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1. Introduction

This document describes the technical details of version 1.1 of the DEFINE (Dynamic Ecosys-
tem FINance-Economy)-UK model. DEFINE-UK is a country-specific application of the DEFINE
modelling framework first developed by Dafermos et al. (2017). Drawing on the stock-flow consis-
tent approach, DEFINE provides a coherent framework for the analysis of the interactions between
the macroeconomy, the financial system, and the ecosystem. It does so by explicitly formulating
the accounting structure of monetary and physical variables and by integrating key features of the
post-Keynesian and the ecological economics tradition, such as endogenous money, path depen-
dency, the role of demand as a driver of economic activity and the biophysical limits of a finite
planet.

The application of the DEFINE framework to the UK has the following key features. First,
the structure of the model is derived using UK national accounting data following the approach
presented in George et al. (2025). Therefore, the models’ accounting structure is derived directly
from UK national accounting data. The main source of these data is the ONS blue book and eco-
nomic accounts which provides national accounting data for the UK (ONS, 2022). One implication
of this is that the model’s stocks, flows, and institutional sectors are consistent with the structure
of the UK economy. To ensure data consistency, while keeping the model reasonably tractable we
have introduced residual terms in the transactions and balance sheet matrices, as in Zezza and
Zezza (2019, 2022). In the case of flows, we introduced a residual transaction that captures the net
position of flows that are not included in the model and in the case of stocks, we add a residual
financial instrument that reflects the net asset position of the stocks excluded from the model. Sec-
ond, although the behavioural equations draw on the same theoretical foundations as the DEFINE
model, they have been developed such that they fit the UK context. Crucially, the key behavioural
equations have been econometrically estimated to make sure that the parameter values fit the UK
economy. Third, compared to DEFINE, the DEFINE-UK model provides a more disaggregated
analysis of emissions (distinguishing between electricity and non-electricity emissions), makes a
distinction between monetary and non-monetary financial institutions and formulates the housing
market.

DEFINE-UK 1.1 introduces four extensions to the DEFINE-UK 1.0 model. First, the model
incorporates limited forward-looking behaviour in response to policy announcements. Second,
regulatory policies can directly depreciate the capital stock of affected sectors, capturing stranded
asset effects. Third, the government sector is extended to permit direct ownership of production
assets, specifically non-fossil power capital, allowing analysis of strategic public ownership as a
decarbonisation instrument. Fourth, the model introduces a green sovereign bond instrument to
finance green public investment in certain scenarios.

The document is structured as follows. Section 2 describes the models overall structure, Section
3 describes the model equations in detail, Section 4 describes the econometric estimations approach,
finally Section 5 provides a list of parameter values and initial conditions.
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2. Model overview

2.1. High level model structure

A high level overview of the model is presented in Figure 1. The DEFINE-UK model is a
medium-large structural model, with 7 sectors: non-financial corporations, the power sector, house-
holds, monetary financial institutions, non-monetary financial institutions, the government, and
the rest of the world, additionally there is a supplementary production module.

Many of the transactions in the model involve the production process, which is the combina-
tion of general production and power generation. GDP expenditure in the form of consumption
(CONS), gross capital formation (GCF ), and exports (EXP ) less imports (IMP ) flows into
the production module. Meanwhile, GDP income in the form of wages, gross operating surplus
(GOSP ), and indirect taxes on production (INDTAX) 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. As shown in Figure 1, the production
module is different to other sectors in that it does not have any assets or liabilities and simply
serves as a way to track overall inflows and outflows to the production process.

In order to account for the role of electricity generation in the economy, 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 module
of the model. Therefore, the production module accounts for the productive activity of all private
and public firms aside from those which primarily generate electricity. Final consumption is divided
between the final consumption of general production products (CONSP ) and the final consump-
tion of power sector products (CONSPS), the latter mainly 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 (ICPSP ) accounts primarily for the consumption of electricity
by industrial sectors, while intermediate consumption of the power sector for products of the pro-
duction sector (ICPPS) 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.

We have separated monetary financial institutions (MFIs), which describe the traditional bank-
ing sector, from non-monetary financial institutions (NMFIs), which describe other financial insti-
tutions such as investment funds and private pension funds. 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 NMFI sector. Social contributions are paid by
households to the government and NMFI sectors, and social benefits are paid to households by
those same sectors. Other income (OI) and pension adjustment (PENSADJ) 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.

Total emissions are separated by source, with energy use being separated between industrial
energy use in the production sector and the energy used directly by households. Energy use
is further separated for these sectors into electricity and direct energy consumption with these
different energy sources, resulting in different emissions levels based on the composition of different
types of sectoral capital stock.
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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.

Figure 1: Simplified Model Overview

2.2. Model accounting structure

The accounting structure of the model has been derived using UK national accounting data,
following the approach presented in George et al. (2025). Therefore, the model’s accounting struc-
ture is derived directly from UK national accounting data. The main source of these data is the
ONS blue book and economic accounts which provides national accounting data for the UK (ONS,
2022). The derived model is “data consistent” insofar as there is a direct connection, across time
between the stocks and flows in the model and the national accounting element on which they are
based (George et al., 2025).

In order to maintain data consistency without deriving an overly complicated model, we choose
to use residual terms (Zezza and Zezza, 2019, 2022; George et al., 2025) for both model flows and
stocks. These terms are used to capture any flows and stocks which we decide are not necessary
to be explicitly included in the model. Generally, for this model, this choice has been made based
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on the size of the respective stocks and flows such that when they are particularly small,1 they are
moved to the residuals. As in George et al. (2025), in the case of flows, we introduce a residual
transaction that captures the net position of flows that are not explicitly included in the model.
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.

The accounting structure of the model can be described through three matrices, the transaction
flow matrix, the balance sheet matrix, and the stock-flow matrix. The transaction flow matrix,
given by Table 1, shows all the monetary flows tracked within the economic model. We present
values derived from UK accounting data in this table, where the size of flows are presented as a
percentage of GDP averaged over the 2000-2022 period. For example, the outflow of household
consumption spending takes the value of -59.8 in the table, which corresponds to household con-
sumption spending being 59.8% of overall GDP. In the table, the signs refer to inflows and outflows.
Positive signs correspond to monetary inflows, while negative signs are outflows. Therefore, every
row sums to 0 as, following the principles of stock-flow consistency, every monetary outflow must
have a corresponding monetary inflow. Every column ultimately sums to the net-lending position
of each sector which will then drive stock adjustments, once again ensuring that all monetary values
are recorded across model periods.

The balance sheet matrix, given by Table 2, shows all stock values in the model, both real and
financial. Once again, the data are presented in terms of percentages of GDP averaged over the
2000-2022 period. For example, the total value of NFC capital stock is on average 105.6% of GDP.
The sign of the numbers in this table now reflects whether we are referring to an asset of a liability.
Positive signed values refer to assets, while negative signed values refer to financial liabilities. Real
assets do not have corresponding liabilities by definition, however, for financial assets once again
every row must sum to 0 as every financial asset must have a corresponding financial liability
such that the sum across sectors must always equal 0 in order to satisfy the principle of stock
consistency. The sum of columns gives the overall net-worth of each sector.

The connection between monetary flows and the evolution of financial stocks over time is
described in the Stock-flow matrix, Table 3. This table shows how period by period gross capital
formation, net-lending positions, and other financial transfers lead to updated values of various
model stocks and ultimately changing sectoral net worth positions. In Table 3, data is presented
in £ million over a year period, to show how the closing stock at the end of 2021 is updated to
the closing stock at the end of 2022. Again, it is important to understand the signs of these values
carefully. 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. Therefore, an increase in the value of a liability will be denoted by a negative sign.
This means once more that, excluding real assets, all rows must sum to zero as net-financial asset
transactions must be zero in order to maintain stock-flow consistency.

2.3. Model equations and calibration approach

The model features three high-level equation categories:

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

1We consider a flow to be “small” when it is less than 1% of GDP.
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Table 1: Transactions flow matrix, UK data in percent (%) of GDP, 2000-2022 average

Transaction Flow Matrix
Flows Sector

Production NFC PS MFI Non-MFI GVT HH RoW Total
GDP Expenditure
Consumption (Production) +79.1 -19.3 -59.8 0
Consumption (Power) +0.7 -0.7 0
Gross Capital Formation +20.6 -11.9 -0.5 -3.1 -5.1 0
Exports +32.1 -32.1 0
Imports -32.5 +32.5 0

Intermediate Consumption
Prod → PS -1.3 +1.3 0
PS → Prod +1.8 -1.8 0

GDP Income
Wages -61.4 +61.4 0
Taxes -12.4 - 0.1 +12.5 0
Gross operating surplus -26.1 +26.1 0

Transactions
Interest Paid to MFIs -2.7 -0.1 +20.1 -3.6 -3.9 -3.9 -5.9 0
Interest Received from MFIs +0.9 +0.02 -16.8 +5.6 +0.6 +1.5 +8.2 0
Dividends Paid to NMFIs -8.2 -0.2 +12.9 -4.5 0
Dividends Received from NMFIs +3.5 +0.1 -12.8 +5.0 +4.2 0
Taxes on income -2.4 +14.9 -12.5 0
Social Contributions +7.4 +8.5 -15.9 0
Social Benefits -3.9 -14.2 +18.1 0
Other Income -4.8 +4.8 0
Pension Adjustment -3.5 +3.5 0
Residual Transaction -5.2 0 -1.3 +2.0 -1.8 +6.5 -0.2 0
Net lending 0.0 -0.4 +2.6 -0.7 -5.9 +2.9 +1.5 0

Notes: A ‘+’ sign represents a monetary inflow, while a ‘-’ sign represents a monetary outflow. NFCs: Non-Financial
Corporations; MFIs: Monetary Financial Institutions; NMFIs: Non-Monetary Financial Institutions; RoW: Rest of the
World.

like NFCs model determined net lending position:

LENDNFCMt = RPNFCt −GCFNFCt

where net-lending is equal to firms net-retained profits minus any gross capital formation
undertaken. This is the lending budget constraint of the NFC sector and is required such
that the net-lending position of this sector is equal to total monetary outflows minus total
monetary inflows. As such, equations of this type are defined by the model structure itself
and do not require any estimation.

