAT Ryt + OTpganHt (

PENS, = PENS; 14+ PENSTR; + OTpgnst (

INS; =INS; 1+ INSTR; + OTinst (
IBLyg: = IBLygi1+1IBLT Ry + OTiBLEHH: (343

FAppe = IBAyg: + EQAgp: + PENS, + INS; (

FLygy = IBLyny (

FNWyugmt = FApgge — FLgm (

RESgnt = RESgnt—1 + RESTRypt + OTrEsHHL (
FNWygy = FNWgaye + RESy: (348

The total number of houses (H) is given by the sum of the three types of housing: inefficient
houses (H) taken as houses with EPC ratings D and below, efficient non-electric houses (Hgy) taken
as houses with EPC ratings C and above where the primary energy source is non-electric and efficient
electric houses (Hpp)*" taken as houses with EPC ratings C and above where the primary energy
source is electricity based (Eq.(349)).#® These three housing stocks develop based on house building
and efficiency and electrification based home improvements. The number of houses built (HB) is
directly proportional to the real household investment in new houses (Eq. (350)). It is assumed that
all new build houses are efficient and a portion (8gpg) of them are fully electric.?® Inefficient houses are
transformed into efficient non-electric houses through real energy home improvements (GCFyrpNR)
which can then be transformed into efficient electric houses through real electric home improvement

4TNote there is no inefficient electric house category, where properties primary energy source is electricity based while
the properties EPC rating is D and below, houses do exist in this category however there are very few in the UK as
fully electric houses tend to be efficient, not least because energy efficiency is generally a pre-requisite to using electric
heating technologies such as heat-pumps.

“8The EPC ratings are taken directly from EPC data (UK Department for Levelling UP, Housing & Communities
2025)

“9This is consistent with what is observed in the UK where the overwhelming majority of new build properties will
have at least and EPC rating of C.
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(GCFyurrer) with both these transformation rates being determined by the cost of energy and electric
home upgrades (Eqs. (351) - (353)). COSTyrpnr and COSTHEER are the real costs of the upgrades
to efficiency and electrification, respectively, and are set to remain constant unless reduced by a policy
such as a subsidy (Egs (354) & (355)).

Hy = Hy + Hene + HeR: (349)
HB; = agpGCFyuNBR: (350)
GCF
Hyy = Hypo - OHHHIENRt (351)
HIENRt
GCF GCF
Hgnie = Hgni—1+ (1 — Bupe)HB: + Cﬁ;}xjNRt - CEZEZ;EERt (352)
t t
GCF
Hpp, = Hppi—1 + BupeH B + C;IfE};I:ERt (353)
t
Curenrt = CHIENRB (354)
Cureert = CHIEERB (355)

The total value of housing stock (HV AL) is equal to the average house price (Pg) multiplied by
the number of houses (H) (Eq. (356)). House prices (Pg) per worker have a long run co-integrating
relationship with disposable income per worker and interest bearing liabilities per worker showing that
housing demand can be based both on income but can also be financed through increased indebtedness
(Eq. (357)). Household sector net worth is defined as the sum of net financial and real assets (Eq.
(358)).

HV AL, = H,Pu, (356)

Py Hy YDpai—1 IBLygHi—1 Py 1Hy
AL = L(————— L - L 357
IF, epr(aopy + a1paL( IF, ) + aapr L( TF, ) IF ) (357)
NWyat = FNWyg + HVAL; (358)

A.4.6 Rest of the world

The rest of the world is reasonably passive in the current version of the model where it’s main
interaction with the model is through imports and exports along with it’s holdings of some domestic
financial assets and liabilities. The income from production (Y ProW) of the rest of the world is given
as total imports (I M P) minus exports (EXP) (Eq. (359)). Total imports are determined by the real
imports (I M Pg) multiplied by the relative price of imports (Pr) (Eq. (360)). Exports are defined
based on real export values (FX Pgr) multiplied by domestic prices (Pp) (Eq. (361)).

Y Prowt = IMP, — EXP, (359)
IMP, = PIMPp, (360)
EXP, = Pp,EX Py (361)

Imports are modelled as input into the production sector and, therefore, the level of real imports
(IM Pp) is driven directly by the level of real output (GOppg) and the technical coefficient of imports
(arnmp) (Eq. (362)). The technical coefficient of imports is assumed to follow a long-run path (Eq.
(363). Real exports (EX Pg) are assumed to follow a long-term path based on exogenous demand from
the RoW sector for domestic products (Eq. (364)). Import prices (Pr) relative to domestic prices (Pp)
follow an exogenous growth path based on OBR estimates of price changes and future exchange rate
fluctuations (Eq. (365)).

IM PRy = arnpiGOpRy (362)
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QrMPt = AIMPLR (363)
EXPr = EX Progr (364)
Pr, = Propr (365)

Unlike other sectors, the model considers property income flows with the rest of the world sector
in net, rather than gross terms. This is done for both pragmatic and theoretical reasons. First,
the RoW sector is mostly exogenous to the model, and recording gross flows as opposed to net
flows is not necessary for any behavioural relationships within the model. Additionally, some of
the model assumptions around gross interest and dividend payments are harder to justify for the
RoW sector, which includes foreign firms and foreign financial institutions. Generally, net-flows are
sufficient to show open economy financial effects, so this is the approach that is taken for the model. Net
RoW interest received (INT Npow ) is the sum of interest received on the RoWs share of government
liabilities (I BLgyTrow ) and their net holding of other interest-bearing assets (I BNgrow ) (Eq. (366)).
Net RoW dividends received (DIV Ngow ) is the sum of given as a fixed proportion of RoW net equity
holding (EQNgrow) (Eq. (367)). RoW model determined net lending (LENDypcns) is defined
as their income from production plus their net interest income received (Eq. (368)). The lending
discrepancy is driven exogenously as a portion of GDP (Eq. (369)) with the actual RoW net lending
position defined as the model determined net lending plus the lending discrepancy (Eq. (370)).

INTNgowt = r1prevril BLavTRowt—1 + T1BNRowtI BNRoWw -1 (366)
DIV Ngowt = aprvNrow EQNrowt—1 (367)
LENDgowmt =Y Prowt + INT Nrow + DIV Ngowy (368)
DISCrowt = nrowrGDP;—1 (369)

LENDgrowt = LEN Dgow vt + DISCrowt (370)

Net RoW interest-bearing asset transfers (IBNT Rpow ) are set as the residual of all other financial
transactions (Eq. (371). Net-equity asset transfers (FQNT Rprow ) are set as proportional to RoW
income from production (Eq. (378)). The residual financial instrument transaction of the RoW sector
(RESTRRow) grows exogenously as a fixed proportion of GDP (Eq. (373)).

IBNTRRowt = LEN Dgowt — (IBLT Rgvrrowt + EQNTRpowt + REST Rrowt) (371)
EQNTRRrowt = apQNTRRoW Y Prowt (372)

RESTRROWt = nRoWBGDPt—l (373)

OTrparowt = 0rBARoW (I BNRow—1) (374)

OTEeQNRowt = OEQNRoW (EQNRowt—1) (375)

OTrEsRowt = ORESRoW (RESRowt—1) (376)

The net-financial stocks of the NFC sector develop according to their respective financial transfers
and other transfers (Egs. (377) & (378)). Teh sum of net-Financial assets give the RoW sector model
determined financial net worth (FNWgowas) (Eq. (379)). The residual financial instrument develops
similarly to other financial assets (Eq. (380)) and is then added to the model determined financial net
worth to give the overall RoW sector financial net-worth FNWg.w (Eq. (381)).

IBNRrowt = IBNgow¢-1 + IBNTRgowt + OT1BARoWt (377)
EQNpowt = EQNpowi—1 + EQNTRrow + OTpQNRow (378)
FNWgowmt = IBNgowt + EQNgowt + IBLGvTRoWt (379)
RESgowt = RESgowt—1 + RESTRpowt + OTrESRoW? (380)
FNWgowt = FNWgow Mt + RESrowt (381)
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A.4.7 Rates of return

The base rate is set based on a simple Taylor rule, where the long-run Bank of England base rate
(rpog) is based on the current level of inflation (Eq. (382)). This equation uses logged values which
ensures the base rate cannot fall below the zero lower bound.

ALrpoEt = €rboe(Crboe LINFy_1 — Lrpogt—1) (382)

Interest rates on interest-bearing assets for model sector j (rrpa;i) tends towards a long run interest
rate with adjustment speed (7,.q;) (Eq. (383)). With the long run asset interest rates being set as the
maximum of a mark down on the base rate and a minimum value (minr;) which is used to respect
the zero lower bound for interest rates in the model (Eq. (384).

TIBAjt = T1BAji—1 + Traj(TIBAjLRt — T"TBAjt—1) (383)
TIBAjLRt = Max(minrj, TBOEQt — SPTja) (384)

Interest rates on interest-bearing liabilities for model sector j (r7pr;:) tends towards a long run
interest rate with adjustment speed (7,;;) while also being directly impacted by short run adjustments
in the base rate, accounting for the observed phenomena of interest bearing liability rates reacting
more quickly to changes in the base rate (Eq. (385)). With the long run liability interest rates
being set as a mark up over the interest bearing asset interest rate for the sector and an additional
risk premia, which is calculated based on the depreciation rate of the sectors liabilities (d;) and the
financial health of the MFI sector, proxied as the ratio between its financial liabilities and assets (Eq.
(386)).

TI1BLjt = TIBLjt—1 *+ Trj(TIBLjLRt — TIBLji—1) + 0ri; ATBOEQ! (385)
FL _
riprinke = ripajLre + (sprin + 6;6) (1 + 057 BOBQE) L (386)
FAympre—
B Model parameters and initial values
Table 6: Parameter Values
Symbol Description Parameter Initial value Source/remarks
category
CFrp Capacity factor of fossil fuel energy  Free 1.132 Calculated based on past values
generation and assumed to be constant over
time
CFmaz Maximum non-fossil fuel electricity ~ Free 2 Selected as a reasonable maximum
capacity factor value based on UK data
CFpin Minimum non-fossil fuel electricity = Free 0.5 Selected as a reasonable minimum
capacity factor value based on UK data and rea-
sonably greater than 0
CONFF Crowding out parameter for gov-  Free 0.5 Set as a reasonable estimate
ernment gross capital formation
FNWyrrT Target MFI FNW ratio Free 0.008084 Calculated based on recent data
JLFB Labor force base growth rate Free 0.001747 Based on OBR estimates
INTAXRpgprr Long run income tax rate on the  Free 0.2005 Based on past data and OBR fiscal
HH sector set by the government forecasts
INTAXRNForLr Long run income tax rate on the  Free 0.03826 Based on past data and OBR fiscal
NFC sector set by the government forecasts
ITAXRpLRr Long run indirect tax rate on pro-  Free 0.07041 Based on past data and OBR fiscal
duction set by the government forecasts
ITAXRpsLr Long run indirect tax rate on the Free 0.01341 Based on past data and OBR fiscal
power sector set by the government forecasts
MINT gyt Minimum lower bound GVT de- Free 0.006119 Calculated based on the 2010s zero
posit interest rate lower bound interest rate period
minrpp Minimum lower bound household  Free 0.002509 Calculated based on the 2010s zero
deposit interest rate lower bound interest rate period
MINTy fe Minimum lower bound NFC de- Free 0.003204 Calculated based on the 2010s zero
posit interest rate lower bound interest rate period

Continued on next page
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Table 6 — continued from previous page

Symbol Description Parameter Initial value Source/remarks
category
MINT o £ Minimum lower bound NMFI de-  Free 0.004289 Calculated based on the 2010s zero
posit interest rate lower bound interest rate period
MANTrow Minimum lower bound RoW de-  Free -0.01033 Calculated based on the 2010s zero
posit interest rate lower bound interest rate period
PTEgTs Pass through of carbon pricing to  Free 1 Reasonable estimate based on re-
electricity prices search of carbon prices
SOCCRgvrTrLr Long run social contribution rate  Free 0.1393 Based on past data and OBR fiscal
on the HH sector set by the gov- forecasts
ernment
SPrguvta Mark down on government deposit  Free -0.002054 Based on average of the pre 2010s
interest rates zero lower bound period
SPTgutl Interest rate spread on GVT liabil-  Free 0.001794 Based on recent values
ities interest rates
SPThha Mark down on household deposit Free 0.003593 Based on average of the pre 2010s
interest rates zero lower bound period
SPThAl Interest rate spread on HH liabili-  Free 0.00577 Based on recent values
ties interest rates
SPTnfca Mark down on NFC deposit inter-  Free 0.005769 Based on average of the pre 2010s
est rates zero lower bound period
SPTnfel Interest rate spread on NFC liabil-  Free -0.0008321 Based on recent values
ities interest rates
SPTnm fia Mark down on NMFT deposit in-  Free 0.002524 Based on average of the pre 2010s
terest rates zero lower bound period
SPTrm fil Interest rate spread on NMFI lia-  Free 0.001641 Based on recent values
bilities interest rates
SPTpsi Interest rate spread on PS liabili-  Free -0.0008321 Based on recent values
ties interest rates
SPTrowa Mark down on RoW deposit inter-  Free -0.008781 Based on average of the pre 2010s
est rates zero lower bound period
QOBHH Parameter in the equation for Free 0.2 Estimate based on green housing
green home improvements investment data
QOBNFC Parameter in the equation govern-  Free -0.02402 Calibrated to generate the baseline
ing the proportion of gross green scenario
NFC gross capital formation
QOCHHP Constant parameter in the house- Free 0.2507 Calculated from Eq. (340)
hold consumption equation
QOCRNFEFC Parameter in the credit rationing Free -0.02062 Econometrically estimated
equation for the NFC sector
QOCRPS Parameter in the credit rationing Free -0.02854 Econometrically estimated and ad-
equation for the power sector justed to power sector initial con-
ditions
QODEFNFC Parameter in the power sector de-  Free -0.03222 Based on econometric estimates
fault equation
QODEFPS Parameter in the power sector de-  Free -0.02935 Based on econometric estimates,
fault equation adjusted for the power sector ini-
tial conditions
QOGCFNB Parameter in the HH gross capital  Free 7.679 Econometrically estimated
formation for new builds equation
QOGCFNFC Parameter in the NFC gross capi- Free -0.0135 Calibrated based on OBR projec-
tal formation equation tions
QOIMP Constant parameter in the Import  Free -0.0539 Set such that the ratio of imports
equation to final expenditure follows a path
consistent with OBR 2024 esti-
mates
QpH Parameter in the house price equa-  Free 1 Econometrically estimated
tion
Q0SOCB Parameter in the GVT social ben-  Free 0.0601 Econometrically estimated
efit equation
QOWR Constant parameter in the wage Free -0.6516 Econometrically estimated
rate share equation
Q18HH Parameter in the equation for Free 0.3038 Estimate based on green housing
green home improvements investment data
QIBNFC Parameter in the equation govern-  Free 0.1 Calibrated to generate the baseline
ing the proportion of gross green scenario
NFC gross capital formation
QICHHP Long run propensity to consume Free 0.7337 Econometrically estimated and ad-
out of disposable income justed
Q1CRNFC Parameter in the credit rationing Free 0.9316 Econometrically estimated
equation for the NFC sector
Q1CRPS Parameter in the credit rationing Free 0.9195 Econometrically estimated
equation for the power sector
Q1DEFNFC Parameter in the power sector de-  Free 0.1534 Based on econometric estimates

fault equation
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Q1DEFPS Parameter in the power sector de-  Free 0.1534 Based on econometric estimates
fault equation