• Behavioural equations: These equations determine how certain variables depend on other
variables in the model based on behavioural parameters. An example is household consump-
tion of production products:

∆L(CONSHHPt) = ϵCHHP
(
α0CHHP + α1CHHPL(Y DHHt−1)

+ α2CHHPL(FNWHHt−1)− L(CONSHHPt−1)
)

Other examples include investment equations, price inflation and productivity. These equa-
tions are driven by parameters that define the behaviour of the equations. For example,
α1CHHP in the above equations describes the long run relationship between household in-

6



Table 2: Balance Sheet matrix, UK data in percent (%) of GDP, 2000-2022 average

Balance Sheet

Assets/liabilities Sector
NFC PS MFI Non-MFI GVT HH RoW Total

Real assets
Capital (firms) +105.6 +105.6
Capital (public) +33.6 +33.6
Capital (power) +4.8 +4.8
Housing +335.9 +335.9

Financial Assets
Interest Bearing Assets +50.8 +1.4 -681.0 +192.8 +18.2 +89.6 +328.2 0
Interest Bearing Liabilities -78.1 -2.6 +704.2 -141.3 -91.1 -89.7 -301.4 0
Equity Assets +62.8 +1.7 -228.2 +51.1 +112.6 0
Equity Liabilities -173.4 -3.7 +311.5 -134.4 0
Pensions -139.6 +139.6 0
Insurance -44.2 +44.2 0

Residual Instrument -30.1 -0.9 +7.1 +13.6 +8.3 +0.9 +1.1 0

Net Worth -62.3 -0.8 +7.5 -6.2 -31.0 +571.5 -0.3 +479.9

Notes: A ‘+’ sign represents a positive value on a sectors balance sheet, while a ‘-’ sign represents a negative one.
NFCs: Non-Financial Corporations; MFIs: Monetary Financial Institutions; NMFIs: Non-Monetary Financial
Institutions; RoW: Rest of the World.

come and consumption from production. These parameters need to be estimated, from data
or other sources.

• Technical relationships: These are calibrated equations that are neither identities nor
behavioural equations. Some technical relationships are definitions, such as the definition of
the wage share:

WSt =
Wt

GDPt
(1)

Where these definitions are generally well established. In other cases technical relationships
can be variables which are projected to follow a defined baseline path for example other
government consumptions:

OCONSGV Tt = αOCONSGV TGDPt−1 (2)

Where it is assumed that this variable maintains a fixed relationship with the previous periods
GDP. Fixed relationships like this could be driven by behavioural equations, however it has
been decided to model them exogenously. The justification for such a choice can vary, for
other government consumption it is assumed that government spending is a policy variable
such that the government can choose its level of spending. Therefore, it can be assumed
to follow a constant ratio in the baseline but could also be adjusted based on government
spending forecasts.
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Table 3: Stock-flow matrix, 2021 - 2022 (£ million), UK

NFC PS MFI Non-MFI GVT HH RoW Total
Opening net worth (2021) (1) -1048.0 -20.2 -103.9 -399.0 -826.9 +7398.8 +49.9 +5050.7
Gross capital formation (2) +221.2 +9.0 +77.4 +116.1 +423.7
Depreciation of real assets (3) -203.4 -10.4 -52.3 -105.9 -372.0
Other changes in real assets (4) +204.9 +54.4 +135.8 +395.1
Changes in real assets (5)=(2)-(3)+(4) +222.7 -1.4 +79.5 +146.0 +446.8

Changes in net financial
assets arising from
financial transactions

Interest-bearing assets* +3.3 +0.1 -297.0 +184.2 -44.4 +63.1 +90.7 0
Interest-bearing liabilities** -125.8 -3.5 +453.9 +30.7 -93.3 -75.9 -186.1 0
Equity assets* +95.7 +2.7 -75.4 -45.1 +22.1 0
Equity liabilities** +43.7 +1.2 -101.9 +57.0 0
Pensions -83.8 +83.8 0
Insurance +7.0 -7.0 0
Residual FI +5.7 -26.0 -63.8 +7.2 +21.6 -24.5 +79.8 0

Actual net lending (6) +22.6 -25.5 +93.1 -32.0 -116.1 -5.6 +63.5 0

Other changes in
net financial assets

Interest-bearing assets* -55.2 -1.6 +112.5 +2.1 +7.4 -65.2 0
Interest-bearing liabilities** +191.7 +5.4 +65.8 -20.7 -0.8 -241.4 0
Equity assets* -82.1 -2.3 +107.7 -62.2 +38.9 0
Equity liabilities** +47.3 +1.3 -335.7 +287.1 0
Pensions +898.9 -898.9 0
Insurance +114.0 -114.0 0
Residual FI +250.4 +33.2 -576.5 +265.2 -85.1 -99.2 +212.0 0

Total other changes in net financial assets (7) +352.1 +36.0 -398.2 +1050.1 -103.7 -1167.7 +231.4 0
Change in net financial assets (8)=(6)+(7) +374.7 +10.5 -305.1 +1018.1 -219.8 -1173.3 +294.9 0
Closing net worth (2022) (9)=(1)+(5)+(8) -450.6 -11.1 -409.0 +619.1 -967.2 +6371.5 +344.8 +5497.5

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; MFIs: Monetary Financial Institutions; Non-MFIs: Non-Monetary Financial Institutions;
RoW: Rest of the World; FI: Financial Instrument.
*Liabilities for the financial corporations
**Assets for the financial corporations

3. Full Model Description

3.1. Ecosystem

The ecological side of the model considers primarily the role of energy use, through electricity
or direct energy use 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
emissions2. 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.3 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.

2UK territorial emissions make up approximately 1% of global emissions (ONS, 2025)
3This will be something to include in future extensions of the model.
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3.1.1. 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 production, which includes all other final energy use. This distinction helps us isolate energy
use in homes, 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 electricity and direct
energy use. This distinction is consistent with country-specific ecological models such as EURO-
GREEN (D’Alessandro et al., 2020). Electricity refers to all energy drawn from the electricity
grid, whereas direct energy consumption refers to all other energy use such as the direct burning
of fossil fuels in vehicles or houses. Electricity can be provided by either fossil fuel or non-fossil
fuel sources, whereas direct energy consumption 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 electrification, including the price of electricity, on the wider economy.
The total energy use (E) is calculated as the sum of the energy use from production (EP ) and
the energy use from housing (EH) (Eq.(1)). The energy use for production (EP ) is the product
of overall economic activity, represented by the real gross output of production (GOPR) and the
energy efficiency of production (ϵ). The total use of household energy (EH) is given by the sum of
household electricity use (EELECH) and direct energy consumption (EDH).

Et = EPt + EHt (1)

EPt = ϵtGOPRt (2)

EHt = EELECHt + EDHt (3)

The total electricity (EELEC) is the sum of the electricity for production (EELECP ) and elec-
tricity for housing (EELECH) (9). The maximum electricity (EELECMAX) that can be generated
at an time is given as the sum of the capital efficiency of the fossil fuel and non-fossil fuel electricity
capital (EFFFF & EFFNFF ) multiplied by the respective real capital of fossil fuel and non-fossil
fuel power capital (KPSFFR & KPSNFFR) (Eq. (5)). In this context, the efficiency parameters
capture several properties, including the average capacity factor, defined as the ratio between av-
erage electricity production to maximum electricity production (Bolson et al., 2022), technological
improvements to electricity production, the conversion between monetary capital value and elec-
tricity 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 efficiency4 Non-fossil fuel efficiency can and will change over time and this
process is described by Equation (??). 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

4Carnot efficiency refers to the theoretical maximum efficiency of a heat engine.
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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.

EELECt = EELECPt + EELECHt (4)

EELECMAXt = CFFFKPSFFRt + CFNFFt(KPSNFFRt +KGV TNFFRt) (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 (EELECNFF )
is equal to its maximum generation capacity (i.e. CFNFFtKPSNFFR) until the point where its
capacity is greater than the total electricity demand (EELECt) (Eq. 6). The constant σELEC is
included in Eq. (6) , where this constant is slightly lower than one, in order to capture the effect
that even in a full 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 (EELECFF ) then
covers the remainder of electricity 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.

EELECNFFt = min(EELECtσELEC , CFNFFtKPSNFFRt) (6)

EELECFFt = EELECt − EELECNFFt (7)

The demand for electricity from production (EELECP ) is based on the intensity of the electricity
demand for the production energy (θP ) multiplied by the total energy demand for production (EP ).
The electricity use of houses (EELECH) defined in Eq. (9) is based on the number of houses under
different classifications: inefficient houses (HI) efficient non-electric houses (HEN ) and efficient
fully-electric houses (HEE). 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 θ’s represent the energy efficiency of houses of each type,
while the value βELECHH reflects the proportion of use of electricity in non-fully electric houses5.

EELECPt = θPtEPt (8)

EELECHt = (θHIHIt + θHENHENt)βELECH + θHEEHEEt (9)

The total direct energy consumption (ED) is the sum of the direct energy consumption related to

5Relating to common electrical uses from household white goods etc.
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production (EDP ) and the direct energy consumption related to housing (EDH) (10). The demand
for direct energy from production (EDP ) is defined as the proportion of energy for production not
provided by electricity (1− θP ) multiplied by the total energy demand for production (EP ). The
direct energy consumption of houses (EDH) defined in Eq. (12) is calculated similarly to Eq. (9)
with the remainder of inefficient (HI) and efficient non-electric (HEN ) energy demand being drawn
from direct energy sources.

EDt = (EDPt + EDHt) (10)

EDPt = (1− θPt)EPt (11)

EDHt = (θHIHIt + θHENHENt)(1− βELECH) (12)

3.1.2. Emissions

The total greenhouse gas emissions (EMIS) are split into direct energy consumption emissions
(EMISD) and electricity emissions (EMISELEC) (Eq. (13)). Direct energy consumption emis-
sions, which arise from entirely fossil fuel based direct energy use, are calculated as the product of
the direct energy consumption emission intensity (ωD) and total direct fossil energy consumption
(EDt) (Eq. (14)). Electricity emissions are then calculated as the product of the electricity emission
intensity (ωELEC) and the provision of fossil fuel-based electricity (EELECFF ) (Eq. (15)).

EMISt = EMISDt + EMISELECt (13)

EMISDt = ωDtEDt (14)

EMISELECt = ωELECtEELECFFt (15)

These equations are highly aggregated, so the model cannot look at changes within the direct
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 direct energy consumption, again
the model cannot look at changes to the energy mix, in the time period of the model scenarios
(around 15 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 direct
energy use more explicitly. Therefore, for the purposes of this model, the aggregated form of direct
energy consumption and electricity 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.

3.1.3. 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
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many of these efficiency-based parameters, in line with UK projections6 in a way similar to the
global DEFINE model (Dafermos and Nikolaidi, 2022).

The energy efficiency of production (ϵ) is driven by the ratio of green productive capital to
conventional 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 ϵ (Eq. (16)). The capacity factor of
non-fossil fuel electricity production (CFNFF ) is variable and is reduced according to the ratio
between non-fossil fuel and fossil fuel energy production (Eq. (17)). It may seem counter-intuitive
that the non-fossil capacity factor falls as electricity 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 suggests a negative relationship between the proportion of
non-fossil fuel capital in the energy mix and its efficiency level. This implicitly assumes no major
technological changes to electricity 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. Therefore, Eq. (17) has been parametrised to be less
pessimistic than past UK data would suggest, in order to partially account for the development of
other forms of non-fossil electricity generation.

The proportion of electricity used in the production process (θP ) 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 (Eq. (18)). The intensity of direct
energy consumption emissions (ωD) 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 emission
intensity (Eq. (19)).7 Finally, the emission intensity of electricity production (ωELEC) reduces
based on the ratio between non-fossil fuel and fossil fuel energy production(Eq. (20)). This
captures the merit-order effect8 resulting in a fall in average emissions of fossil fuel electricity
production as there is greater non-fossil fuel penetration in energy markets.

ϵt = ϵmin +
(1 + π1) · (ϵmax − ϵmin)

1 + π1eκ1(KPGt−1/KPCt−1)
(16)

CFNFFt = CFmin +
(1 + π2) · (CFmax − CFmin)

1 + π2eκ2(EELECNFFt−1/EELECFFt−1)
(17)

6For the importance of these processes in energy systems and renewable energy technologies, see Kahouli-Brahmi
(2009) and Tang and Popp (2016).

7This effect is however relatively small and there are only marginal reductions in direct energy consumption
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.

8As 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.
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θPt = 1− 1 + π3

1 + π3e−κ3KPGt−1/KPCt−1
(18)

ωDt = ωdmin +
(1 + π4) · (ωdmax − ωdmin)

1 + π4e(κ4KPGt−1/KPCt−1)
(19)

ωELECt = ωemin +
(1 + π5) · (ωemax − ωemin)

1 + π5eκ5(EELECNFFt−1/EELECFFt−1)
(20)

3.2. 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
macroeconomic 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 (EXP ) minus imports (IMP ) (Eq. (21)), with consumption
being the sum of household (CONSHH) and government (CONSGV Tt) consumption (Eq. (22))
and gross capital formation being the sum of the capital formation of households (GCFHH), non-
financial corporations (GCFNFC), the power sector (GCFPSG), and the government (GCFGV T )
(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 economy9 (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 (GOPS).

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 Stockhammer (2008) show how post-Keynesian inflation theory introduces a form of labour
supply constraint. Furthermore, ecological macroeconomic models such as EUROGREEN and DE-
FINE (D’Alessandro et al., 2020; Dafermos et al., 2017) both include a form of supply constraints.
There are several areas where supply will constrain the model, most notably through the rela-
tionship between prices and employment. However, the model does not feature a non-accelerating
inflation rate of unemployment (NAIRU), which is often assumed in mainstream macroeconomic
approaches. As output can also expand the supply constraint, lower unemployment, despite lead-
ing 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.

GDPt = CONSt +GCFt + EXPt − IMPt (21)

CONSt = CONSHHt + CONSGV Tt (22)

9Including intermediate inputs to production.
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GCFt = GCFNFCt +GCFPSt +GCFGV Tt +GCFHHt (23)

GOt = GOPt +GOPSt (24)

Real GDP (GDPR) is defined as real consumption (CONSR), plus real gross capital formation
(GCFR), plus real exports (EXPR) minus real imports (IMPR) (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 ) (Eqs. (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.

GDPRt = CONSRt +GCFRt + EXPRt − IMPRt (25)

CONSRt =
CONSt
PPt

(26)

GCFRt =
GCFt
PPt

(27)

GORt =
GOt
PPt

(28)

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

gt =
GDPt
GDPt−1

(29)

Pt =
GDPt
GDPRt

(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 (λ) is set as a function of real growth GDPR
as a Kaldor-Verdoorn relationship (Kaldor, 1975), while also including the growth of real produc-
tive 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 productiv-
ity 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 (ν) is defined as a constant based on its initial value (Eq. (32)), this is a reasonable
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assumption as the implied value of 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.

∆Lλt = α0λ + α1λ∆(L(GDPRt)) + α2λ∆(L(GCFRt −GCFHHRt))) (31)

∆νt = 0 (32)

Employing the Leontief-type production function for labour leads to the definition of total
employment (EMP ) as equal to real GDP (GDPR) divided by labour productivity per worker
(Eq. (33)). Employment is then split between public- and private-sector employment. Public
sector employment (EMPPUB) 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 employment 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
(EMPPRI) is defined as total employment minus public sector employment (Eq. (35)).

EMPt =
GDPRt
λt

(33)

EMPPUBt =
LFt
LFt−1

EMPPUBt−1 (34)

EMPPRIt = EMPt − EMPPUBt (35)

Now to define the supply constraint explicitly, real full employment GDP (GDPRFE)
10 is equal

to the total labour force (LF ) multiplied by labour productivity (λ) (Eq. (36)). Real full capital
utilisation GDP (GDPRFK)

11 is equal to the total real productive capital (KPR) multiplied by cap-
ital productivity (ν) (Eq. (37)). Taken together, these two constraints generate the maximum real
GDP (GDPRMAX) which is defined as the minimum of these supply constraints (Eq. (38)). This
is similar to the approach taken in the DEFINE model (Dafermos et al., 2017), where maximum
GDP is the minimum of several separate supply side constraints.

GDPRFEt = λtLFt (36)

GDPRFKt = νtKPRt (37)

GDPRMAXt = min(GDPRFEt, GDPRFKt) (38)

Both the labour force (LF )12 and the total population (POP ) are driven exogenously based on
data from the Office for Budget Responsibility (OBR, 2025) (Eqs. (39) & (40)). The employment
rate (re) is defined as the total number of people employed (EMP ) divided by the labour force
(LF ) (Eq. (41)) with the unemployment rate (ru) being defined as the remainder (Eq. (42)).
The capital utilisation rate (u) is then defined as the ratio between real GDP (GDPR) and capital
determined maximum GDP (GDPRFK) (Eq. (43)).

10This is the labour supply constraint.
11This is the capital supply constraint.
12The 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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LFt = gLFOBRLFt−1 (39)

POPt = POPOBRt (40)

ret =
EMPt
LFt

(41)

rut = 1− ret (42)

ut =
GDPRt

GDPRFKt
(43)

3.3. Production

This section will focus on how the production module 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.13 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.14

This would be sufficient if there were no input-output relationships to model; however, we
have chosen to separate the power generation sector in order to better consider its relationship
with the rest of the economy and its 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.

3.3.1. Domestic production module

The majority of production occurs within the domestic production module. The final de-
mand for production products (FP ) is equal to the household consumption of production products
(CONSHHP ), the total consumption of the government (CONSGV T ) and exports (EXP ) (Eq.
(44)). The real final demand for production products (FPR) is then given as the sum of the real

13For example there is data for both household and government consumption outflows but a lack of data for
consumption 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 Zezza and Zezza (2022).

14It 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.

16



components of the final demand (Eq. (45)). The real gross output of the production (GOPR) sector
is then calculated from the coefficients of the Leontief inverse matrix multiplied by the real final
demand for the two input output sectors in the model (Eq. (46)). Nominal gross output from pro-
duction (GOP ) is then derived by multiplying the real gross output of production (GOPR) 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 ), intermediate consumption of power sector products
(ICPSP ) which is predominately electricity used for production, and imports from the rest of the
world (IMP ) (Eq. (48)).