QA1GCFNB Parameter in the HH gross capital  Free 1.224 Econometrically estimated
formation for new builds equation

QA1GCFNFC Parameter in the NFC gross capi- Free 0.04342 Econometrically estimated
tal formation equation

Q1GCFPSFF Parameter in the power sector Free 0.025 Selected based on past UK data to
fossil fuel gross capital formation generate the baseline projection
equation

Q1GCFPSNFF Parameter in the power sector non-  Free 0.03 Selected based on past UK data to
fossil fuel gross capital formation generate the baseline projection
equation

Q1lambda Parameter in the productivity Free 0.725 Reasonable estimate based on past
equation relating real GDP growth values, UK studies and calibrated
to productivity growth to generate the baseline projec-

tions

a1pH Parameter in the house price equa-  Free 1.04 Econometrically estimated
tion

Q1SOCB Parameter in the GVT social ben-  Free 0.5317 Econometrically estimated
efit equation

QIWR Long run relationship between un-  Free -0.8412 Econometrically estimated
employment rate and wage share
per worker

QBN FC Parameter in the equation govern-  Free 0.4 Calibrated to generate the baseline
ing the proportion of gross green scenario
NFC gross capital formation

QCHHP Long run propensity to consume Free 0.1645 Econometrically estimated and ad-
out of financial net worth justed

QCRNEFC Parameter in the credit rationing Free 0.003712 Econometrically estimated
equation for the NFC sector

Q2CRPS Parameter in the credit rationing Free 0.001823 Econometrically estimated
equation for the power sector

QODEFNFC Parameter in the power sector de-  Free 0.03139 Based on econometric estimates
fault equation

QODEFPS Parameter in the power sector de-  Free 0.03139 Based on econometric estimates
fault equation

QGCFNFEFC Parameter in the NFC gross capi- Free 0.3172 Econometrically estimated
tal formation equation

QGCFPSFF Parameter in the power sector Free 0.005 Selected based on past UK data to
fossil fuel gross capital formation generate the baseline projection
equation

QAGCFPSNEF Parameter in the power sector non-  Free 0.02 Selected based on past UK data to
fossil fuel gross capital formation generate the baseline projection
equation

Q2lambda Parameter in the productivity Free 0.025 Reasonable estimate based on past
equation relating real GCF growth values and UK studies
to productivity growth

QopH Parameter in the house price equa-  Free 0.539 Econometrically estimated
tion

Qa250CB Parameter in the NFC gross capi- Free 0.1392 Econometrically estimated
tal formation equation

Q3CRNEFC Parameter in the credit rationing Free 0.05689 Econometrically estimated
equation for the NFC sector

Q3CRPS Parameter in the credit rationing Free 0.0651 Econometrically estimated
equation for the power sector

QApDEF Parameter relating default rates to  Free 0.03078 Based on implied value from past
illiquidity ratios data

QADIVPNFC Rate of NFC sector dividend pay-  Free 0.4048 Set as the mean of past implied val-
ments relative to disposable in- ues
come

QADIVPNMFEI Proportion of primary NMFI net Free 0.7965 Set as the mean over past values
income distributed as dividends

aApIvVPPS Rate of power sector dividend pay-  Free 0.05453 Set as the mean of past implied val-
ments relative to output ues

OEQAHH Relationship between HH EQA  Model- 0.005407 Calculated from Eq. (362)
transfers and household equity constrained
stock

QOEQANFC Relationship between NFC EQA  Model- 0.01113 Calculated from Eq. (189)
transfers and total output from  constrained
production

OEQAPS Relationship between PS EQA  Model- 0.01298 Calculated from Eq. (114)
transfers and total output from constrained

production
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QEQNRoW Relationship between RoW EQA  Model- 0.01588 Calculated from Eq. (405)
transfers and total output constrained

QEQNTRRoW Relationship between net RoW eq- Model- 1.635 Calculated from Eq. (405)
uity transfers and RoW income constrained

QAFUELPSLR Long run technical coefficient of Free 0.3233 Assumes fossil fuel electricity is
fuel input to the power sector output is proportional to fuel input

and that at the initial condition
fuel price is normalised to equal 1

agp Conversion between real invest- Model- 0.00239 Calculated from Eq. (382)
ment in new houses and the build-  constrained
ing of new houses

QCHHHI Parameter relating household Free 0.008546 Estimated based on past values
home improvement investment to
overall GDP levels

QIBAGVT Relationship between GVT IBA  Model- 0.004541 Calculated from Eq. (306)
transfers and total output from  constrained
production

QIBANFC Relationship between NFC IBA  Model- 0.01086 Calculated from Eq. (188)
transfers and total output from constrained
production

QIBANMEFI Relationship between NMFI IBA  Model- 0.02611 Calculated from Eq. (248)
transfers and total output from  constrained
production

QIBAPS Relationship between PS IBA  Model- 0.0121 Calculated from Eq. (113)
transfers and total output from  constrained
power sector

QIBLHH Relationship between HH IBL  Model- 0.01579 Calculated from Eq. (365)
transfers and total output from  constrained
production

QIBLTR Parameter relating total housing Free 0.00175 Calculated based on ONS stock
value to household interest bearing data
liability transfers

QIMPLR Long run technical coefficient of Free 0.1957 Taken as the average implied tech-
imports nical coefficient over past data

QINS Relationship between HH insur- Model- 0.0008341 Calculated from Eq. (374)
ance transfers and total output constrained

AINSR Parameter relating NMFI dispos-  Free 1.372 Calculated based on past implied
able income to investment income values
on insurance schemes

QINSTR Insurance transfer payout rate Free 0.003204 Calculated from past data

apU Linear relationship between pro-  Free 0.2064 Approximated base on past data
duction price mark-up and unit
costs

QANELEC Pass through from gas and oil Free 2.557 Calculated using the mean over
prices to overall non-electric en- past data
ergy costs

QAOCONSGVT Parameter relating GDP output to  Free 0.081 Set based on OBR projections of
total government other consump- government spending and past
tion

QOPPSLR Long run technical coefficient of  Free 0.05029 Taken as the average implied tech-
other inputs to the power sector nical coefficient over past data

QpPENS Relationship between HH insur- Model- 0.06666 Calculated from Eq. (374)
ance transfers and total output constrained

QPENSR Parameter relating NMFI dispos-  Free 1.213 Calculated based on past implied
able income to investment income values
on pension schemes

QAPFUEL Relationship between wholesale Free 10.98 Based on initial data
gas prices and the price of a fuel
input to the power sector

QApPLR Long run technical coefficients of  Free 0.2742 Taken as the average implied tech-
internal production intermediate nical coefficient over past data
consumption

ApPSPSLR Long run technical coefficient of Free 0.3836 Taken as the average implied tech-
internal power sector intermediate nical coefficient over past data
consumption

Qrboe Parameter relating to inflation in  Free 0.9092 Set to generate observed early pe-
the BoE Taylor rule riod baseline behavior

QASOCBPENS Rate of social benefit payments Model- 0.008159 Calculated from Eq. (243)
relative to total value of pension constrained

schemes
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aAsoOCCw Rate of wage contribution to Model- 0.05693 Calculated from Eq. (242)
household social contribution for constrained
pension schemes (Defined contri-
bution)
Bann Relationship between household Model- 1.333 Calculated from Eq. (335)
equity holding and dividend distri- constrained
bution
Bdps Relationship between power sector  Model- 0.773 Calculated from Eq. (99)
holding and dividend distribution constrained
BELECH Proportion of electric energy use Free 0.205 Calculated from UK EPC data
in total energy use for non-electric
houses
BEQLNFC Parameter determining NFC eq- Model- -0.001676 Calculated from Eq. (195)
uity liability price revaluation rate  constrained
BEQLNMFI Parameter determining NMFI eq- Model- 0.008593 Calculated from Eq. (256)
uity liability price revaluation rate  constrained
BHBE Proportion of new build properties  Free 0.08422 Based on implied UK data and as-
which are fully electric sumed constant
BIBLGVTMFI Proportion of government borrow-  Free 0.3333 Based on ON experimental flow of
ing held by the MFT sector funds data 2020 and assumed con-
stant in simulations
BrerLavrNMFEI Proportion of government borrow-  Free 0.3333 Based on ON experimental flow of
ing held by the NMFI sector funds data 2020 and assumed con-
stant in simulations
BIBLGVTRoW Proportion of government borrow-  Free 0.3333 Based on ON experimental flow of
ing held by the RoW sector funds data 2020 and assumed con-
stant in simulations
BNELECGAS Proportion of non-electric energy  Free 0.55 Taken from 2023 data and assumed
provided by gas constant
BNELECOIL Proportion of non-electric energy  Free 0.45 Taken from 2023 data and assumed
provided by oil constant
BwW RPRI Parameter linking private sector Model- 1.01 Calculated from Eq. (59)
wage rate to overall economy wage  constrained
rate
BwWRPUB Parameter linking public sector  Model- 0.9731 Calculated from Eq. (60)
wage rate to overall economy wage  constrained
rate
S1CHHP Short run change in consumption Free 0 Set to O for initial projections
based on disposable income
01GCFNB Parameter in the HH gross capital  Free 0.1647 Econometrically estimated
formation for new builds equation
MIWR Differenced parameter in the wage Free 0.2018 Econometrically estimated
rate share equation
0oWR Differenced parameter in that wage  Free 0.4744 Econometrically estimated
rate share equation related to the
unemployment rate
SEQAHH Revaluation rate of HH EQAs Model- 0.005407 Calculated from EQ. (368)
constrained
SEQANFC Revaluation rate of NFC EQAs Model- 0.001397 Calculated from EQ. (194)
constrained
dEQAPS Revaluation rate of PS EQAs Model- 0.001397 Calculated from EQ. (119)
constrained
SEQLNFC Revaluation rate of NFC EQLs Model- 0.008192 Calculated from EQ. (195)
constrained
dEQLPS Revaluation rate of PS EQLs Model- 0.008192 Calculated from EQ. (120)
constrained
dEQN RoW Revaluation rate of RoW EQAs Model- 0.005344 Calculated from EQ. (408)
constrained
SIBAGVT Revaluation rate of GVT IBAs Model- 0.0007799 Calculated from EQ. (312)
constrained
OIBAHH Revaluation rate of HH IBAs Model- 0.0007537 Calculated from EQ. (367)
constrained
0IBANFC Revaluation rate of NFC IBAs Model- 0.001064 Calculated from EQ. (193)
constrained
SIBANMPFI Revaluation rate of NMFI IBAs Model- -0.0001727 Calculated from EQ. (253)
constrained
0IBAPS Revaluation rate of PS IBAs Model- 0.001064 Calculated from EQ. (118)
constrained
0IBARoW Revaluation rate of RoW IBAs Model- 0.0006782 Calculated from EQ. (407)
constrained
SIBLGVT Revaluation rate of GVT IBLs Model- -0.0008064 Calculated from 1. (313)
constrained
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OIBLHH Revaluation rate of NFC IBLs Model- -1.208e-06 Calculated from EQ. (196)
constrained
0IBLNFC Revaluation rate of NFC IBLs Model- -0.004033 Calculated from EQ. (196)
constrained
SIBLNMFI Revaluation rate of NMFI IBLs Model- 0.0009828 Calculated from EQ. (254)
constrained
0IBLPS Revaluation rate of PS IBLs Model- -0.004033 Calculated from EQ. (121)
constrained
OINS Revaluation rate of Insurance Model- -0.01428 Calculated from EQ. (374)
constrained
Okpe Constant depreciation rate of pro-  Free 0.02375 Calculated from implied rates
ductive capital based on capital stock data
dOTEQLNMFI Revaluation rate of NMFT residual  Model- 0.1996 Calculated from EQ. (256)
financial instrument constrained
dRESGVT Revaluation rate of GVT residual Model- 0.009843 Calculated from EQ. (314)
financial instrument constrained
ORESHH Revaluation rate of HH residual fi- Model- -0.6181 Calculated from EQ. (370)
nancial instrument constrained
OSRESNFC Revaluation rate of NFC residual = Model- -0.009193 Calculated from EQ. (198)
financial instrument constrained
OSRESNMFI Revaluation rate of NMFI residual ~ Model- -0.1662 Calculated from EQ. (259)
financial instrument constrained
ORESPS Revaluation rate of PS residual fi- Model- -0.09408 Calculated from EQ. (123)
nancial instrument constrained
ORESRoW Revaluation rate of RoW residual = Model- -0.01354 Calculated from EQ. (409)
financial instrument constrained
Origut Short run adjustment speed of Free 0.8 Reasonable number selected from
GVT interest rates to long run rate a range of values
Orinfe Short run adjustment speed of Free 0.5 Reasonable number selected from
NFC interest rates to long run rate a range of values
Orinmfi Short run adjustment speed of Free 0.5 Reasonable number selected from
NMFTI interest rates to long run a range of values
rate
Orips Short run adjustment speed of PS  Free 0.5 Reasonable number selected from
interest rates to long run rate a range of values
€ECHHP Error correction parameter for the  Free 0.1212 Econometrically estimated
household production consump-
tion equation
€EGCFNB Parameter in the HH gross capital  Free 0.5646 Econometrically estimated
formation for new builds equation
€EGDP Adjustment factor to GDP in order  Free 1.152 Calculated from initial data
to compare model GDP with data
based GDP
€maz Maximum energy intensity of pro- Free 0.002 Selected as a reasonable maximum
duction value based on UK past data
€min Minimum energy intensity of pro-  Free 0.00025 Selected such that it is reasonably
duction higher than 0
€EPH Parameter in the house price equa-  Free 0.06219 Econometrically estimated
tion
€rboe Adjustment parameter in the BoE  Free 0.125 Set to generate observed early pe-
Taylor rule riod baseline behavior
EWR Error correction parameter for Free 0.3237 Econometrically estimated
wage share equation
NGVTB Long run residual transaction dis- Free -0.002836 Taken as the mean of past data
crepancy of GVT sector relative to
GDP
NGVTT Long run lending discrepancy of Free -0.01756 Taken as the mean of past data
government sector relative to GDP
NHHB Long run lending discrepancy of H  Free -0.004357 Taken as the mean of past data
sector relative to GDP
NHHT Long run lending discrepancy of H  Free 0.06507 Taken as the mean of past data
sector relative to GDP
NMFIT Long run lending discrepancy of Free -0.01394 Taken as the mean of past data
MFT sector relative to GDP
NNEFCB Long run residual transaction dis-  Free -0.002931 Taken as the mean of past data
crepancy of NFC sector relative to
GDP
NNEFCT Long run lending discrepancy of Free -0.05163 Taken as the mean of past data
NFC sector relative to GDP
NNMFIB Long run residual transaction dis-  Free 0.005626 Taken as the mean of past data