FPt = CONSHHPt + CONSGV Tt +GCFt + EXPt (44)

FPRt = CONSHHPRt + CONSGV TRt +GCFRt + EXPRt (45)

GOPRt = LPPtFPRt + LPPStFPSRt (46)

GOPt = GOPRtPPt (47)

COSTPt =Wt + ITAXPt + ICPPt + ICPSPt + IMPt (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)).15 Unit costs (UC) are defined as the total nominal
cost of production divided by the real output of production (GOPR) (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 pricing16 which posits that the mark-up 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 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.

PPt = (1 +MUt)UCt−1 (49)

UCt =
COSTPt
GOPRt

(50)

MUt = αMUut (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 (CONSGV T ) 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 (WS) is defined as the total wage bill divided by GDP. The wage share evolves
based on a logistic equation, where it depends negatively on the unemployment rate (ru) (Eq.

15This is consistent with the post-Keynesian approach of analysing prices as primarily a mark up on costs (see
Lavoie (2014)).

16Such as Halevi (2016).
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(52)). The dynamics of the wage share are similar to the approach of the global DEFINE model
(Dafermos et al., 2017). 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 (WR), or wage per employee, is defined as the total wage (WSGDP )
divided by the total number of employees (EMP ) (Eq. (53)). 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 (WRPUB) and private (WRPRI) wage rates
are defined as multiples of the total wage rate (Eqs. (54) & (55)).17

WSt =
1

1 + e−(α0WS−α1WSrut)
(52)

WRt =WSt
GDPt
EMPt

(53)

WRPRIt = βWRPRIWRt (54)

WRPUBt = βWRPUBWRt−1 (55)

WPRIt =WRPRItEMPPRIt (56)

WPUBt =WRPUBtEMPPUBt (57)

Wt =WPRIt +WPUBt (58)

Direct energy prices and costs are also defined within the production module, as the power sector
only covers electricity production, with these values having a behavioural impact on proportions
of green investment within the model. The price of direct energy consumption (PD) is defined
as a fixed mark-up over the prices of gas (PGAS) and oil (POIL), with the proportion of these
different fuels in the direct energy consumption mix being assumed to remain constant during the
simulation period (Eq. (59)). 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
direct energy consumption including taxes (PDT ) is given by adding the indirect tax per unit of
direct energy (ITAXD/ED) to the non-taxed price of direct energy consumption (Eq.(59)). The
price of fuel (PFUEL) 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 direct energy (COSTD) is given as the price of
direct energy (PD) multiplied by total direct energy use (ED) (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 direct energy
(COSTD), the total tax paid on direct energy use (ITAXD), the final consumption of electricity
by households (CONSHHPS and the intermediate consumption of electricity by the production
module (ICPSP ); all divided by the level of production price (PP ) (Eq. (63).

PDt = αD(βDGASPGASt + βDOILPOILt) (59)

PDTt = PDt +
ITAXDt

EDt
(60)

17Note 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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PFUELt = αPFUELPGASt (61)

COSTDt = PDtEDt (62)

COSTERt =
COSTDt + ITAXDt + CONSHHPSt + ICPSPt

PPt
(63)

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 (KNFC) and the government (KGV T ) (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 (Eqs. (65) & (66)). Real
productive capital levels are defined similarly on the basis of the real NFC and government capital
stocks (Eqs. (67), (68) & (69)). The depreciation of productive capital (δKP ), 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 et al. (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 et al., 2020).

KPt = KNFCt +KGV Tt (64)

KPGt = KNFCGt +KGV TGt (65)

KPCt = KNFCCt +KGV TCt (66)

KPRt = KNFCRt +KGV TRt (67)

KPGRt = KNFCGRt +KGV TGRt (68)

KPCRt = KNFCCRt +KGV TCRt (69)

δKPt = δkpc (70)

3.3.2. 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 (FPS),
is equal to the household consumption of electricity (CONSHHPS) (Eq. (71)). The real final
demand for power sector products (FPSR) is then given as the real value of household consumption
(Eq. (72)). The real gross output of the power sector (GOPSR) is then calculated from the
coefficients of the Leontief 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 (GOPSR) by the price of
electricity (PELEC) (Eq. (74)). The total input costs of the power sector (COSTPS) are defined
as the sum of indirect taxation on the power sector (ITAXPS), intermediate consumption of
production products (ICPPS)

18 and intermediate consumption of products of the power sector

18This includes wages paid to employees in the power sector and any imports of the power sector.
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(ICPSPS) which is predominantly electricity used within the electricity production process (Eq.
(75)).

FPSt = CONSHHPSt (71)

FPSRt = CONSHHPSRt (72)

GOPSRt = LPSPtFPRt + LPSPStFPSRt (73)

GOPSt = GOPSRtPELECt (74)

COSTPSt = ITAXPSt + ICPPSt + ICPSPSt (75)

GOSPSt = GOPSt − COSTPSt (76)

The power sector generates electricity from both fossil fuel (EELECFF ) and non-fossil fuel
(EELECNFF ) sources. The ratio between non-fossil fuel electricity and total electricity (βNFF ) is
defined in Eq. (77). The total operating cost for non-fossil fuel energy production (COSTPSNFF )
is defined as the total indirect taxes on non-fossil fuel energy production (ITAXPSNFF ), 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 (βNFF ) and the total depreciation of
non-fossil fuel capital (δKPSKPSNFF ) (Eq. 78). The total operating cost for fossil fuel energy pro-
duction (COSTPSFF ) is defined similarly except all intermediate consumption for fuel production
(ICFUELPS) is attributed to fossil fuel generation costs (Eq. (79)). The average costs of non-fossil
(ACNFF ) and fossil (ACFF ) 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 (GOPSR)
(Eqs. (80) & (81)).

βNFFt =
EELECNFFt
EELECt

(77)

COSTPSNFFt = ITAXPSNFFt + (ICPSPSt + ICOPPSt)βNFFt−1 + δKPStKPSNFFt−1 (78)

COSTPSFFt = ITAXPSFFt+ICFUELPSt+(ICPSPSt+ICOPPSt)(1−βNFFt−1)+δKPStKPSFFt−1

(79)

ACNFFt =
COSTPSNFFt
GOPSRtβNFFt

(80)

ACFFt =
COSTPSFFt

GOPSRt(1− βNFFt)
(81)

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 (MCFF ) is defined based on the variable costs of
fossil fuel production: the cost of fuel input ICFUELPS and the cost of emissions due to emission
pricing COVETSPSPETSEMISELEC divided by the total fossil fuel electricity use EELECFF , where
COVETSPS is the coverage of the carbon price over the sectoral fossil fuel output19 and PETS is

19This is generally less than one due to exemptions and free carbon credits provided to firms.
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the carbon price (Eq. (82)).20 For 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).21

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, despite average yearly fossil fuel electricity generation still accounting for around 40%
of total electricity generation. 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 (PELEC) is then set based on
a fixed mark-up over the marginal cost of electricity production (Eq. (84)).22

MCFFt =
ICFUELPSt + COVETSPStPETStEMISELECt

EELECFFt
(82)

MCELECt =MCFFt(1− βNFFt)
µMCELEC (83)

PELECt = (1 +MUELEC)MCELECt (84)

The investment behaviour of the power sector is driven by several utilisation functions. The
utilisation of fossil-based and non-fossil-based capital, respectively, is calculated by dividing their
respective electricity outputs (EELECFF & EELECNFF ) by their respective maximum output levels,
calculated by multiplying their capacity factors (CF ) by real capital levels (KPSFFR &KPSNFFRt)
(Eqs. (85) & (86)). Note that for non-fossil utilisation the denominator now includes government
non-fossil capital (KGV TNFFRt) alongside power sector non-fossil capital. Overall power sector util-
isation is derived as current electricity demand EELEC divided by maximum electricity generation
EELECMAX (Eq. (87)).

uFFt =
EELECFFt

CFFFKPSFFRt
(85)

uNFFt =
EELECNFFt

CFNFFt(KPSNFFRt +KGV TNFFRt)
(86)

20This equation form assumes that the relationship between fossil fuel inputs and fossil fuel electricity output is
constant; while this is unlikely to be the case in reality it is a fair assumption for modelling purposes.

21However, 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.

22If energy demand outstrips all available supply then this equation is changed to be based on average costs,
reflecting the change in individual firms’ ability to freely set prices.
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uPSt =
EELECt

EELECMAXt
(87)

DEFINE-UK 1.1 introduces a form of forward-looking expectations for the power sector for
when fossil fuel production is banned at a future period B. In this case the expected utilisation
rate at some future time period L (E(uPSt,L)) is split such that when the ban comes into force at
time B the power sector calculates future expected utilisation by removing all fossil-based power
capital from the equation, as shown in Eq. (88). When expected future utilisation values vary, we
introduce a form of hyperbolic discounting, similar to (Laibson, 1997), where the value of future
utilisation is reduced by a discount parameter δ to give a weighted forward-looking utilisation rate
(F(uPS)) shown in Eq. (89). For this equation N =

∑T
τ=0 δ

τ such that the weighting is normalised
around the current utilisation rate and 0 < δ < 1 such that future utilisation rates are valued less
than current rates. T reflects the planning horizon and can take any reasonable value. The CRED
parameter captures the perceived credibility of the policy, taking a value between 0 and 1, such
that a higher value reflects a greater proportion of agents believing the policy will be implemented.

E(uPSt,L) =


EELECt

CFFFKPSFFRt + CFNFFtKPSNFFRt
= uPSt if B < L+ t

EELECt
CFNFFtKPSNFFRt

> uPSt if B ≥ L+ t

(88)

F(uPSt) = CRED · 1

N

T∑
τ=0

δτE(uPSt+τ ) + (1− CRED) · uPSt (89)

Unlike the production module, the power sector is an asset holding sector with a sectoral net-
lending and net worth position; it therefore holds assets, has property income and its own fixed
capital formation. This reflects one of 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
et al. (2020); 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.

Interest payments to the power sector are based on respective rates of return on interest bearing
assets (IBAPS) and interest bearing liabilities (IBLPS) (Eqs.(90)&(91)). Disposable income of
the power sector (Y DPS) is then defined as the gross operating surplus of the sector plus its
net interest payments (Eq. (92)). Note that in DEFINE-UK 1.1 the government’s share of gross
operating surplus is accounted for in the government sector disposable income equation rather than
being deducted here. Dividends received by the power sector (DIV RPS) are a proportion of the
dividends paid by NMFIs multiplied by the share of PS equity assets among all equity assets (Eq.
(93)). Dividends paid by the power sector are set as a fixed proportion of their gross output (Eq.
(94)). This leaves the retained profit of the power sector (RPPS), to be used for investment, as
their disposable income after accounting for dividend transactions (Eq. (95)).
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INTRPSt = rIBAPStIBAPSt−1 (90)

INTPPSt = rIBLPStIBLPSt−1 (91)

Y DPSt = GOSPSt + INTRPSt − INTPPSt (92)

DIV RPSt = βdps
EQAPSt

EQLNMFIt
·DIV PNMFIt (93)

DIV PPSt = αDIV PPSGOPSt (94)

RPPSt = Y DPSt +DIV RPSt −DIV PPSt (95)

The desired investment in power sector capital (GCFPSD) is driven primarily by capacity util-
isation, similarly to what we will see later for the NFC sector. Firms have a desired capacity
utilisation rate uT , based on historical values, and will change their investment levels based on
their proximity to this target (Eq. (96)). For this equation, we use the forward-looking weighted
utilisation F(uPS) described in Eq. (89). Therefore, following the post-Keynesian tradition, elec-
tricity supply will adjust to meet demand, although investment does take time and sudden changes
in electricity demand can still put pressure on electricity supply. Desired power sector investment
is then split between desired fossil fuel (GCFPSFFD) and non-fossil fuel (GCFPSNFFD) based on
the desired proportion of non-fossil investment (propNFF ) (Eqs. (97) & (98)). The desired propor-
tion of non-fossil investment is driven primarily by the difference between profit rates of non-fossil
(rKNFF ) and fossil (rKFF ) based capital (Eq. (99)).

GCFPSDt
KPSt−1

= α0GCFPS + α1GCFNFC(F(uPSt−1)− uT ) + α2GCFNFC
GCFPSDt−1

KPSt−2
(96)

GCFPSFFDt = (1− propNFFt)GCFPSDt (97)

GCFPSNFFDt = propNFFtGCFPSDt (98)

propNFFt =
1

(1 + e−(α0bNFF+α1bNFF (rKNFFt−1−rKFFt−1)))
(99)

Actual fossil fuel (GCFPSFF ) and non-fossil fuel (GCFPSNFF ) 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) (Eqs. (100) & (101)). 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 (GCFPS) (Eq. (102)). Real gross capital formation levels are
defined by dividing the nominal gross capital formation by the production price deflator (PP )
(Eqs. (103), (104) & (105)). The net-lending position of the power sector (LENDPS) is then
defined as the retained profits of the sector minus actual sectoral investment (Eq. (106)).

GCFPSFFt = (1− CRPSt)GCFPSFFDt (100)

GCFPSNFFt = (1− CRPSt) ·GCFPSNFFDt (101)

GCFPSt = GCFPSNFFt +GCFPSFFt (102)

23



GCFPSRt = GCFPSFFRt +GCFPSNFFRt (103)

GCFPSFFRt =
GCFPSFFt

PPt
(104)

GCFPSNFFRt =
GCFPSNFFt

PPt
(105)

LENDPSt = RPPSt −GCFPSt (106)

Interest bearing (IBATRPS) and equity asset (EQATRPS) transfers are assumed to equal a
fixed proportion of the gross output (GOPS) of the power sector (Eqs. (107) & (108)). Equity
liability transfers (EQLTRPS) equal a portion of the equity acquisitions of the NMFI sector which
is assumed to hold the counterpart equity assets to all equity liabilities within the model (Eq.
(109)). Interest bearing liability transfers (IBLTRPS) serve as the residual stock transfer and
equal the net transfers of all other financial assets (Eq. (110)). The residual financial instrument
transaction of the power sector (RESTRPS) grows exogenously as a fixed proportion of GDP (Eq.
(111)).

IBATRPSt = αIBAPSGOPSt (107)

EQATRPSt = αEQAPSGOPSt (108)

EQLTRPSt = θpsbEQATRNMFIt (109)

IBLTRPSt = (IBATRPSt + EQATRPSt +RESTRPSt)− (LENDPSt + EQLTRPSt) (110)

RESTRPSt = ηPSBGDPt−1 (111)

Other transfers, which include price revaluations and other changes in asset value, are driven in
a variety of ways within the model (Eqs. (112) - (115)). Other transfers relating to interest-bearing
assets (OTIBAPS) 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. (112)).
Other transfers relating to equity assets (OTEQAPS) are given as a portion of the other transfers
of NMFI equity liabilities (OTEQANMFI) (Eq. (113)). 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. (114)).
Other transfers relating to interest-bearing liabilities (OTIBLPS) 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 their rate of change is entirely driven by defaults
(Eq. (116)). The default rate of the power sector (DEFPS) is then proportional to the illiquidity
ratio (ILLIQPS) where higher illiquidity of the power sector leads to higher defaults (Eq. (117)).

OTIBAPSt = δIBAPS(IBAPSt−1) (112)

OTEQAPSt = βdps
EQAPSt−1

EQLNMFIt−1
OTEQLNMFIt (113)

OTEQLPSt =
DIV PPSt

rIBLGV Tt + βEQLPS
− EQLPSt−1 (114)
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OTRESPSt = δRESPS(RESPSt−1) (115)

OTIBLPSt = −DEFPSt · (IBLPSt−1) (116)

DEFPSt =
defmax

1 + def0PSedef1−def2ILLIQPSt−1
(117)

The financial stocks of the power sector develop according to their respective financial transfers
and other transfers (Eqs. (118) - (121)). Total financial assets and liabilities are defined in Eqs.
(122) & (123). Financial assets minus liabilities give the power sector model determined financial
net worth (FNWPSM ) (Eq. (124)). The residual financial instrument develops similarly to other
financial assets (Eq. (125)) and is then added to the model determined financial net worth to give
the overall power sector financial net-worth FNWPS (Eq. (126)).

IBAPSt = IBAPSt−1 + IBATRPSt +OTIBAPSt (118)

IBLPSt = IBLPSt−1 + IBLTRPSt +OTIBLPSt (119)

EQAPSt = EQAPSt−1 + EQATRPSt +OTEQAPSt (120)

EQLPSt = EQLPSt−1 + EQLTRPSt +OTEQLPSt (121)

FAPSt = IBAPSt + EQAPSt (122)

FLPSt = IBLPSt + EQLPSt (123)

FNWPSMt = FAPSt − FLPSt (124)

RESPSt = RESPSt−1 +RESTRPSt +OTRESPSt (125)

FNWPSt = FNWPSMt +RESPSt (126)

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 electricity production capacity
of both fossil and non-fossil electricity. The real value of fossil fuel (KPSFFR) and non-fossil fuel
(KPSNFFR) are increased through real gross capital formation, while a portion of the previous
period’s real capital stock is lost to depreciation (Eqs. (127) & (128)). These stocks are summed
to give the overall real capital stock (KPSR) of the power sector (Eq. (129)). Nominal capital
stock values are then calculated by multiplying real capital by the production price deflator (Eqs.
(131) - (133)). Power sector net worth is defined as the sum of net financial and real assets (Eq.
(134)).

KPSFFRt = (1− δKPSt)KPSFFRt−1 +GCFPSFFRt (127)

KPSNFFRt = (1− δKPSt)KPSNFFRt−1 +GCFPSNFFRt (128)

KPSRt = KPSFFRt +KPSNFFRt (129)

δKPSt = δKPSt−1 (130)

KPSt = KPSNFFt +KPSFFt (131)

KPSFFt = KPSFFRtPPt (132)

KPSNFFt = KPSNFFRtPPt (133)
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NWPSt = FNWPSt +KPSt (134)

The leverage ratio of the power sector (LEVPS) is defined as the ratio between the interest-
bearing liabilities of the sector and the total capital stock of the sector (Eq. (135)). The illiquidity
ratio of the power sector (ILLIQPS) captures the ratio between cash outflows and cash inflows
for the sector (Eq. (136)). Note that in DEFINE-UK 1.1 the illiquidity ratio includes any subsidy
payments received (SUBSPS) on the inflows side, reflecting that subsidies improve the liquidity
position of the sector. The debt-service ratio of the power sector (DSRPS) is the ratio of disposable
income less depreciation of capital and before interest payments to total interest payments (Eq.
(137)). The level of credit rationing (CRPS), which constrains the level of investment of the power
sector, is driven by a logistic equation. The rate of credit rationing depends negatively on the
sector’s debt service ratio and positively on the ratio of MFI liabilities to MFI assets (Eq. (138)).
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.