crepancy of NMFI sector relative
to GDP
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NNMFIT Long run lending discrepancy of Free 0.01951 Taken as the mean of past data
NMFTI sector relative to GDP

nNpPSB Long run residual transaction dis-  Free -0.05267 Taken as the mean of past data
crepancy of PS sector relative to
GDP

TRoW B Long run residual transaction dis-  Free 0.0006594 Taken as the mean of past data
crepancy of RoW sector relative to
GDP

NRoWT Long run lending discrepancy of Free -0.001445 Taken as the mean of past data
RoW sector relative to GDP

K1 Parameter linking green to con-  Free 15 Calibrated such that the model
ventional non-electric capital ratio generates the baseline scenario
with the energy intensity of pro-
duction

Ko Parameter linking non-fossil fuel to  Free 0.4 Calibrated such that the model
fossil fuel electricity generation ra- generates the baseline scenario
tio with the capacity factor of non-
fossil fuel electricity generation

K3 Parameter linking green to con-  Free 10 Calibrated such that the model
ventional non-electric capital ratio generates the baseline scenario
with the ratio between electric and
non-electric energy use in produc-
tion

K4 Parameter linking green to con- Free 5 Calibrated such that the model
ventional non-electric capital ratio generates the baseline scenario
with the emission intensity of non-
electric energy

K5 Parameter linking green to con-  Free 0.25 Calibrated such that the model
ventional non-electric capital ratio generates the baseline scenario
with the emission intensity of fossil
fuel electricity production

Khie Adjusting constant for the balance ~ Model- 2.765 Calculated from Eq. ( 355)
between energy efficiency and elec-  constrained
trification home improvements (£
billion)

MUEgLEC Mark up of electricity prices above  Free 1.228 Calculated based on past data
the marginal cost of electricity pro-
duction

UMCELEC Parameter relating the marginal Free 0.325 Set as a reasonable estimate to
cost of fossil fuel electricty to the generate the baseline scenario
overall marginal cost of electricity

Wemaz Maximum emission intensity of Free 0.8 Selected as a reasonable maximum
electric fossil fuel based energy pro- value based on UK data
duction

Wemin Minimum emission intensity of Free 0.3 Selected such that it is reasonably
electric fossil fuel based energy pro- higher than 0
duction

Wnemaz Maximum emission intensity of Free 1 Selected as a reasonable maximum
non-electric energy production value based on UK data

Wnemin Minimum emission intensity of Free 0.225 Selected such that it is reasonably
non-electric energy production higher than 0

T Parameter linking green to con- Model- 0.003995 Calculated from Eq. (18)
ventional non-electric capital ratio  constrained
with the energy intensity of pro-
duction

T2 Parameter linking non-fossil fuel to ~ Model- 4.468 Calculated from Eq. (19)
fossil fuel electricity generation ra-  constrained
tio with the capacity factor of non-
fossil fuel electricity generation

3 Parameter linking green to con-  Model- 8.87 Calculated from Eq. (20)
ventional non-electric capital ratio  constrained
with the ratio between electric and
non-electric energy use in produc-
tion

T4 Parameter linking green to con- Model- 9.072 Calculated from Eq. (omega)
ventional non-electric capital ratio  constrained
with the emission intensity of non-
electric energy

5 Parameter linking green to con-  Model- 1.838 Calculated from Eq. (omega)
ventional non-electric capital ratio  constrained

with the emission intensity of fossil
fuel electricity production
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YEQNMFI Ratio determining NMFI EQA  Model- 0.3921 Calculated from Eq. (250)
transfers based on their liability constrained
transfers from other sectors
OELEC Maximum proportion of non-fossil  Free 0.975 Reasonable estimate slightly below
fuel electricity in the electricity 1 to account for the requirement
generation mix for fossil fuel electricity as a back-
stop
Ogut Parameter driving the size of the Free -22.92 Based on recent values
interest rate spread on GVT liabil-
ities
Ohh Parameter driving the size of the Free 24.3 Based on recent values
interest rate spread on HH liabili-
ties
Onfe Parameter driving the size of the Free 34.85 Based on recent values
interest rate spread on NFC liabil-
ities
Onmfi Parameter driving the size of the Free 21.63 Based on recent values
interest rate spread on NMFI lia-
bilities
Ops Parameter driving the size of the Free 34.85 Based on recent values
interest rate spread on PS liabili-
ties
T Adjustment parameter for vari- Free 0.125 Taken such that the adjustment
ables with long run constant values speed is reasonable
Tgut Adjustment speed to long run  Free 0.25 Set based on reasonable estimate
government income and spending and to generate the baseline sce-
rates nario
Tragut Adjustment speed of GVT interest  Free 0.75 Reasonable number selected to be
rates to long run rate faster than general rates based on
observed past interest rate behav-
ior
Trahh Adjustment speed of HH interest  Free 0.2 Reasonable number selected to be
rates to long run rate slower than general rates based on
observed past interest rate behav-
ior
Tranfec Adjustment speed of NFC interest  Free 0.5 Reasonable number selected from
rates to long run rate a range of values
Tranm§i Adjustment speed of NMFT inter-  Free 0.5 Reasonable number selected from
est rates to long run rate a range of values
Traps Adjustment speed of PS interest Free 0.5 Reasonable number selected from
rates to long run rate a range of values
Trigut Adjustment speed of GVT interest  Free 0.75 Reasonable number selected to be
rates to long run rate faster than general rates based on
observed past interest rate behav-
ior
Trlhh Adjustment speed of HH interest  Free 0.1391 Reasonable number selected to be
rates to long run rate slower than general rates based on
observed past interest rate behav-
ior
Trinfe Adjustment speed of NFC interest  Free 0.5271 Reasonable number selected from
rates to long run rate a range of values
Trinmfi Adjustment speed of NMFT inter-  Free 0.5271 Reasonable number selected from
est rates to long run rate a range of values
Trips Adjustment speed of PS interest Free 0.5271 Reasonable number selected from
rates to long run rate a range of values
Trnrow Adjustment speed of RoW interest  Free 0.5 Reasonable number selected from
rates to long run rate a range of values
Odivp Proportion of NMFI dividends dis- Model- 1.125 Calculated from Eq. (238)
tributed to other sectors constrained
OuEE Energy intensity of efficient electric =~ Model- 0.9783 Calculated from Eq. (11)
housing stock constrained
OgEN Energy intensity of efficient non-  Model- 2.242 Calculated from Eq. (14)
electric housing stock constrained
Omr Energy intensity of inefficient Free 5.607 Calculated from UK EPC data
housing stock
Opsp Share of power sector financial as-  Free 0.02744 Taken from ratio of power sector to
sets in overall assets firm loans from Bank of Endland
data
Osoch Payment rate on NMFI insurance  Model- 0.02552 Calculated from Eq. (243)
stock constrained
TRENDgpu Parameter in the equation for Free 0.0005668 Estimate based on green housing

green home improvements

investment data
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ACpp Average cost of power sector fossil  Model- 0.6176 Calculated from Eq. (88)
fuel electricity production (£ bil-  constrained
lion)

ACNFF Average cost of power sector non-  Model- 0.2039 Calculated from Eq. (87)
fossil fuel electricity production (£  constrained
billion)

CHIEER Cost of upgrading an energy ef- Free 10 10 (£ thousands) estimated cost of
ficient home to an electric home energy efficiency installations 2022
2022 prices (million homes/ £ bil- prices
lion)

CHIENR Cost of upgrading an energy in-  Free 7.529 7.5 (£ thousands) estimated cost of
efficient home to an efficient non- energy efficiency installations 2022
electric home 2022 prices (million price
homes/ £ billion)

CFNFF Capacity factor of non-fossil fuel = Model- 0.7215 Calculated from Eq. (7)
electricity production constrained

CONS Consumption (£ billion) Model- 459.5 Calculated from Eq. (25)

constrained

CONSgvyT Government consumption (£ bil- Model- 119.1 Calculated from Eq. (291)
lion) constrained

CONSgvTR Government consumption 2022  Model- 115 Calculated from Eq.
prices (£ billion) constrained (CONSgvTPR)

CONSph Household consumption (£ billion)  Free 340.4 Taken from the ONS UK economic
accounts 2024 adjusting for rents
and FISIM

CONSygp Household consumption (£ billion)  Model- 333.1 Calculated from Eq. (339)

constrained

CONSygupPRr Household consumption from pro- Model- 321.9 Calculated from Eq. (343)
duction 2022 prices (£ billion) constrained

CONSygups Household consumption from the Free 7.314 Taken from the ONS supply and
power sector (£ billion) use tables 2024

CONSpgygpsr  Household consumption from the  Model- 22.87 Calculated from Eq. (344)
power sector 2022 prices (£ billion)  constrained

CONSHuR Household  consumption 2022  Model- 328.9 Calculated from Eq. (342)
prices (£ billion) constrained

CONSg Real Consumption 2022 prices (£ Model- 444 Calculated from Eq. (29) and con-
billion) constrained sumption deflators

COSTgR Total economy energy costs from  Model- 47.68 Calculated from Eq. (COSTET)
electric and non-electric sources in-  constrained
cluding taxes (£ billion)

COSTNELEC Cost of non-electric energy (£ bil-  Free 27.86 Taken from DUKES table 1.1.6
lion) non-electric energy cost

COSTp Total ”cost” in production module  Model- 992.5 Calculated from Eq. (51)

(£ billion) constrained

COSTps Total ”cost” in power sector (£ bil-  Model- 43.18 Calculated from Eq. (82)
lion) constrained

COSTpsrFr Total cost of power sector fossil fuel ~ Model- 30.07 Calculated from Eq. (86)
electricity production (£ billion) constrained

COSTpsNFF Total cost of power sector non-  Model- 14.75 Calculated from Eq. (85)
fossil fuel electricity production (£  constrained
billion)

COVgrsp Proportion of production emissions  Free 0.1882 Taken as a rate consistent with UK
subject to ETS ETS revenue in 2022

COVErsps Proportion of power sector emis- Free 0.5 Taken as an estimate based on
sions subject to ETS OBR emission and tax forecasts

CRNFC Credit rationing rate for NFCs Free 0.1188 Constructed from credit conditions
index while assuming maximum
rationing rate of 40%

CRpg Credit rationing rate for power sec-  Free 0.1188 Constructed from credit conditions

tor index while assuming maximum
rationing rate of 40%

DEBTgpp Debt to GDP ratio (%) Free 81.66 Calculated from initial Govern-
ment debt and 23 levels

DEFnFc NFC default rates assumed to be Model- 0.02982 Calculated from EQ. (196)
proportional to NFC Revaluations  constrained