LEVPSt =
IBLPSt
KPSt

(135)

ILLIQPSt =

(
INTPPSt + ITAXPSt +DIV PPSt +GCFPSt + δKPStKPSt

+ IBATRPSt + EQATRPSt + ICPPSt + ICPSPSt

)/
(GOPSt + INTRPSt +DIV RPSt + EQLTRPSt + IBLTRPSt + SUBSPSt) (136)

DSRPSt =
Y DPSt − δKPStKPSt−1 + INTPPSt

INTPPSt
(137)

CRPSt =
1

1 + e−(α0CRPS+α1CRPSCRPSt−1−α2CRPSDSRPSt−1+α3CRPS(FLMFIt−1/FAMFIt−1))
(138)

3.3.3. Input-output calculations

This section will describe the simple two sector input output system present within the model.23

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 environmental variables (Eqs. (139)-(144)). In particular, the technical coefficient governing
electricity use by production (αPSP ) decreases through lower energy intensity (ϵt) and increases
through greater electrification of production (θP ) (Eq. (140)). The technical coefficient for fuel
input into electricity production (αFUELPS) is directly related to the share of fossil fuel electricity
production in the electricity generation process (Eq. (143)). 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 et al., 2020).

23In this section and elsewhere subscripts are ordered such that the product appears first and the sector receiving
the product is second; therefore αFUELPS refers to the technical coefficient for the power sector purchasing fuel
products.
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αPPt = αPPLR (139)

αPSPt = ϵtθPt (140)

αPSPSt = αPSPSLR (141)

αOPPSt = αOPPSLR (142)

αFUELPSt = (1− βNFFt−1)αFUELPSR (143)

αPPSt = αFUELPSt
PFUELt
PPt

+ αOPPSt (144)

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 (Eqs. (145)-(153)).

ICPSPRt = αPSPtGOPRt (145)

ICFUELPSRt = αFUELPStGOPSRt (146)

ICOPPSRt = αOPPStGOPSRt (147)

ICPPt = αPPtGOPt (148)

ICPSPt = ICPSPRtPELECt (149)

ICPSPSt = αPSPStGOPSt (150)

ICPPSt = ICFUELPSt + ICOPPSt (151)

ICFUELPSt = ICFUELPSRtPFUELt (152)

ICOPPSt = ICOPPSRtPPt (153)

Finally, the Leontief coefficients, which are used to calculate real output of each sector, are
calculated by taking the inverse of the matrix of technical coefficients. As there are only two
input-output sectors, this can be presented directly below24 (Eqs: (154)-(158)).

detIAt = ((1− αPPt)(1− αPSPSt))− ((αPPSt)(αPSPt)) (154)

LPPt =
(1− αPSPSt)

detIAt
(155)

LPPSt =
αPPSt
detIAt

(156)

LPSPt =
αPSPt
detIAt

(157)

LPSPSt =
(1− αPPt)

detIAt
(158)

Although the two-sector input-output system presented here is simple, it would be possible to

24These equations describe a simple 2×2 matrix inversion.
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extend this to other sectors by adding relevant technical coefficients and then inverting a larger
Leontief matrix.

3.4. Sectoral equations

3.4.1. Non-financial corporations

The model utilises a consolidated version of the non-financial corporation sector with the ex-
ception 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 PNFC) is the sum of the gross operating
surplus of the production module (GOSP ), interest received (INTRNFC) minus interest paid
(INTPNFC) (Eq.(159)). The equations for interest payments are based on respective rates of return
on interest-bearing assets (IBANFC) and interest-bearing liabilities (IBLNFC) (Eqs.(160)&(161)).
NFC disposable income (Y DNFC) is then given as primary income minus income tax (Eq.(162)).

Y PNFCt = GOSPt + INTRNFCt − INTPNFCt (159)

INTRNFCt = rIBANFCtIBANFCt−1 (160)

INTPNFCt = rIBLNFCtIBLNFCt−1 (161)

Y DNFCt = Y PNFCt − INTAXNFCt (162)

Dividends received by firms (DIV RNFC) are a proportion of the dividends paid by NMFIs
multiplied by the share of NFC equity assets (Eq. (163)). Dividends paid by firms (DIV PNFC)
are given as a fixed proportion of their disposable income (Eq. (164)). This leaves NFCs’ retained
profit (RPNFC), to be used for investment, as their disposable income after accounting for dividend
transactions (Eq. (165)).

DIV RNFCt =
βdnfcEQANFCt
EQLNMFIt

·DIV PNMFIt (163)

DIV PNFCt = αDIV PNFCY DNFCt (164)

RPNFCt = Y DNFCt +DIV RNFCt −DIV PNFCt (165)

NFC gross capital formation demand (GCFNFCD) captures the desired investment level of
the firm sector (Eq. (166)). A Kaleckian approach is followed when estimating this equation, as
described by Blecker (2002), where investment depends positively on 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 deviation
between the current rate of capacity utilisation (u) and the target capacity utilisation (uT ).

25 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 (GCFNFC) 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 (CRNFC) (Eq. (167)).

25It should be highlighted that, while desired investment is not impacted by profits, lower income will reduce NFC
debt-service ratio and increase the level of credit constraints on the sector, effectively reducing investment through
the financial channel.
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GCFNFCDt
KNFCt−1

= α0GCFNFC + α1GCFNFC(ut − uT ) + α2GCFNFC
GCFNFCDt−1

KNFCt−2
(166)

GCFNFCt = (1− CRNFCt)GCFNFCDt (167)

The NFC gross capital formation is divided between green and conventional capital, with βnfc
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 electricity versus direct energy
consumption along with the total cost of energy relative to energy use (Eq. (168)). 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 direct energy to electricity 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. (169) & (170).

βnfct = α0betaNFC + α1betaNFCTanh(
PDt

PELECt
) + α2betaNFC

COSTERt−1

Et−1
(168)

GCFNFCGt = βnfctGCFNFCt (169)

GCFNFCCt = GCFNFCt −GCFNFCGt (170)

The real levels of gross capital formation are then defined by dividing the nominal levels by the
production price deflator (PP ) (Eqs. (171) - (173)).

GCFNFCRt = GCFNFCGRt +GCFNFCCRt (171)

GCFNFCGRt =
GCFNFCGt

PPt
(172)

GCFNFCCRt =
GCFNFCCt

PPt
(173)

Non-financial corporation model determined net lending (LENDNFCM ) is defined as their
retained profits less gross capital formation spending (Eq. (174)). The lending discrepancy is
driven exogenously as a portion of GDP (Eq. (175)) with the actual NFC net lending position
defined as the model determined net lending plus the lending discrepancy (Eq. (176)).

LENDNFCMt = RPNFCt −GCFNFCt (174)

DISCNFCt = ηNFCTGDPt−1 (175)

LENDNFCt = LENDNFCMt +DISCNFCt (176)

Interest bearing (IBATRNFC) and equity asset (EQATRNFC) transfers are assumed to equal a
fixed proportion of the gross output (GOP ) of the production module (Eqs. (177) & (178)). Equity
liability transfers (EQLTRNFC) equal a portion of the equity acquisitions of the NMFI sector
which is assumed to hold the counterpart equity assets to all equity liabilities within the model
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(Eq. (179)). Interest-bearing liability transfers (IBLTRNFC) serve as the residual stock transfer
and equal the net transfers of all other financial assets (Eq. (180)). The residual transaction of the
financial instruments of the NFC sector (RESTRNFC) grows exogenously as a fixed proportion of
GDP (Eq. (181)).

IBATRNFCt = αIBANFCGOPt (177)

EQATRNFCt = αEQANFCGOPt (178)

EQLTRNFCt = (1− θpsb)(EQATRNMFIt) (179)

IBLTRNFCt = (IBATRNFCt + EQATRNFCt +RESTRNFCt)− (LENDNFCt + EQLTRNFCt)
(180)

RESTRNFCt = ηNFCBGDPt−1 (181)

Other transfers, which include price revaluations and other changes in asset value, are driven
in a variety of ways within the model (Eqs. (182) - (187)), similar to the power sector. Other
transfers relating to interest-bearing assets (OTIBANFC) 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. (182)). Other transfers relating to equity assets (OTEQANFC)
are given as a portion of the other transfers of NMFI equity liabilities (OTEQANMFI) (Eq. (183)).
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. (184)). Other transfers relating to interest-bearing
liabilities (OTIBLNFC) 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
their rate of change is entirely driven by defaults (Eq. (185)). The default rate of the NFC sector
(DEFNFC) is then proportional to the illiquidity ratio (ILLIQNFC) where higher illiquidity of
the NFC sector leads to higher defaults (Eq. (186)).