DEFpg PS default rates assumed to be Model- -0.02111 Calculated from EQ. (121)
proportional to PS Revaluations constrained

detra Determinant of I - A matrix for Model- 0.3869 Calculated from Eq. (165)
calculating Leiontief matrix coeffi- constrained

cients
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DISCgvr Lending discrepancy for the gov- Model- -8.678 Calculated from Eq. (305)
ernment sector (£ billion) constrained
DISChxyg Lending discrepancy for the HH  Model- 10.58 Calculated from Eq. (360)
sector (£ billion) constrained
DISCyrr Lending discrepancy for the MFI ~ Model- -21.13 Calculated from Eq. (222)
sector (£ billion) constrained
DISCNFc Lending discrepency for the NFC  Model- -35.52 Calculated from Eq. (187)
sector (£ billion) constrained
DISCNMFT Lending discrepancy for the NMFI ~ Model- 81.8 Calculated from Eq. (247)
sector (£ billion) constrained
DISCRrow Lending discrepancy for the RoW  Model- -27.05 Calculated from Eq. (403)
sector (£ billion) constrained
DIV Npow Net-Dividends received by the Free -5.44 Taken from the ONS UK economic
RoW sector (£ billion) accounts 2024
DIV PNxpce Dividends paid by the NFC sector  Free 44.34 Taken from the ONS UK economic
(£ billion) accounts 2024
DIV PNMFET Dividends paid by the NMFI sector ~ Model- 57.44 Calculated from Eq. (238)
(£ billion) constrained
DIV Ppg Dividends paid by the power sector  Free 1.251 Taken from the ONS UK economic
(£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
DIVRym Dividends received by the House-  Free 32.47 Taken from the ONS UK economic
hold sector (£ billion) accounts 2024
DIVRNFC Dividends received by the NFC  Free 24.28 Taken from the ONS UK economic
sector (£ billion) accounts 2024
DIVRNMFET Dividends recieved by the NMFI  Model- 51.04 Calculated from Eq. (238)
sector (£ billion) constrained
DIV Rpg Dividends received by the power Free 0.685 Taken from the ONS UK economic
sector (£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
E Total final energy use (TwH) Free 365.2 Taken from ONS DUKES table
1.1.5
EgrLEC Total final electricity use (TwH) Free 66.88 Taken from ONS DUKES table
1.1.5
EpLECFF Total final electricity use from fos-  Model- 26.91 Calculated from Eq. (8)
sil fuel sources (TwH) constrained
ErprLecH Total domestic final electricity use  Free 22.87 Taken from ONS DUKES table
(TwH) 115
EprecMmAx Maximum electrical energy pro- Model- 127.3 Calculated from Eq. (6)
duction (TwH) constrained
EgLECNFF Total final electricity use from non-  Free 39.97 Calculated from non-fossil fuel en-
fossil fuel sources (TwH) ergy supply proportions from UK
energy trends table 5.1
EgrLecp Electric energy use in production  Model- 44.01 Calculated from Eq. (5)
(TwH) constrained
Ey Total final domestic energy use Free 107.9 Taken from ONS DUKES table
(TwH) 115
ENELEC Total final non-electric energy use  Model- 298.4 Calculated from Eq. (12)
(TwH) constrained
ENELECH Non-electric energy use in housing  Model- 85.03 Calculated from Eq. (3)
(TwH) constrained
ENELECP Total final production non-electric ~ Model- 213.3 Calculated using Eq. (13)
energy use (TwH) constrained
Ep Total final energy use from produc-  Model- 257.3 Calculated from Eq. (1)
tion (TwH) constrained
EMIS Total greenhouse gas emissions Free 101.5 Taken from DESNZ final green-
(MtCO2e) house gas emissions table 1.2
EMISgLEC Total greenhouse gas emissions Free 13.72 Taken from DESNZ final green-
from electricty (MtCO2e) house gas emissions table 1.2
EMISNELEC Total greenhouse gas emis- Model- 87.83 Calculated from Eq. (15)
sions from non-electric energy  constrained
(MtCO2e)
EMP Total employed people (millions) Free 32.81 Taken from the ONS labour mar-
ket survey 2023
EMPpRrr Total employed people in the pri- Model- 27.01 Calculated from Eq. (36)
vate sector (millions) constrained
EMPpyp Total employed people in the pub-  Free 5.802 Taken from the ONS labour mar-
lic sector (millions) ket survey 2023
EQApg Equity assets of the HH sector (£  Free 1070 Taken from the ONS UK economic

billion)

accounts 2024
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EQANFC Equity assets of the NFC sector (£  Free 1379 Taken from the ONS UK economic
billion) accounts 2024
EQANMET Equity assets of the NMFI sector  Model- 3857 Calculated as the sum of other sec-
(£ billion) constrained tor equity liabilities
EQAps Equity assets of the power sector  Free 38.92 Taken from the ONS UK economic
(£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
EQATRpyy Equity asset net-transfers of the Free -19.04 Taken from the ONS UK economic
HH sector (£ billion) accounts 2024
EQATRNFc Equity asset net-transfers of the Free 13.59 Taken from the ONS UK economic
NFC sector (£ billion) accounts 2024
EQATRNymFEr  Equity assets transfers of the  Model- -15.75 Calculated from Eq. (250)
NMFT sector (£ billion) constrained
EQATRpg Equity asset net-transfers of the Free 0.3836 Taken from the ONS UK economic
power sector (£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
EQLNFC Equity liabilities of the NFC sector  Free 3751 Taken from the ONS UK economic
(£ billion) accounts 2024
EQLNMFT Equity liabilities of the NMFI sec- Model- 2522 Calculated as the sum of other sec-
tor (£ billion) constrained tor equity assets
EQLpgs Equity liabilities of the power sec-  Free 105.8 Taken from the ONS UK economic
tor (£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
EQLTRNFc Equity liabilities net-transfers of  Free -15.31 Taken from the ONS UK economic
the NFC sector (£ billion) accounts 2024
EQLTRNypr  Equity liability transfers of the  Model- -83.46 Calculated from Eq. (249)
NMFTI sector (£ billion) constrained
EQLTRpg Equity liabilities net-transfers of  Free -0.4321 Taken from the ONS UK economic
the power sector (£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
EQNpgrow Equity assets of the RoW sector (£  Free 34.07 Taken from the ONS UK economic
billion) accounts 2024
EQNTRRow Equity asset net-transfers of the Free -78.4 Taken from the ONS UK economic
RoW sector (£ billion) accounts 2024
ER Exchange Rate between domes- Free 1 Based on initial disparity between
tic productive prices and import price indices
prices
EXP Total Exports (£ billion) Free 235 Taken from the ONS UK economic
accounts 2024
EXPr Total exports 2022 prices (£ bil- Model- 226.6 Calculated from Eq. (396)
lion) constrained
Fp Final demand for production sec- Model- 786.6 Calculated from EQ. (47)
tor products constrained
Fpr Final demand of the production Model- 760 Calculated from Eq. (48)
sector £ billion) (IM Pg) constrained
Fpgs Final demand of the power sector =~ Model- 7.314 Calculated from Eq. (78)
(£ billion) constrained
Fpsr Final demand of the power sector = Model- 22.87 Calculated from Eq. (79)
£ billion) constrained
FAgvr Financial assets of the GVT sector =~ Model- 465 Calculated from Eq. (320)
(£ billion) constrained
FApg Financial assets of the HH sector = Model- 6785 Calculated from Eq. (376)
(£ billion) constrained
FAyrr Financial assets of the MFI sector = Model- 7701 Calculated from Eq. (224)
(£ billion) constrained
FANFC Financial assets of the NFC sector = Model- 2654 Calculated from Eq. (203)
(£ billion) constrained
FANMET Financial assets of the NMFI sec- Model- 9090 Calculated from Eq. (264)
tor (£ billion) constrained
FApg Financial assets of the power sector =~ Model- 74.88 Calculated from Eq. (128)
(£ billion) constrained
FLgvr Financial liabilities of the GVT  Model- 2517 Calculated from Eq. (321)
sector (£ billion) constrained
FLpg Financial liabilities of the HH sec- Model- 2083 Calculated from Eq. (377)
tor (£ billion) constrained
FLyrr Financial liabilities of the MFI sec- Model- 7591 Calculated from Eq. (228)
tor (£ billion) constrained
FLNFc Financial liabilities of the NFC sec-  Model- 5380 Calculated from Eq. (204)
tor (£ billion) constrained
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FLNMFET Financial liabilities of the NMFI  Model- 9191 Calculated from Eq. (265)
sector (£ billion) constrained
FLpg Financial liabilities of the power Model- 151.8 Calculated from Eq. (129)
sector (£ billion) constrained
FNW Overall financial net worth - should ~ Model- 3.411e-13 Calculated from Eq. (445)
equal 0 by definition constrained
FNWgvT Financial net-worth of the GVT  Free -1854 Taken from the ONS UK economic
sector (£ billion) accounts 2024 adjusted to account
for Maastricht debt
FNWavrm Model determined financial net- Model- -2052 Calculated from Eq. (322)
worth of the GVT sector (£ billion)  constrained
FNWgg Financial net-worth of the HH sec-  Free 4382 Taken from the ONS UK economic
tor (£ billion) accounts 2024
FNWgaMm Model determined financial net- Model- 4701 Calculated from Eq. (378)
worth of the HH sector (£ billion)  constrained
FNW Overall model determined financial =~ Model- 5.684e-13 Calculated from Eq. (444)
net worth - should equal 0 by defi- constrained
nition
FNWyFr Financial net-worth of the MFI  Model- 40.74 Calculated from Eq. (231)
sector (£ billion) constrained
FNWyrrm Model determined financial net- Model- 110.3 Calculated from Eq. (229)
worth of the MFI sector (£ billion)  constrained
FNWnNFEc Financial net-worth of the NFC  Free -2991 Taken from the ONS UK economic
sector (£ billion) accounts 2024
FNWNroMm Model determined financial net- Model- -2726 Calculated from Eq. (205)
worth of the NFC sector (£ billion)  constrained
FNWNMFEI Financial net-worth of the NMFI  Free 161.8 Taken from the ONS UK economic
sector (£ billion) accounts 2024
FNWNMFEIM Model determined financial net- Model- -100.9 Calculated from Eq. (266)
worth of the NMFI sector (£ bil-  constrained
lion)
FNWpg Financial net-worth of the power Free -84.4 Taken from the ONS UK economic
sector (£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
FNWpsy Model determined financial net- Model- -76.91 Calculated from Eq. (130)
worth of the power sector (£ bil-  constrained
lion)
FNWRrow Financial net-worth of the RoW  Free 344.7 Taken from the ONS UK economic
sector (£ billion) accounts 2024
FNWgRrow M Model determined financial net- Model- 143.8 Calculated from Eq. (205)
worth of the NFC sector (£ billion)  constrained
g Nominal GDP growth rate Model- 1.009 Calculated from Eq. (32)
constrained
GCF Gross fixed capital formation (£ Model- 99.49 Calculated from Eq. (26)
billion) constrained
GCFgyr Gross capital formation of the gov-  Free 20.76 Taken from the ONS UK economic
ernment sector (£ billion) accounts 2024
GCFavre Conventional gross capital forma- Model- 19.61 Calculated from Eq. (297)
tion of the GVT sector (£ billion)  constrained
GCFavrTcRr Conventional gross capital forma- Model- 19.02 Calculated from Eq. (301)
tion of the GVT sector 2022 prices  constrained
(£ billion)
GCFgvra Gross capital formation of the Free 1.153 Taken by assuming government
GVT sector (£ billion) has the same initial proportion of
green investment as the NFC sec-
tor
GCFagvrTar Green gross capital formation of Model- 1.119 Calculated from Eq. (300)
the GVT sector 2022 prices (£ bil-  constrained
lion)
GCFgvTR Gross capital formation of the Model- 20.14 Calculated from Eq. (299)
GVT sector 2022 prices (£ billion)  constrained
GCFynu Gross capital formation of the Free 29.33 Taken from the ONS UK economic
household sector (£ billion) accounts 2024
GCFyHuI Household Gross capital formation = Model- 1.559 Calculated from Eq. (346)
in home improvement 2022 prices constrained
(£ billion)
GCFyyureer Gross fixed capital formation in  Model- 0.06804 Calculated from Eq. (356)
electrification home improvements constrained
2022 prices (£ billion)
GCFygprenr Gross fixed capital formation in en-  Free 0.1437 Calculated such that initial value

ergy efficiency home improvements
2022 prices (£ billion)

is reasonable

Continued on next page

79



Table 7 — continued from previous page

Symbol Description Variable cat- Initial value Source/remarks
egory
GCFyHHIER Gross fixed capital formation in en-  Model- 0.2117 Calculated from Eq. (353)
ergy efficient home improvements constrained
2022 prices (£ billion)
GCFHHHINR Gross fixed capital formation in  Model- 1.3 Calculated from Eq. (354)
non-energy home improvements constrained
2022 prices (£ billion)
GCFyHHIR Gross fixed capital formation in  Model- 1.512 Calculated from Eq. (350)
home improvements 2022 prices (£  constrained
billion)
GCFyuNB Gross fixed capital formation in  Model- 27.77 Calculated from Eq. (350)
new houses 2022 prices (£ billion)  constrained
GCFygHNBR Gross fixed capital formation in  Free 26.94 Taken from the ONS UK economic
new houses 2022 prices (£ billion) accounts 2024
GCFyur Gross fixed capital formation in  Model- 28.45 Calculated from Eq. (350)
new houses (£ billion) constrained
GCFNFCo Gross capital formation of the NFC  Free 47.24 Taken from the ONS UK economic
sector (£ billion) accounts 2024
GCFnFcco Conventional gross capital forma- Model- 44.62 Calculated from Eq. (181)
tion of the NFC sector (£ billion) constrained
GCFNFCOCR Conventional gross capital forma- Model- 43.28 Calculated from Eq. (184)
tion of the NFC sector 2022 prices  constrained
(£ billion)
GCFNFcD Desired NFC gross capital forma-  Model- 53.61 Calculated from Eq. (178)
tion constrained
GCFNFca Green gross capital formation of  Free 2.625 Based on UK Government Green
the NFC sector (£ billion) Financing: Allocation Report 2024
GCFNFOGR Green gross capital formation of Model- 2.546 Calculated from Eq. (183)
the NFC sector 2022 prices (£ bil-  constrained
lion)
GCFNFCR Gross capital formation of the NFC ~ Model- 45.82 Calculated from Eq. (182)
sector 2022 prices (£ billion) constrained
GCFpsrr Gross capital formation of fossil Model- 0.6638 Calculated from Eq. (104)
fuel power capital (£ billion) constrained
GCFpsrrp Desired PS fossil fuel gross capital ~Model- 0.7533 Calculated from Eq. (104)
formation constrained
GCFpsrrRr Gross capital formation of fossil Model- 0.6438 Calculated from Eq. (134)
fuel power capital 2022 prices (£ constrained
billion)
GCFpsNFF Gross capital formation of non-  Model- 1.489 Calculated from Eq. (105)
fossil fuel power capital (£ billion)  constrained
GCFpsNFFD Desired PS non-fossil gross capital ~Model- 1.69 Calculated from Eq. (105)
formation constrained
GCFpsNFFR Gross capital formation of non- Model- 1.444 Calculated from Eq. (140)
fossil fuel power capital 2022 prices  constrained
(£ billion)
GCFpspr Gross capital formation of the Model- 2.088 Calculated from Eq. (109)
power sector 2022 prices (£ billion)  constrained
GCFR Real gross fixed capital formation = Model- 96.5 Calculated from Eq. (30) and
2022 prices (£ billion) constrained GFCF deflators
GDP Gross domestic product (£ billion)  Model- 567.5 Calculated from Eq. (23)
constrained
GDPgr Real gross domestic product 2022  Model- 546.2 Calculated from Eq. (28)
prices (£ billion) constrained
GDPRrE Labour-determined potential GDP  Model- 567.3 Calculated using Eq. (44)
(£ billion) constrained
GDPrri Capital-determined potential GDP  Model- 670.1 Calculated using Eq. (46)
(£ billion) constrained
GDPRryAx Maximum real supply constrained  Model- 567.3 Calculated using Eq. (41)
GDP (£ billion) constrained
GO Total output (£ billion) Model- 1174 Calculated from Eq. (27)
constrained
GOp Gross output from production (£ Model- 1135 Calculated from Eq. (50)
billion) constrained
GOpRr Production sector gross output Model- 1096 Calculated from Eq. (49)
2022 prices (£ billion) constrained
GOpg Gross output from the power sec- Model- 38.71 Calculated from Eq. (50)
tor (£ billion) constrained
GOpsr Power sector gross output 2022 Model- 121 Calculated from (80)
prices (£ billion) constrained
GOg Total output (£ billion 2022 prices)  Model- 1134 Calculated from Eq. (31)
constrained
GOSp Gross operating surplus from pro-  Model- 142.4 Calculated from Eq. (52)
duction (£ billion) constrained
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GOSpg Gross operating surplus of the Model- -4.474 Calculated Eq. (83)
power sector (£ billion) constrained
H Total number of UK properties Free 30.06 From UK census data
(millions)
Hggp Total number of UK energy effi- Free 0.9634 From UK EPC data
cient electric properties (EPC rat-
ing C and above with electric pri-
mary fuel) (millions)
Hgn Total number of UK energy effi- Free 16.69 From UK EPC data
cient non-electric properties (EPC
rating C and above with non-
electric primary fuel) (millions)
Hy Total number of UK non-energy  Free 12.4 From UK EPC data
efficient non-electric properties
(EPC rating D and below) (mil-
lions)
HB Number of houses built in the UK Model- 0.021 Calculated as the change in house
(millions) constrained numbers based on housing data
HV AL Total value of housing stock (£ bil-  Model- 8727 Calculated from Eq. (388)
lion) constrained
IBAgvT Interest bearing assets of the gov-  Free 465 Taken from the ONS UK economic
ernment sector (£ billion) accounts 2024
IBApg Interest bearing assets of the HH  Free 2151 Taken from the ONS UK economic
sector (£ billion) accounts 2024
IBANFC Interest bearing assets of the NFC  Free 1274 Taken from the ONS UK economic
sector (£ billion) accounts 2024
IBANMFI Interest bearing assets of the Free 4394 Taken from the ONS UK economic
NMFT sector (£ billion) excluding accounts 2024
government borrowing
IBApg Interest bearing assets of the power  Free 35.96 Taken from the ONS UK economic
sector (£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
IBATRgvyT Interest bearing asset net-transfers  Free -9.236 Taken from the ONS UK economic
of the GVT sector (£ billion) accounts 2024
IBATRyy Interest bearing asset net-transfers  Free 15.41 Taken from the ONS UK economic
of the HH sector (£ billion) accounts 2024
IBATRNFT Interest bearing asset transfers of Model- -155.3 Calculated from Eq. (225)
the MFI sector (£ billion) constrained
IBATRNFC Interest bearing asset net-transfers  Free -37.73 Taken from the ONS UK economic
of the NFC sector (£ billion) accounts 2024
IBATRNMFT Interest bearing asset net-transfers  Free -141.5 Taken from the ONS UK economic
of the NMFT sector (£ billion) accounts 2024
IBATRpg Interest bearing asset net-transfers  Free -1.065 Taken from the ONS UK economic
of the power sector (£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
IBLgvT Interest bearing liabilities of the  Free 2517 Taken from UK government Maas-
government sector (£ billion) tricht debt data
IBLgvTMFEI Interest bearing liabilities of the Free 838.9 Taken as a proportion of total gov-
government sector held by MFIs (£ ernment IBLs based on flow of
billion) funds data
IBLgyrNMmFEr  Interest bearing liabilities of the — Free 838.9 Taken as a proportion of total gov-
government sector held by NMFIs ernment IBLs based on flow of
(£ billion) funds data
IBLGvTRoW Interest bearing liabilities of the  Free 838.9 Taken as a proportion of total gov-
government sector held by RoW (£ ernment IBLs based on flow of
billion) funds data
IBLyy Interest bearing liabilities of the  Free 2083 Taken from the ONS UK economic
HH sector (£ billion) accounts 2024
IBLNpc Interest bearing liabilities of the  Free 1628 Taken from the ONS UK economic
NFC sector (£ billion) accounts 2024
IBLnNMFET Interest bearing liabilities of the  Free 3105 Taken from the ONS UK economic
NMFI sector (£ billion) accounts 2024
IBLpg Interest bearing liabilities of the Free 45.94 Taken from the ONS UK economic
power sector (£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
IBLTRgvyT Interest bearing liabilities net-  Free 65.64 Taken from the ONS UK economic

transfers of the GVT sector (£ bil-
lion)

accounts 2024
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IBLTRgvTMmFEr Interest bearing liabilities transfers  Free 21.88 Taken as a proportion of total gov-
of the government sector held by ernment IBLs based on flow of
MFIs (£ billion) funds data

IBLTRgvTnNMFnterest bearing liabilities transfers  Free 21.88 Taken as a proportion of total gov-
of the government sector held by ernment IBLs based on flow of
NMFIs (£ billion) funds data

IBLTRGvTRow Interest bearing liabilities transfers  Free 21.88 Taken as a proportion of total gov-
of the government sector held by ernment IBLs based on flow of
RoW (£ billion) funds data

IBLTRym Interest bearing liabilities net-  Free 15.36 Taken from the ONS UK economic
transfers of the HH sector (£ bil- accounts 2024
lion)

IBLTRNFI Interest bearing liability transfers Model- -146.3 Calculated from Eq. (226)
of the MFI sector (£ billion) constrained

IBLTRNFC Interest bearing liabilities net-  Free -51.33 Taken from the ONS UK economic
transfers of the NFC sector (£ bil- accounts 2024
lion)

IBLTRNMFT Interest bearing liability net-  Free -139.8 Taken from the ONS UK economic
transfers of the NMFI sector (£ accounts 2024
billion)

IBLTRpg Interest bearing liabilities net-  Free -1.448 Taken from the ONS UK economic
transfers of the power sector (£ bil- accounts 2024 with the power sec-
lion) tor accounting for a fixed propor-

tion of NFC financial variables

IBNRrow Interest bearing assets of the RoW  Free -729.2 Taken from the ONS UK economic
sector (£ billion) accounts 2024

IBNTRRow Interest bearing asset net-transfers  Free 27.85 Taken from the ONS UK economic
of the RoW sector (£ billion) accounts 2024

ICryELPS Intermediate consumption of the Free 15.75 Taken from the ONS supply and
power sector for fuel products use tables 2024

ICrUELPSR Intermediate consumption of the Model- 15.75 Calculated from Eq. (163)
power sector for fuel products (£ constrained
bn 2022 prices)

ICopps Intermediate consumption of the Model- 8.833 Calculated from Eq. (162)
power sector for other production  constrained
products (£ billion)

ICoppsr Intermediate consumption of the Model- 8.534 Calculated from Eq. (164)
power sector for other products (£  constrained
bn 2022 prices)

ICpp Internal intermediate consumption  Free 323.6 Taken from the ONS supply and
of the production sector use tables 2024

ICpps Intermediate consumption of the Free 24.58 Taken from the ONS supply and
power sector for production prod- use tables 2024
ucts

ICpgsp Intermediate consumption of the  Free 14.07 Taken from the ONS supply and
production sector for power sector use tables 2024
products

ICpspr Real intermediate consumption of  Model- 44.01 Calculated from Eq. (156)
the production sector for power constrained
sector products (£bn 2022 prices)

ICpsps Internal intermediate consumption  Free 17.32 Taken from the ONS supply and
of the power sector use tables 2024

ILLIQps Illiquidity ratio of the power sector =~ Model- 1.1 Calculated from Eq. (147)

constrained

IMP Total Imports (£ billion) Free 226.4 Taken from the ONS UK economic

accounts 2024

IM PR Total imports 2022 prices (£ bil- Model- 220.9 Calculated from Eq. (395)
lion) constrained

INF, UK annual CPI inflation rate Free 0.107 From ONS CPI data

INS Total Insurance stock - asset of Free 970.5 Taken from the ONS UK economic
households and a liability of the accounts 2024
NMFTI sector (£ billion)

INSR Income payable on insurance enti-  Free 3.14 Taken from the ONS UK economic
tlements accounts 2024

INSTR Total Insurance stock net transfers  Free -2.347 Taken from the ONS UK economic
- asset of households and a liability accounts 2024
of the NMFT sector (£ billion)

INTAX Total income tax received by the Model- 99.07 Calculated from Eq. (281)
government (£ billion) constrained

INTAX gy Income tax paid by the household  Free 79.91 Taken from the ONS UK economic
sector (£ billion) accounts 2024

INTAXNFC Income tax paid by the NFC sector  Free 19.16 Taken from the ONS UK economic

(£ billion)