OTIBANFCt = δIBANFC(IBANFCt−1) (182)

OTEQANFCt = OTEQLNMFIt − (OTEQAHHt +OTEQAPSt) (183)

OTEQLNFCt =
DIV PNFCt

rIBLGV Tt + βEQLNFC
− EQLNFCt−1 (184)

OTIBLNFCt = −DEFNFCt · IBLNFCt−1 (185)

DEFNFCt =
defmax

1 + def0NFCedef1−def2ILLIQNFCt−1
(186)

OTRESNFCt = δRESNFC(RESNFCt−1) (187)

The financial stocks of the NFC sector develop according to their respective financial transfers
and other transfers (Eqs. (188) - (191)). Total financial assets and liabilities are defined in Eqs.
(192) & (193). Financial assets minus liabilities give the NFC sector model determined financial
net worth (FNWNFCM ) (Eq. (194)). The residual financial instrument develops similarly to other
financial assets (Eq. (195)) and is then added to the model determined financial net worth to give
the overall NFC sector financial net-worth FNWNFC (Eq. (196)).
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IBANFCt = IBANFCt−1 + IBATRNFCt +OTIBANFCt (188)

EQANFCt = EQANFCt−1 + EQATRNFCt +OTEQANFCt (189)

IBLNFCt = IBLNFCt−1 + IBLTRNFCt +OTIBLNFCt (190)

EQLNFCt = EQLNFCt−1 + EQLTRNFCt +OTEQLNFCt (191)

FANFCt = IBANFCt + EQANFCt (192)

FLNFCt = IBLNFCt + EQLNFCt (193)

FNWNFCMt = FANFCt − FLNFCt (194)

RESNFCt = RESNFCt−1 +RESTRNFCt +OTRESNFCt (195)

FNWNFCt = FNWNFCMt +RESNFCt (196)

The capital stock of the NFC sector is split into conventional and green capital stock. The
real value of conventional (KNFCCR) and green (KNFCGR) capital are increased through real gross
capital formation, while a portion of the previous period’s real capital stock is lost to depreciation
(Eqs. (197) & (198)). These stocks are summed to give the overall real capital stock (KNFCR) of
the NFC sector (Eq. (199)). The nominal capital stock values are then calculated by multiplying
the real capital by the production price deflator (Eqs. (200) - (202)). NFC sector net worth is
defined as the sum of net financial and real assets (Eq. (203)).

KNFCCRt = (1− δKPt)KNFCCRt−1 +GCFNFCCRt (197)

KNFCGRt = (1− δKPt)KNFCGRt−1 +GCFNFCGRt (198)

KNFCRt = KNFCCRt +KNFCGRt (199)

KNFCt = KNFCCt +KNFCGt (200)

KNFCCt = KNFCCRtPPt (201)

KNFCGt = KNFCGRtPPt (202)

NWNFCt = FNWNFCt +KNFCt (203)

The leverage ratio of the NFC sector (LEVNFC) is defined as the ratio between the interest-
bearing liabilities of the sector and the total capital stock of the sector (Eq. (204)). The illiquidity
ratio of the NFC sector (ILLIQNFC) captures the ratio between cash outflows and cash inflows
for the sector (Eq. (205)). The debt-service ratio of NFCs (DSRNFC) 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. (206)). The level of credit rationing (CRNFC),
which constrains the level of investment of the NFC sector, is defined similarly to that of the power
sector. It depends negatively on the sector’s debt service ratio and positively on the ratio of MFI
liabilities to MFI assets (Eq. (207)). 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.
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LEVNFCt =
IBLNFCt
KNFCt

(204)

ILLIQNFCt =

(
INTPNFCt + INTAXNFCt +DIV PNFCt +GCFNFCt + δKPtKNFCt

+ IBATRNFCt + EQATRNFCt

)/
(GOSPt + INTRNFCt +DIV RNFCt + EQLTRNFCt + IBLTRNFCt) (205)

DSRNFCt =
Y DNFCt − δKPtKNFCt−1 + INTPNFCt

INTPNFCt
(206)

CRNFCt =
1

1 + e−(α0CRNFC+α1CRNFCCRNFCt−1−α2CRNFCDSRNFCt−1+α3CRNFC(FLMFIt−1/FAMFIt−1))

(207)

3.4.2. 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 Eqs. (138)
& (207). Therefore, banks are not simply intermediaries of loanable funds, consistent with the
arguments of Jakab and Kumhof (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 (LENDMFIM ) is the net of interest received by MFIs
(INTRMFI) and interest paid by MFIs (INTPMFI) (Eq.(208)). MFI interest received and paid is
the sum of respective rates of returns and stock levels (Eqs.(209)&(210)). The lending discrepancy
is driven exogenously as less the sum of all the other exogenously driven discrepancies within the
model (Eq. (211)) with the actual MFI net lending position defined as the model determined net
lending plus the lending discrepancy (Eq. (212)).

LENDMFIMt = INTRMFIt − INTPMFIt (208)

INTRMFIt = INTPNFCt + INTPPSt + INTPNMFIt + INTPGV Tt + INTPHHt (209)

INTPMFIt = INTRNFCt + INTRPSt + INTRNMFIt + INTRGV Tt + INTRHHt + INTNRoWt

(210)
DISCMFIt = −(DISCNFCt +DISCNMFIt +DISCGV Tt +DISCHHt +DISCRoWt) (211)

LENDMFIt = LENDMFIMt +DISCMFIt (212)

The total MFI financial assets (FAMFI) 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 (Eqs. (213) & (214)). Financial assets minus liabilities give the MFI sector
model determined financial net worth (FNWMFIM ) (Eq. (215)). The residual financial instrument
is given as less the sum of all the other residual financial instruments in the model26 (Eq. (216))

26So the MFI sector is the counterpart to all residual financial instruments by assumption.

32



and is then added to the model determined financial net worth to give the overall MFI financial
net-worth FNWMFI (Eq. (217)).

FAMFIt = IBLNFCt + IBLPSt + IBLNMFIt + IBLGV TMFIt + IBLHHt + IBLRoWt (213)

FLMFIt = IBANFCt + IBAPSt + IBANMFIt + IBAGV Tt + IBAHHt + IBARoWt (214)

FNWMFIMt = FAMFIt − FLMFIt (215)

RESMFIt = −(RESHHt +RESNFCt +RESNMFIt +RESPSt +RESGV Tt +RESRoWt) (216)

FNWMFIt = FNWMFIMt +RESMFIt (217)

3.4.3. Non-monetary financial Institutions

Non-monetary financial institutions (NMFIs) represent all non-bank financial institutions, in-
cluding 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 et al. (2016) in their SFC model for the UK. This sector acts as the counterpart
for all dividend transfers in the model, and its 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.

NMFIs disposable income (Y DNMFI) is defined as the sum of their interest and dividend
receipts minus their interest and dividend payments (Eq. (218)). The interest received and the
interest paid are equal to the sum of the relevant rates multiplied by the associated stock values
(Eqs. (219) & (220)). NMFI dividends received are equal to the sum of the dividend payments of
the other model sectors as it is assumed that the NMFI sector is the destination of all dividend
payments and the source of all dividend flows (Eq.(221)). The dividends paid by NMFIs are
then given as a fixed proportion of their available net-income prior to dividend payments, where
(αDIV PNMFI) is between 0 and 1 (Eq. (222)).27

Y DNMFIt = (INTRNMFIt +DIV RNMFIt)− (INTPNMFIt +DIV PNMFIt) (218)

INTRNMFIt = rIBANMFItIBANMFIt−1 + rIBLGV TtIBLGV TNMFIt−1 (219)

INTPNMFIt = rIBLNMFItIBLNMFIt−1 (220)

DIV RNMFIt = DIV PNFCt +DIV PPSt (221)

DIV PNMFIt = αDIV PNMFI(DIV RNMFIt + INTRNMFIt − INTPNMFIt) (222)

Investment income related to pension (PENSR) and insurance schemes (INSR) that is payable
to households are defined based on the disposable income of NMFIs and the relative share of

27This 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.
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pensions and insurance assets (Eqs. (223) & (224)).28 These equations mean that the return on
pension and 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 (SOCCNMFI) are then equal to the investment income from pensions plus a
proportion of household wage income (Eq. (225)). Social benefits paid by NMFIs (SOCBNMFI)
are predominantly pension-related transfers and are therefore modelled as proportional to the
overall value of pension schemes (Eq. (226)). The pension adjustment (PENSADJ) is defined as
the net social contribution minus social benefit of the NMFI sector (Eq. (227)).29

PENSRt = αPENSRY DNMFIt−1 ·
PENSt−1

PENSt−1 + INSt−1
(223)

INSRt = αINSRY DNMFIt−1 ·
INSt−1

PENSt−1 + INSt−1
(224)

SOCCNMFIt = PENSRt + αSOCCWWt (225)

SOCBNMFIt = αSOCBPENSPENSt−1 (226)

PENSADJt = SOCCNMFIt − SOCBNMFIt (227)

NMFI model determined net lending (LENDNMFIM ) is defined as their disposable income
and net flows related to pension and insurance schemes (Eq. (228)). The lending discrepancy is
driven exogenously as a portion of GDP (Eq. (229)) with the actual NMFI net lending position
defined as the model determined net lending plus the lending discrepancy (Eq. (230)).

LENDNMFIMt = Y DNMFIt − INSRt − PENSRt + SOCCNMFIt − SOCBNMFIt − PENSADJt
(228)

DISCNMFIt = ηNMFITGDPt (229)

LENDNMFIt = LENDNMFIMt +DISCNMFIt (230)

Interest bearing asset transfers (IBATRNMFI) are set exogenously as equal to a fixed pro-
portion of gross output (GO) (Eq. (231)). Equity liability transfers (EQLTRNMFI) 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. (232)), this is due to the assumption that the NMFI sector serves as
the counterpart to all equity assets in the model. NMFI equity asset transfers (EQATRNMFI)
are then equal to a fixed proportion of the equity liability transfers (Eq. (233)). Interest-bearing
liability transfers (IBLTRNMFI) serve as the residual stock transfer and equal the net transfers of
all other financial assets (Eq. (234)). The residual financial instrument transaction of the NMFI
sector (RESTRNMFI) grows exogenously as a fixed proportion of GDP (Eq. (235)).

28It 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.