accounts 2024
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INTAXRyg Income tax rate of Households Model- 0.2193 Calculated from Eq. (284)
constrained
INTAXRnFc  Income tax rate of NFCs Model- 0.05261 Calculated from Eq. (282)
constrained
INTNRow Net-Interest received by the RoW  Free 19.52 Taken from the ONS UK economic
sector (£ billion) accounts 2024
INTPgyT Interest received by the GVT sec-  Free 32.87 Taken from the ONS UK economic
tor (£ billion) accounts 2024
INTPyy Interest received by the HH sector  Free 15.46 Taken from the ONS UK economic
(£ billion) accounts 2024
INTPyFr Interest paid by the MFI sector (£ Model- 66.65 Calculated from Eq. (221)
billion) constrained
INTPNFpc Interest paid by the NFC sector (£  Free 10.28 Taken from the ONS UK economic
billion) accounts 2024
INTPNMFT Interest paid by the NMFI sector  Free 18.85 Taken from the ONS UK blue book
(£ billion) 2023, annual data converted to
quarterly using cubic spline inter-
polation
INTPps Interest paid by the power sector  Free 0.2902 Taken from the ONS UK economic
(£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
INTRgvT Interest received by the GVT sec-  Free 3.089 Taken from the ONS UK economic
tor (£ billion) accounts 2024
INTRpy Interest received by the HH sector  Free 5.36 Taken from the ONS UK economic
(£ billion) accounts 2024
INTRNFPT Interest received by the MFI sector =~ Model- 77.75 Calculated from Eq. (220)
(£ billion) constrained
INTRNFC Interest received by the NFC sector  Free 4.206 Taken from the ONS UK economic
(£ billion) accounts 2024
INTRNMFI Interest received by the NMFI sec-  Free 34.35 Taken from the ONS UK blue book
tor (£ billion) 2023, annual data converted to
quarterly using cubic spline inter-
polation
INTRps Interest received by the power sec-  Free 0.1187 Taken from the ONS UK economic
tor (£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
ITAX Total indirect tax received by the Model- 65.35 Calculated from Eq. (270)
government (£ billion) constrained
ITAXNELEC ETS tax on non-electric energy  Model- 0.1102 Calculated from Eq. (272)
production constrained
ITAXp Total indirect taxes - subsidies on  Free 64.07 Taken from the ONS UK economic
production (£ billion) accounts 2024
ITAXpg Total indirect taxes - subsidies on  Free 1.284 Taken from the ONS supply and
the power sector (£ billion) use tables 2024
ITAXpsrr Indirect tax of the power sector on  Model- 0.5441 Calculated from Eq. (277)
fossil fuel electricity production (£  constrained
billion)
ITAXpsNFF Indirect tax of the power sector on  Model- 0.7403 Calculated from Eq. (278)
non-fossil fuel electricity produc-  constrained
tion (£ billion)
ITAXRp Indirect tax rate (excluding ETS) Model- 0.05636 Calculated from Eq. (273)
of the production sector constrained
ITAXRpgs Indirect tax rate (excluding ETS) Model- 0.032 Calculated from Eq. (276)
of power sector constrained
Kgyr GVT capital(£ billion) Model- 886.7 Calculated from Eq. (328)
constrained
Kavre Conventional GVT capital(£ bil- Model- 851.2 Calculated from Eq. (329)
lion) constrained
KovrTer Conventional GVT capital stock Model- 825.6 Calculated from Eq. (325)
2022 prices (£ billion) constrained
Kevra Green GVT capital(£ billion) Model- 35.47 Calculated from Eq. (330)
constrained
KaovrTRr Capital stock of the GVT sector Free 860 Taken from the ONS capital stock
2022 prices (£ billion) tables 2023
Knrc NFC capital(£ billion) Model- 2501 Calculated from Eq. (211)
constrained
Knyrcco Conventional NFC capital(£ bil- Model- 2401 Calculated from Eq. (212)
lion) constrained
Knrcoccr Conventional NFC capital stock Model- 2329 Calculated from Eq. (208)
2022 prices (£ billion) constrained
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Knyrca Green NFC capital(£ billion) Model- 100 Calculated from Eq. (213)
constrained
KNFCR Capital stock of the NFC sector Free 2426 Taken from the ONS capital stock
2022 prices (£ billion) tables 2023
Kp Total production capital (£ billion)  Model- 3388 Calculated from Eq. (71)
constrained
Kpe Total conventional production cap-  Model- 3252 Calculated from Eq. (73)
ital (£ billion) constrained
Kpcr Real total conventional production  Model- 3155 Calculated from Eq. (76)
capital 2022 prices (£ billion) constrained
Kpg Total green production capital (£ Model- 135.5 Calculated from Eq. (72)
billion) constrained
Kpcr Real total green production capital  Model- 131.4 Calculated from Eq. (75)
2022 prices (£ billion) constrained
Kpr Real total production capital 2022  Model- 3286 Calculated from Eq. (74)
prices (£ billion) constrained
Kps Capital stock of the power sector(£  Free 132.5 Taken from the ONS capital stock
billion) tables 2023 assuming D351 capital
is proportion to the sectors GVA in
the supply and use tables 2023
Kpsrr Power sector fossil fuel capital (£ Model- 79.51 Calculated from Eq. (143)
billion) constrained
Kpsrrr Power sector fossil fuel capital 2022  Model- 77.12 Calculated from Eq. (133)
prices (£ billion) constrained
KpsNFF Power sector non-fossil fuel capital ~Model- 57.11 Calculated from Eq. (143)
(£ billion) constrained
KpsNFFR Non-fossil fuel capital stock of the  Free 55.4 Calculated using DUKES table 5.7
power sector (£ billion)
Kpsr Capital stock of the power sector  Free 132.5 Taken from the ONS capital stock
2022 prices (£ billion) tables 2023 assuming D351 capital
is proportion to the sectors GVA in
the supply and use tables 2023
Lpp Leiontief coefficient for internal Model- 1.428 Calculated from Eq. (166)
intermediate consumption of the constrained
production sector
Lpps Leiontief coefficient for the pow-  Model- 0.5184 Calculated from Eq. (167)
ersector intermediate consumption  constrained
of the production products
Lpsp Leiontief coefficient for the produc-  Model- 0.1037 Calculated from Eq. (168)
tion sector intermediate consump-  constrained
tion of the power products
Lpsps Leiontief coefficient for internal Model- 1.847 Calculated from Eq. (169)
intermediate consumption of the constrained
power sector
LEND Overall net lending - should equal  Model- 0 Calculated from Eq. (443)
0 by definition constrained
LENDgyT Net-lending position of the GVT  Free -41.27 Taken from the ONS UK economic
sector (£ billion) accounts 2024
LENDgvTM Model determined net-lending po- Model- -32.59 Calculated from Eq. (303)
sition of the government sector (£  constrained
billion)
LENDgyy Net-lending position of the HH sec-  Free -0.471 Taken from the ONS UK economic
tor (£ billion) accounts 2024
LENDygMm Model determined net-lending po-  Model- -11.05 Calculated from Eq. (358)
sition of the HH sector (£ billion)  constrained
LEND Overall model determined net Model- 5.44 Calculated from Eq. (442)
lending - should equal 0 by defini-  constrained
tion
LEND ) Frr Net-lending position of the MFI  Free -15.47 Taken from the ONS UK economic
sector (£ billion) accounts 2024
LENDyFIM Model determined net lending of Model- 11.1 Calculated from Eq. (219)
the MFI sector (£ billion) constrained
LENDNFc Net-lending position of the NFC  Free 14.28 Taken from the ONS UK economic
sector (£ billion) accounts 2024
LENDNFcMm Model determined net-lending po- Model- 49.81 Calculated from Eq. (185)
sition of the NFC sector (£ billion)  constrained
LENDNMFT Net-lending position of the NMFI  Free 66.38 Taken from the ONS UK economic
sector (£ billion) accounts 2024
LENDNyFIv Model determined net-lending po-  Model- -15.42 Calculated from Eq. (245)
sition of the NMFI sector (£ bil-  constrained
lion)
LENDpg Net-lending position of the power  Model- -7.365 Calculated from Eq. (112)
sector (£ billion) constrained

Continued on next page

84



Table 7 — continued from previous page

Symbol Description Variable cat- Initial value Source/remarks
egory
LENDgow Net-lending position of the RoW  Free -16.09 Taken from the ONS UK economic
sector (£ billion) accounts 2024
LENDRow M Disposable income of the rest of Model- 10.96 Calculated from Eq. (399)
the world (£ billion) constrained
LEVNFEC Leverage ratio of the NFC sector Model- 0.651 Calculated from Eq. (215)
constrained
LEVps Leverage ratio of the power sector =~ Model- 0.3467 Calculated from Eq. (146)
constrained
LF Labour force (millions) Free 34.08 Taken from the ONS labour mar-
ket survey 2023
MAASADJ Maastricht debt adjustment to in-  Free -94.69 Calculated from past data
terest bearing liability stock of the
government sector
MCgrrLEC Marginal cost of overall electricity = Model- 0.4365 Calculated from Eq. (91)
generation (£ bn/ TwH) constrained
MCpp Marginal cost of fossil fuel electric-  Model- 0.5868 Calculated from Eq. (90)
ity generation (£ bn/ TwH) constrained
NWgvyr GVT net worth (£ billion) Model- -967.2 Calculated from Eq. (331)
constrained
NWyng HH net worth (£ billion) Model- 13110 Calculated from Eq. (390)
constrained
NWnFro NFC net worth (£ billion) Model- -489.9 Calculated from Eq. (214)
constrained
NWps Net worth of the power sector (£ Model- 48.12 Calculated from Eq. (145)
billion) constrained
OCONSgvT Other consumption of the Govern-  Free 57.57 Taken from the ONS UK economic
ment sector (£ billion) accounts 2024 by deducting gov-
ernment wages and gross operating
surplus from total government con-
sumption
OTgqQAanH Revaluations of equity assets of the  Model- 57.13 Calculated from Eq. (200)
NFC sector (£ billion) constrained
OTgqQANFC Revaluations of equity assets of the  Model- -42.8 Calculated from Eq. (194)
NFC sector (£ billion) constrained
OTEQANMFI Revaluations of equity assets of the ~ Model- 180.3 Calculated from Eq. (255)
NMFT sector (£ billion) constrained
OTEQaPs Revaluations of equity assets of the  Model- -1.208 Calculated from Eq. (119)
power sector (£ billion) constrained
OTEQLNFC Revaluations of equity liabilities of  Model- 175.3 Calculated from Eq. (195)
the NFC sector (£ billion) constrained
OTEQLNMFI Revaluations of equity liabilities of = Model- 127.1 Calculated from Eq. (256)
the NMFTI sector (£ billion) constrained
OTgqLps Revaluations of equity liabilities of  Model- 4.948 Calculated from Eq. (120)
the power sector (£ billion) constrained
OTEQNRow Revaluations of equity assets of the = Model- 114 Calculated from Eq. (408)
RoW sector (£ billion) constrained
OTrpacvT Revaluations of interest bearing as-  Model- -3.454 Calculated from Eq. (312)
sets of the GVT sector (£ billion)  constrained
OTIBAHH Revaluations of interest bearing as-  Model- -1.288 Calculated from Eq. (371)
sets of the HH sector (£ billion) constrained
OTiBANFC Revaluations of interest bearing as-  Model- -0.5874 Calculated from Eq. (193)
sets of the NFC sector (£ billion) constrained
OTiBANMFI Revaluations of interest bearing as-  Model- -149.3 Calculated from Eq. (253)
sets of the NMFI sector (£ billion)  constrained
OTrpaps Revaluations of interest bearing as-  Model- -0.01658 Calculated from Eq. (118)
sets of the power sector (£ billion)  constrained
OTrBAROW Revaluations of interest bearing as-  Model- 71.83 Calculated from Eq. (407)
sets of the RoW sector (£ billion)  constrained
OTrgravr Revaluations of interest bearing li-  Model- 7.012 Calculated from Eq. (313)
abilities of the GVT sector (£ bil-  constrained
lion)
OTrpruH Revaluations of interest bearing li-  Model- -0.567 Calculated from Eq. (375)
abilities of the HH sector (£ bil-  constrained
lion)
OTiBLNFC Revaluations of interest bearing li- Model- 34.72 Calculated from Eq. (196)
abilities of the NFC sector (£ bil-  constrained
lion)
OTIBLNMFI Revaluations of interest bearing li-  Model- -63.68 Calculated from Eq. (254)
abilities of the NMFT sector (£ bil-  constrained
lion)
OTrprLps Revaluations of interest bearing li-  Model- 0.9797 Calculated from Eq. (121)
abilities of the power sector (£ bil-  constrained

lion)
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Symbol Description Variable cat- Initial value Source/remarks
egory
OTrNs Revaluations of insurance assets of ~ Model- 244.8 Calculated from Eq. (374)
the HH sector (£ billion) constrained
OTpENs Revaluations of pension assets of Model- 37.02 Calculated from Eq. (373)
the HH sector (£ billion) constrained
OTRrEscvT Revaluations of residual financial = Model- -34.38 Calculated from Eq. (379)
instrument of the HH sector (£ bil-  constrained
lion)
OTRESHH Revaluations of residual financial Model- -286.8 Calculated from Eq. (379)
instrument of the HH sector (£ bil-  constrained
lion)
OTRESNFC Revaluations of residual financial = Model- -38.3 Calculated from Eq. (206)
instrument of the NFC sector (£ constrained
billion)
OTRESNMFI Revaluations of residual financial Model- 371.4 Calculated from Eq. (267)
instrument of the NMFI sector (£  constrained
billion)
OTRrESPS Revaluations of residual financial Model- 6.687 Calculated from Eq. (131)
instrument of the power sector (£  constrained
billion)
OTRESRoW Revaluations of residual financial Model- -0.8433 Calculated from Eq. (413)
instrument of the RoW sector (£  constrained
billion)
P GDP price deflator indexed at Q4  Model- 1.039 Calculated from Eq. (33)
2022 constrained
PrrLEC Price of electricity (£billion/TwH)  Model- 0.3198 Calculated by dividing implied
constrained prices to households and produc-
tion and taking the average
PELECLR Long run electricity price (£bn / Model- 0.3198 Set equal to initial electricity price
TwH) constrained
Prrs ETS Price £ bn/MtCO2e adjusted  Free 0.006664 Based on initial government in-
for 2024 pricing come from the ETS scheme in 2022
PrueL Price of fuel inputs to the power Model- 1 Calculated from Eq. (154)
sector constrained
Pgas Wholesale gas price in the UK Free 0.06182 From OBR estimates 2024
Py House prices (£ billion per million  Free 290.3 Taken as the average house price
houses) from the UK house price index
Pr Import prices Free 1.035 Taken from the ONS UK eco-
nomic accounts 2024 and nor-
malised around the initial condi-
tion
PNnELEC Price of non-electricity energy Free 0.09337 Calculated by dividing total non-
(£billion/TwH) electric costs from DUKES table
1.1.6 by non-electric energy use
PNELECT Non-electric energy price including  Model- 0.09374 Calculated from Eq. (68)
energy taxes (£ billion) constrained
Porr Wholesale oil price in the UK Free 0.05405 From OBR estimates 2024
Pp Production sector price level Model- 1.035 Calculated
constrained
PENS Total pension scheme stock - asset  Free 2594 Taken from the ONS UK blue book
of households and a liability of the accounts 2023 - converted to quar-
NMFT sector (£ billion) terly data using cubic spline inter-
polation
PENSApyJ Adjustment to pension entitle- Model- 21.44 Calculated from Eq. (244)
ments as defined within the SNA  constrained
(£ bn)
PENSR Income payable on pension entitle-  Free 21.39 Taken from the ONS UK economic
ments accounts 2024
PENSTR Total pension scheme stock net  Free 21.44 Taken from the ONS UK blue book
transfers - asset of households and accounts 2023 - converted to quar-
a liability of the NMFI sector (£ terly data using cubic spline inter-
billion) polation
POP Total 16+ population (millions) Free 54.55 Taken from OBR data
TBOE Bank of England annual base rate  Free 0.0225 From Bank of England data
TBOEQ Quarterly Bank of England inter- Model- 0.005578 Calculated from Eq. (416)
est rate constrained
TIBAGVT rate of return on GVT interest Model- 0.006466 Calculated from Eq. (286)
bearing assets constrained
TIBAGVTLR Long run interest bearing asset in- Model- 0.007632 Calculated from Eq. (424)
terest rates for the GVT sector constrained
TIBAHH rate of return on HH interest bear-  Model- 0.002509 Calculated from Eq. (333)
ing assets constrained
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Symbol Description Variable cat- Initial value Source/remarks
egory
TIBAHHLR Long run interest bearing asset in-  Model- 0.002509 Calculated from Eq. (426)
terest rates for the household sec-  constrained
tor
TIBANFC rate of return on NFC interest Model- 0.003204 Calculated from Eq. (171)
bearing assets constrained
TIBANFCLR Long run interest bearing asset in- Model- 0.003204 Calculated from Eq. (418)
terest rates for the NFC sector constrained
TIBANMPFI rate of return on NFC interest Model- 0.004994 Calculated from Eq. (236)
bearing assets constrained
TIBANMPFILR Long run interest bearing asset in-  Model- 0.004289 Calculated from Eq. (422)
terest rates for the NMFTI sector constrained
TIBAPS rate of return on PS interest bear- Model- 0.003204 Calculated from Eq. (96)
ing assets constrained
TIBAPSLR Long run interest bearing asset in-  Model- 0.003204 Calculated from Eq. (420)
terest rates for the Power sector constrained
TIBLGVT rate of return on GVT interest Model- 0.01345 Calculated from Eq. (287)
bearing liabilities constrained
TIBLHH rate of return on HH interest bear-  Model- 0.007475 Calculated from Eq. (334)
ing liabilities constrained
TIBLNFC rate of return on NFC interest Model- 0.006253 Calculated from Eq. (172)
bearing liabilities constrained
TIBLNMFI rate of return on NMFI interest Model- 0.005697 Calculated from Eq. (237)
bearing liabilities constrained
TIBLPS rate of return on PS interest bear- Model- 0.006253 Calculated from Eq. (97)
ing liabilities constrained
TIBNRoW rate of return on RoW interest Model- -0.01033 Calculated from Eq. (INTRgow )
bearing assets constrained
TIBNRoWLR Long run net interest bearing asset  Model- 0.01436 Calculated from Eq.
interest rates for the RoW sector constrained (rrBAROWLR)
re Rate of employment Free 0.9627 Taken from the ONS labour mar-
ket survey 2023
RESgvT Residual finalcial instrument of the = Model- 197.9 Calculated from Eq. (324)
GVT sector (£ billion) constrained
RESuH Residual financial instrument of Model- -319.2 Calculated from Eq. (380)
the H sector (£ billion) constrained
RESNFr Residual financial instrument of Model- -69.54 Calculated from Eq. (231)
the MFT sector (£ billion) constrained
RESNFC Residual finalcial instrument of the ~ Model- -265.3 Calculated from Eq. (207)
NFC sector (£ billion) constrained
RESNMFET Residual financial instrument of  Model- 262.7 Calculated from Eq. (268)
the NMFTI sector (£ billion) constrained
RESpg Residual finalcial instrument of the ~ Model- -7.486 Calculated from Eq. (132)
power sector (£ billion) constrained
RESRow Residual financial instrument of Model- 200.9 Calculated from Eq. (207)
the NFC sector (£ billion) constrained
RESTRgvT Residual financial instrument Model- 33.6 Calculated from Eq. (307)
transfer of the GVT sector (£ constrained
billion)
RESTRuyH Residual financial instrument Model- -0.5674 Calculated from Eq. (361)
transfer of the HH sector (£ constrained
billion)
RESTRMFI residual financial instrument trans-  Model- -6.416 Calculated from Eq. (227)
fers of the MFI sector (£ billion) constrained
RESTRNFC Residual  financial instrument Model- -28.23 Calculated from Eq. (191)
transfer of the NFC sector (£ constrained
billion)
RESTRNMFET Residual financial instrument Model- -2.405 Calculated from Eq. (251)
transfer of the NMFI sector (£ constrained
billion)
RESTRps Residual  financial instrument Model- -8.565 Calculated from Eq. (116)
transfer of the PS sector (£ bil- constrained
lion)
RESTRRow Residual financial instrument Model- 12.58 Calculated from Eq.
transfer of the RoW sector (£ constrained (IBATRRow)
billion)
RPNFC Retained profits of the NFC sector ~ Model- 97.05 Calculated from Eq. (101)
(£ billion) constrained
RPpg Retained profits of the power sec- Model- -5.212 Calculated from Eq. (101)
tor (£ billion) constrained
U Rate of unemployment Model- 0.03726 Calculated from Eq. (45)
constrained
SAVHu Household savings (£ billion) Model- -27.69 Calculated from Eq. (345)
constrained
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egory
SOCB Total social benefits received by  Model- 103.5 Calculated from Eq. (338)
the Household sector (£ billion) constrained
SOCBgvT Social benefits paid by the Govern-  Free 82.8 Taken from the ONS UK economic
ment sector (£ billion) accounts 2024
SOCBNMFT Social benefits paid by the NMFI  Free 20.68 Taken from the ONS UK economic
sector (£ billion) accounts 2024
socc Total social contributions paid by = Model- 97.5 Calculated from Eq. (337)
the Household sector (£ billion) constrained
SOCCgvT Social contributions received by  Free 55.38 Taken from the ONS UK economic
the Government sector (£ billion) accounts 2024
SOCCNMFT Social contributions received by  Free 42.13 Taken from the ONS UK economic
the NMFTI sector (£ billion) accounts 2024
SOCCRgvyT Social contribution rate on govern-  Model- 0.152 Calculated from Eq. (288)
ment social contributions constrained
u Rate of capital capacity utilisation  Free 0.815 Based on data from the directorate
General for Economic and Finan-
cial Affairs - 2021 and 2022 extrap-
olated
uc Unit costs of the production mod-  Model- 0.9052 Calculated from Eq. (54)
ule constrained
w Total wages including mixed in-  Free 364.3 Taken from the ONS UK economic
come (£ billion) accounts 2024
Wprr Total private wages (£ billion) Model- 302.8 Calculated from Eq. (63)
constrained
Wpun Total public wages (£ billion) Free 61.49 Taken from the ONS UK blue book
accounts 2023 - converted to quar-
terly data using cubic spline inter-
polation
Ws Wage share of GDP Model- 0.6419 Calculated from Eq. (57)
constrained
WR Overall wage rate (£ thousands) Model- 11.1 Calculated from Eq. (58)
constrained
WRpRrr Private sector wage rate (£ thou- Model- 11.21 Calculated from Eq. (61)
sands) constrained
WRpuB Public sector wage rate (£ thou- Model- 10.6 Calculated from Eq. (62)
sands) constrained
YDgvr Government disposable income (£ Model- 107.2 Calculated from Eq. (269)
billion) constrained
YDyu Household disposable income (£ Model- 312.7 Calculated from Eq. (336)
billion) constrained
YDnrc NFC disposable income (£ billion)  Model- 117.1 Calculated from Eq. (173)
constrained
YDNMFI NMFI disposable income (£ bil- Model- 9.106 Calculated from Eq. (235)
lion) constrained
YDpgs Disposable income of the power Model- -4.646 Calculated from Eq. (98)
sector (£ billion) constrained
YPpg Household income from production = Model- 386.7 Calculated from Eq. (332)
(£ billion) constrained
Y PnFc NFC income from production (£ Model- 136.3 Calculated from Eq. (170)
billion) constrained
Y Prow RoW income from production (£ Model- -8.561 Calculated from Eq. (391)
billion) constrained
QAFUELPS Technical coefficient for the power = Model- 0.1301 Calculated from Eq. (163)
sector intermediate consumption constrained
of fuel products
arpp Technical coefficient for the pro- Model- 0.2015 Calculated from Eq. (163)
duction sector intermediate con-  constrained
sumption of imports
aopps Technical coefficient for the power  Model- 0.07051 Calculated from Eq. (164)
sector intermediate consumption constrained
of other production products
app Technical coefficient for internal Model- 0.2852 Calculated from Eq. (159)
intermediate consumption of the constrained
production sector
apps Technical coefficient for the power ~ Model- 0.2006 Calculated from Eq. (155)
sector intermediate consumption constrained
of production products
apsp Technical coefficient for the pro- Model- 0.04014 Calculated from Eq. (151)
duction sector intermediate con-  constrained
sumption of the power products
apsps Technical coefficient for internal Model- 0.4474 Calculated from Eq. (161)
intermediate consumption of the constrained

power sector
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egory

BaCcFHH Estimate of initial proportion of Free 0.14 Estimate based on ONS data and
home improvement spending on to generate the baseline scenario
energy efficiency

Bgvt Proportion of government green in-  Model- 0.05556 Calculated from Eq. (296)
vestment constrained

Bnfe Proportion of NFC green invest- Model- 0.05556 Calculated from Eq. (180)
ment constrained

BNFF Share of non-fossil fuel electrical Model- 0.5976 Calculated from Eq. (84)

energy in total electrical energy  constrained
production

Okp Depreciation rate of Production Free 0.02149 Calculated from the ONS capital
sector capital stock tables 2023
OKPSFF Depreciation rate of power sector  Free 0.01227 Calculated from the ONS capital
fossil capital stock tables 2023
OKPSNFF Depreciation rate of power sector  Free 0.01227 Calculated from the ONS capital
non-fossil capital stock tables 2023
€ Energy intensity of production Model- 0.2347 Calculated from Eq. (2)
(TwH) constrained
A Labour productivity rate - GDP  Model- 16.64 Calculated using Eq. (39)
per employee constrained
m Mark up over unit costs for the do-  Model- 0.16 Calculated from Eq. (53)
mestic production module constrained
v Capital productivity rate Model- 0.2039 Calculated from Eq. (40)
constrained
WELEC Emission  intensity of fossil Model- 0.5098 Calculated from Eq. (17)
fuel electric energy production constrained
(MtCO2e/TwH)
WNELEC Emission  intensity of non- Model- 0.2944 Calculated from Eq. (16)
electric energy production  constrained
(MtCO2e/TwH)
Op Share of electric energy for produc-  Model- 0.171 Calculated from Eq. (10)
tion in total energy for production  constrained
(TwH)

C Econometric Results

Econometric results estimated through the process outlined in Philips (2018) are presented here. we
only present estimates that ultimately were used in the model as in some cases econometric
estimates were not meaningful from an economic standpoint and alternative calibration techniques
were employed. The basis for all estimates are provided in Table 6 and additional information on
estimates is available on request.

D Sensitivity Analysis

D.1 Reducing Carbon Price Pass Through

In the results presented so far, the pass through from increasing carbon prices to general prices is
quite strong. Carbon price increases are included within indirect taxation within the production cost
equation (Eq. (48)) that is then passed through to higher prices in the price equation (Eq. (49)). As
discussed in Section 4, the degree to which carbon prices would pass through to overall prices is
debatable. Given the level of uncertainty around this channel, we choose to assess the impacts of
reducing the pass through of carbon prices to general prices by 50%. Some results comparing the
original “Carbon Price Increase” to the lower pass through “Carbon Price Increase - Low PT” are
shown in Figure 11.

The lower pass through dampens the initial spike in inflationary pressure from the policy and lowers
inflationary pressures throughout the period, as shown in Figure 11a. This is then reflected in a
reduced base rate throughout the period in Figure 11b. Lower inflation and interest rates slightly
reduce the negative impact on GDP, shown in Figure 11c. Although the second-order negative
impacts of inflation on output are reduced, sectors still face the same higher costs from the carbon
price rise, and this is still reflected in a lowering of demand and overall GDP. Emissions, on the other
hand, are not strongly impacted, being slightly lower in the original Carbon Price scenario with full
pass through, shown in Figure 11d. This is due to the greater green investment in gross terms for
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Table 8: Household Consumption Equation Econometric Results

Dependent variable: A LogCONSHH

Sample: 1989Q4 - 2022Q4

Observations: 133

Bounds F-statistic: 16.5385 (Cointegration, Lower bound = 3.79, Upper bound = 4.85)
Model type: ECM

Variable Estimate Std. Error t-statistic p-value
(Intercept) 0.0442 0.03 1.64 0.10
L(LogCONSHH, 1) -0.1568*** 0.02 -7.01 0.00
LogYDHH 0.122%** 0.02 5.65 0.00
LogFNWHH 0.0219. 0.01 1.91 0.06
A( L(LogCONSHH, 1)) -0.3399*** 0.04 -8.19 0.00
A( L(LogCONSHH, 2)) -0.0945* 0.04 -2.22 0.03
A( L(LogCONSHH, 3)) 0.2024*** 0.04 5.17 0.00
dummy2009 -0.0103 0.01 -0.70 0.49
dummycovid -0.3297*** 0.01 -22.26 0.00

R-squared: 0.8454

Adjusted R-squared: 0.8354

F-statistic: 84.7641 (df=8,124)

p-value: 1.428e-46

Signif. codes: 0 “***’ 0.001 “**’ 0.01 *** 0.05 ‘.” 0.1

the low pass through scenario being outweighed by higher energy demand due to increased economic
activity when the pass through level is reduced. NFC credit rationing falls in the lower pass-through
scenario, as shown in Figure 11le as slightly lower firm income is outweighed by higher demand and
lower costs of borrowing such that firms are able to get access to more credit compared to the full
pass-through scenario (although there is still a significant increase in rationing compared to the
baseline). In terms of the public debt to GDP ratio, shown in Figure 11f, the outcome here is
changed compared to the full pass through scenario. The less severe impact on economic activity,
while still maintaining the same increase in government income from the carbon price rise, leads to a
long term fall in the debt to GDP ratio compared to the baseline.

These results suggest that the degree to which carbon price increases will negatively impact
economic activity is driven in part by the degree to which they pass through general prices.
However, regardless of the degree of pass through, this policy is always in general contractionary.
Understanding to what degree price increases are likely to be passed through to end users will be
crucial to understanding the impacts of increasing carbon prices. This also determines whether the
policy ultimately improves or worsens the governments overall financial position. This latter point is
of significant interest when looking at designing policy mixes, as carbon prices or carbon taxes may
be used to fund other green government spending with the aim of creating a fiscally neutral policy
package. This, however, will only be possible if the carbon price does improve the governments
finances, which for the UK model is found to only be the case when the pass through of the policy to
overall prices is reduced.

D.2 Housing responsiveness to the housing subsidy

Within the results of the main scenarios, the response of households to the subsidy is relatively
neutral. Households are assumed to pay the same gross amount in green home improvements when
the subsidy is active, which, as the subsidy reduces the cost of green home improvements, means the
total amount of green home improvements taking place increases. For the main scenario, this
translates into an increase of 67% in green home improvement investment. However, households’
response to a home improvement subsidy is unclear and will depend on factors outside the model,
such as changing perceptions and how well the subsidy is publicised. The response to the subsidy
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Figure 11: Comparison between normal high pass through and low pass through carbon pricing

scenarios
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Table 9: Firm Investment Equation Econometric Results

Dependent variable: GCFNFC
Sample: 1995Q4 - 2022Q4
Observations: 109

Model type: ARDL in levels

Variable Estimate Std. Error t-statistic p-value
(Intercept) -0.0117 0.01 -1.45 0.15
L(GCFNFC, 1) 0.3181** 0.09 3.36 0.00
Util 0.0435%** 0.01 4.23 0.00
dummycovid 0.0061 0.00 1.49 0.14

R-squared: 0.2828

Adjusted R-squared: 0.2623

F-statistic: 13.8029 (df=3,105)

p-value: 1.179e-07

Signif. codes: 0 “***’ 0.001 “**’ 0.01 “*’ 0.05 ‘. 0.1

Table 10: Household New Build Investment Equation Econometric Results

Dependent variable: A LogGCFHH

Sample: 2009Q2 - 2022Q4

Observations: 55

Bounds F-statistic: 52.9042 (Cointegration, Lower bound = 4.94, Upper bound = 5.73)
Model type: ECM

Variable Estimate Std. Error t-statistic p-value
(Intercept) -4.3355*** 0.42 -10.21 0.00
L(LogGCFHH, 1) -0.5646%** 0.06 -9.31 0.00
LogHVAL 0.691 17+ 0.07 10.24 0.00
A( L(LogGCFHH, 1)) -0.1647** 0.05 -3.19 0.00
dummycovid -0.5501*** 0.03 -15.87 0.00

R-squared: 0.9028

Adjusted R-squared: 0.895

F-statistic: 116.1321 (df=4,50)

p-value: 1.152e-24

Signif. codes: 0 “***’ 0.001 “**’ 0.01 **’ 0.05 *.” 0.1

may be an acceleration in household home improvement investment where many households who
previously would not have been in a position to undertake home improvements now, with the help of
the subsidy, are able to. However, if the subsidy amount is insufficient or poorly publicised, then
take-up may be muted and mainly be used by households who would have already undertaken this
investment without the subsidy. The following scenarios present a high-sensitivity scenario (Green
Housing Subsidy - HS), where the subsidy leads to a significant increase in home improvement
investments of 178% and a low-sensitivity scenario (Green Housing Subsidy - LS) where the increase
is only 29%. The results are shown in Figure 12.

Different sensitivities lead to significant differences in the overall investment in green home
improvement in Figure 12a. However, green home improvements are still a relatively small part of
overall economic activity, and without significant spillover effects of the policy, the impact on GDP is
still minor in Figure 12b, with higher sensitivities leading only to a marginal increase in the overall
GDP level. There is similarly a marginal increase in the inflationary pressure of the policy, and this
is greater for the high-sensitivity scenario, as shown in Figure 12c. Some minor spillovers can be
observed in the case of the proportion of green power investment in Figure 12d, where this rises
marginally when more home improvements occur due to the increased demand for electricity that
incentivises the power sector to invest. Despite modest macroeconomic impacts, the impact on
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Table 11: Wage Share Econometric Results

Dependent variable: A WAGESHARE

Sample: 2012Q2 - 2022Q4

Observations: 43

Bounds F-statistic: 12.8426 (Cointegration, Lower bound = 4.94, Upper bound = 5.73)
Model type: ECM

Variable Estimate Std. Error t-statistic p-value
(Intercept) 0.2109%** 0.04 5.03 0.00
L(WAGESHARE, 1) -0.323 74 0.06 -5.02 0.00
L(Unemprate, 1) -0.2723%* 0.09 -2.92 0.01
A( L(WAGESHARE, 1))  -0.2018* 0.08 -2.65 0.01
A( Unemprate) -1.4219* 0.65 -2.17 0.04
A( L(Unemprate, 1)) 1.8963** 0.66 2.88 0.01
dummycovid 0.0895%** 0.01 11.60 0.00

R-squared: 0.8745

Adjusted R-squared: 0.8536

F-statistic: 41.8215 (df=6,36)

p-value: 8.757e-15

Signif. codes: 0 “***’ 0.001 “**’ 0.01 *** 0.05 *.” 0.1

emissions increases significantly when households are more sensitive to the subsidy, as shown in
Figure 12e. This highlights the targetted nature of the housing subsidy and reflects that household
emissions make up a considerable portion of total emissions in the UK. The impact on public
finances, shown through the DEBT-GDP ratio, is shown in Figure 12f. The greater sensitivity
households have to the policy, the more they make use of the subsidy and the greater the subsidy
related expenses for the government; with marginal rises in GDP this puts greater pressure on the
government finances and increases the debt-GDP ratio.

These sensitivity results highlight some interesting properties of the green housing subsidy. Firstly,
the effectiveness of the policy, in terms of emission reduction, is greatly impacted by the degree to
which it influences the behaviour of households. Therefore, understanding this will be essential to
designing effective household subsidy approaches. As the policy is highly targeted, it has limited
wider macroeconomic impacts, which could be seen as a negative if pursuing a more “green growth”
policy agenda, however it could also be seen as a positive in that this reduces the risk of
environmental rebound effects. The uncertainty in the impact on government finances poses a
challenge for this kind of policy, as governments might wish for a more predictable impact on
government finances. This uncertainty could be mitigated by capping the total available subsidy
funding as has been the case for similar policies implemented in the UK since 2010.

D.3 Electricity Price Floor

In the scenario results, there was a significant behavioural impact when policies led to a fall in
electricity prices. Due to marginal-cost pricing of electricity, it is possible for prices to fall
significantly, particularly when an energy transition is achieved in the power sector. Lower electricity
prices incentivise green investment while simultaneously eroding the income of the power sector and
leading to financial instability within this sector. In reality, electricity prices may not fall as
significantly as a marginal price system might suggest. This could be due to energy regulation
setting a price floor, some level of oligopolistic power in the power sector, or the ability to sell
electricity overseas. Any of these situations might lead to a higher long-term electricity price than
the projections would suggest. To consider the impacts of adjusting the price system within the
model, we will look at the case of setting a price floor for electricity which is related to the average
costs of the power sector, such that when the marginal cost-based price falls sufficiently, this price
floor kicks in and stops any further price reductions. This system still allows for a non-fossil fuel
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Figure 12:
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Table 12: Firm Loan Default Rate

Dependent variable: A DEF yFC

Sample: 1997Q4 - 2022Q4

Observations: 101

Bounds F-statistic: 37.1791 (Cointegration, Lower bound = 4.94, Upper bound = 5.73)
Model type: ECM

Variable Estimate Std. Error t-statistic p-value
(Intercept) -0.0328. 0.02 -1.76 0.08
L(DEF_NFC, 1) -0.8337*** 0.10 -8.49 0.00
ILLIQ_NFC 0.0322. 0.02 1.91 0.06
dummycovid -0.0293 0.02 -1.55 0.12

R-squared: 0.4356

Adjusted R-squared: 0.4182

F-statistic: 24.9589 (df=3,97)

p-value: 4.723e-12

Signif. codes: 0 “**’ 0.001 “**’ 0.01 “*** 0.05 *.” 0.1

Table 13: Firm Credit Rationing Rate

Dependent variable: ACR_NFC

Sample: 2008Q2 - 2022Q4

Observations: 59

Bounds F-statistic: 2.7202 (No cointegration, Lower bound = 3.79, Upper bound = 4.85)
Model type: ARDL in differences

Variable Estimate Std. Error t-statistic p-value
(Intercept) -0.0206 0.04 -0.58 0.57
CR_NFC_L1 -0.0684** 0.02 -3.48 0.00
DSR_NFC -0.0037*** 0.00 -5.63 0.00
FLMFIFAMFI 0.0569. 0.03 1.72 0.09

R-squared: 0.3751

Adjusted R-squared: 0.341

F-statistic: 11.0025 (df=3,55)

p-value: 9.181e-06

Signif. codes: 0 “***’ 0.001 “**’ 0.01 **’ 0.05 *.” 0.1

transition to continue to reduce electricity prices, as the average cost of non-fossil fuel electricity
generation is still lower than that of fossil fuels, however, it mitigates against the severe fall in power
sector income seen within the main results. Changing the price system impacts both the baseline
and the scenarios, the most impacted scenario being the power sector subsidy. Therefore, results will
be presented for both the baseline and green power subsidy with the alternate price system (ALTP
in the figure). The results are shown in Figure 13.

The impact on electricity prices, shown in Figure 13a, is higher long-term electricity prices in both
the baseline and the Green power subsidy scenarios. In particular, the reduction in price when
compared to the baseline is also much more modest for the green power subsidy due to the impact of
a transition to fully non-fossil fuel energy having less of an impact on the electricity price. This leads
to elevated overall inflation levels for the alternative pricing scenarios in 13b and no long-term
inflation reduction that was seen for the green power subsidy in the main results. The more modest
impact on electricity prices leads to a lower behavioural impact on general green non-power
investment in Figure 13 ¢, with the alternative price system leader having much less of a positive
spillover effect than in the case where electricity prices are allowed to fall significantly. The total
emission reductions, shown in Figure 13d, are significantly lower with the alternate price system,
suggesting that a large proportion of the positive spillover effects of the green power subsidy are
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Table 14: Government social benefit payment equation

Dependent variable: A SOCBGVT/GDP

Sample: 2007Q1 - 2022Q4

Observations: 64

Bounds F-statistic: 15.5971 (Cointegration, Lower bound = 4.94, Upper bound = 5.73)
Model type: ECM

Variable Estimate Std. Error t-statistic p-value
(Intercept) 0.0609*** 0.01 5.25 0.00
L(SOCBGVT_GDP, 1) -0.4739%** 0.09 -5.55 0.00
UnempRate 0.1402%* 0.05 2.92 0.00
dummycovid 0.0344*** 0.01 6.21 0.00

R-squared: 0.5533

Adjusted R-squared: 0.531

F-statistic: 24.7737 (df=3,60)

p-value: 1.491e-10

Signif. codes: 0 “**’ 0.001 “**’ 0.01 “*** 0.05 *.” 0.1

related to the impact this policy has on electricity prices. The negative financial impact on the
power sector is now reduced, as shown in figure 13 e, and credit is more available in both the
baseline and policy scenarios. There is still a sharp increase in credit rationing for the green power
subsidy scenario once the subsidy stops being provided due to a non-fossil fuel electricity transition
being achieved. This suggests even with the price floor the long term financial stability of the power
sector is threatened and further government-based or other interventions could be required. Finally,
the public-Debt-GDP ratio, shown in 13f, is increased within the alternative pricing system, mainly
due to the reduced positive spillover effects on economic activity from lower electricity prices.

These results highlight an interesting trade-off around the reduction in electricity prices and power
sector investment. On the one hand, lower electricity prices are expansionary and have a behavioural
impact on green investments throughout the model. However, lower electricity prices could be
unsustainable for the power sector itself. Intervening by setting a price floor reduces some of the
positive environmental impacts of the green power subsidy, while supporting the power sector
financially. It is likely that some intervention would be required if the marginal price system leads to
the severity of a cannibalisation effect seen within the main results. This could be in the form of a
price cap as seen here, there could also be an effort to allow electricity to be exported, although the
effectiveness of this relies on European counties not carrying out their own non-fossil fuel power
transition. Other options could involve continued financial support to the power sector while
allowing electricity prices to fall, which would maintain some of the environmental benefits of the
non-fossil power transition but would put even greater pressure on government finances. Further
interventions could include a more active role for the government in the power sector through partial
or complete nationalisation.
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Figure 13:
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Table 15: House Price Equation

Dependent variable: A Log(PriceHouse/POP)

Sample: 2009Q3 - 2022Q4

Observations: 54

Bounds F-statistic: 7.5321 (Cointegration, Lower bound = 4.94, Upper bound = 5.73)
Model type: ECM

Variable Estimate Std. Error t-statistic p-value
(Intercept) 0.1688* 0.08 2.23 0.03
L(Log(PriceHouse/POP), 1) -0.0706* 0.03 -2.67 0.01
L(LogYDHH_POP, 1) 0.1159** 0.03 3.37 0.00
A( L(Log(PriceHouse/POP), 1))  0.8273*** 0.11 7.27 0.00
A( L(Log(PriceHouse/POP), 2)) -0.5317*** 0.11 -4.67 0.00
A( Log(YDHH/POP)) 0.0427 0.07 0.59 0.56
A( L(Log(YDHH/POP), 1)) 10.3306%** 0.07 -4.68 0.00
A( L(Log(YDHH/POP), 2)) 10,268+ 0.06 4.13 0.00
dummycovid -0.0239* 0.01 -2.63 0.01

R-squared: 0.7329

Adjusted R-squared: 0.6854

F-statistic: 15.4315 (df=8,45)

p-value: 1.275e-10

Signif. codes: 0 “***’ 0.001 “**’ 0.01 *** 0.05 *.” 0.1
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