29This is an imputed flow paid to households by NMFIs; however it will be used to define the pension transfers
of the household sector.
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IBATRNMFIt = αIBANMFIGOt (231)

EQLTRNMFIt = EQATRNFCt + EQATRPSt + EQATRHHt + EQNTRRoWt (232)

EQATRNMFIt = ψEQNMFIEQLTRNMFIt (233)

IBLTRNMFIt = (IBATRNMFIt + EQATRNMFIt + IBLTRGV TNMFIt +RESTRNMFIt)

− (LENDNMFIt + EQLTRNMFIt + PENSTRt + INSTRt) (234)

RESTRNMFIt = ηNMFIBGDPt−1 (235)

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 (Eqs. (236) - (238)). Other transfers related to equity assets (OTEQANMFI) are
defined based on the other transfers of equity amongst the other sectors in the model (Eq. (239)).
Other transfers related to equity liabilities are assumed to be established so that equity prices are
positively related to dividend 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. (240)). Other transfers relating to pensions (OTPENS)
and insurance schemes (OTINS) 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 (Eqs. (241) & (242)).

OTIBANMFIt = δIBANMFIIBANMFIt−1 (236)

OTIBLNMFIt = δIBLNMFIIBLNMFIt−1 (237)

OTRESNMFIt = δRESNMFIRESNMFIt−1 (238)

OTEQANMFIt = OTEQLNFCt +OTEQLPSt (239)

OTEQLNMFIt =
DIV PNMFIt

rIBLGV Tt + βEQLNMFI
− EQLNMFIt−1 (240)

OTPENSt = (OTIBANMFIt + βIBLGV TNMFI OTIBLGV Tt +OTEQANMFIt

−OTIBLNMFIt −OTEQLNMFIt) ·
PENSt−1

PENSt−1 + INSt−1
(241)

OTINSt = (OTIBANMFIt + βIBLGV TNMFI OTIBLGV Tt +OTEQANMFIt

−OTIBLNMFIt −OTEQLNMFIt) ·
INSt−1

PENSt−1 + INSt−1
(242)

The financial stocks of the NMFI sector develop according to their respective financial transfers
and other transfers (Eqs. (243) - (246)). Total financial assets and liabilities are defined in Eqs.
(247) & (248). Financial assets minus liabilities give the NMFI sector model determined financial
net worth (FNWNMFIM ) (Eq. (249)). The residual financial instrument develops similarly to
other financial assets (Eq. (250)) and is then added to the model determined financial net worth
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to give the overall NMFI financial net-worth FNWNMFI (Eq. (251)).

IBANMFIt = IBANMFIt−1 + IBATRNMFIt +OTIBANMFIt (243)

EQANMFIt = EQANMFIt−1 + EQATRNMFIt +OTEQANMFIt (244)

IBLNMFIt = IBLNMFIt−1 + IBLTRNMFIt +OTIBLNMFIt (245)

EQLNMFIt = EQAHHt + EQANFCt + EQAPSt + EQNRoWt (246)

FANMFIt = IBANMFIt + IBLGV TNMFIt + EQANMFIt (247)

FLNMFIt = IBLNMFIt + EQLNMFIt + PENSt + INSt (248)

FNWNMFIMt = FANMFIt − FLNMFIt (249)

RESNMFIt = RESNMFIt−1 +RESTRNMFIt +OTRESNMFIt (250)

FNWNMFIt = FNWNMFIMt +RESNMFIt (251)

3.4.4. 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 DGV T ) is equal to the sum of indirect taxation, income
taxes, social contributions, and interest received, less social benefits paid, interest payments, and
any income derived from electricity investments via government-owned non-fossil power capital
(Eq.(252)). The government’s share of electricity market income is determined by the share of
total electricity generation capacity accounted for by government non-fossil capital (GV TELECS),
multiplied by the gross operating surplus of the power sector (GOSPS). The total indirect tax
receipts (ITAX) are equal to the indirect taxes on production (ITAXP ) and indirect taxes on
the power sector (ITAXPS). The indirect tax on production is then defined as the indirect tax
rate multiplied by gross output plus environmental taxes linked to direct energy consumption
emissions (ITAXD) (Eq. (254)). Direct energy consumption taxes are equal to the coverage
of the carbon pricing scheme (COVETSP ))

30 multiplied by the emission trading scheme (ETS)
carbon price (PETS) all multiplied by the total direct emissions in the economy31 multiplied by
the emission trading scheme (ETS) carbon price (PETS) all multiplied by total direct energy
consumption emissions (Eq. (255)). The indirect tax rate on production (ITAXRP ) is assumed
to tend to a set long-run value based on the adjustment speed (τgvt)

32 (Eq. (256).

Y DGV Tt = (ITAXt+ INTAXt+SOCCGV Tt+ INTRGV Tt)− (SOCBGV Tt+ INTPGV Tt) (252)

30This is assumed to be constant in the baseline scenario
31It is assumed that the carbon tax for household direct energy use is attributed to the production sector and

then passed in through higher prices.
32This 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.
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ITAXt = ITAXPt + ITAXPSt (253)

ITAXPt = ITAXRPtGOPt + ITAXDt (254)

ITAXDt = COVETSPPETStEMISDt (255)

ITAXRPt = ITAXRPt−1 − τgvt(ITAXRPt−1 − ITAXRPLR) (256)

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 electricity
emissions (Eq. (257)). The indirect tax rate on the power sector (ITAXRP ) is assumed to tend to
a set long run value based on the adjustment speed (τgvt) (Eq. (258)). The baseline carbon price
of the emission trading scheme (PETS) is set to follow a baseline path where it increases marginally
over the period (Eq. (259)). This carbon price can be set higher by the government in different
scenarios.33

ITAXPSt = ITAXRPStGOPSt + COVETSPStPETStEMISELECt (257)

ITAXRPSt = ITAXRPSt−1 − τgvt(ITAXRPSt−1 − ITAXRPSLR) (258)

PETSt = PETSRBt (259)

Income tax receipts (INTAX) are defined as the sum of income tax from non-financial corpo-
rations (INTAXNFC) and households (INTAXHH). Both income taxes are modelled as a fixed
proportion of the wage bill (Eqs. (261) & (262)). The respective income tax rates are assumed to
tend to set long-run values based on the adjustment speed (τgvt) (Eqs. (263) & (264)).

INTAXt = INTAXNFCt + INTAXHHt (260)

INTAXNFCt = INTAXRNFCtWt (261)

INTAXHHt = INTAXRHHtWt (262)

INTAXRNFCt = INTAXRNFCt−1 − τgvt(INTAXRNFCt−1 − INTAXRNFCLR) (263)

INTAXRHHt = INTAXRHHt−1 − τgvt(INTAXRHHt−1 − INTAXRHHLR) (264)

The equations for government interest payments are based on respective rates of return on
interest-bearing assets (IBAGV T ) and interest bearing liabilities (IBLGV T ) (Eqs.(265)&(266)).
Social contributions that households pay to the government (SOCCGV T ) are treated as an addi-
tional income tax taken from overall wages (Eq. (267)). The social contribution rate is assumed
to tend to a set long-run value based on the adjustment speed (τgvt) (Eq. (268)). Social bene-
fits paid by the government (SOCBGV T ), as a share of GDP, are driven by an econometrically
calibrated equation, partly driven by a constant exogenous factor (α0SOCB) 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. (269)).

INTRGV Tt = rIBAGV TtIBAGV Tt−1 (265)

33The 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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INTPGV Tt = rIBLGV TtIBLGV Tt−1 (266)

SOCCGV Tt = SOCCRGV TtWt (267)

SOCCRGV Tt = SOCCRGV Tt−1 − τgvt(SOCCRGV Tt−1 − SOCCRGV TLR) (268)

SOCBGV Tt
GDPt

= α0SOCB + α1SOCB
SOCBGV Tt−1

GDPt−1
+ α2SOCBrut (269)

Consumption of the government sector (CONSGV T ) is the sum of public wages (WPUB)
34

and other government consumption (OCONSGV T ) (Eq. (270)). Other government consumption
(OCONSGV T ) is assumed to follow an exogenous path based on nominal GDP (Eq. (271)). Gov-
ernment gross capital formation (GCFGV T ) is discretionary government spending and is assumed
to follow a baseline path based on OBR estimates (Eq. (272)). As with the NFC sector, government
gross capital formation is divided between green and conventional capital, with βgvt 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 for
non-financial corporations, so βgvt is set equal to βnfc (Eq. (273)). This ratio then defines the
level of green and conventional capital investment (Eqs. (274) & (275)). Government non-fossil
power capital (KGV TNFF ) is tracked separately from general government green capital, as it gen-
erates electricity and income for the government sector; its real value evolves through gross capital
formation in government non-fossil power assets (GCFGV TNFFRt) less depreciation (Eq. (276)).

CONSGV Tt =WPUBt +OCONSGV Tt (270)

OCONSGV Tt = αOCONSGV TGDPt−1 (271)

GCFGV Tt = GCFGV TBASEt (272)

βgvtt = βnfct (273)

GCFGV TGt = βgvttGCFGV Tt (274)

GCFGV TCt = GCFGV Tt −GCFGV TGt (275)

KGV TNFFRt = (1− δKPSt)KGV TNFFRt−1 +GCFGV TNFFRt (276)

The real levels of government consumption and gross capital formation are then defined by
dividing the nominal levels by the production price deflator (PP ) (Eqs. (277) - (280)).

CONSGV TRt =
CONSGV Tt

PPt
(277)

GCFGV TRt = GCFGV TGRt +GCFGV TCRt (278)

GCFGV TGRt =
GCFGV TGt

PPt
(279)

GCFGV TCRt =
GCFGV TCt

PPt
(280)

The government model determined net lending (LENDGV TM ) is defined as their disposable
income less consumption, gross capital formation, and any subsidy spending (SUBSGV Tt) (Eq.

34In national accounting public wages are recorded as consumption of the government sector.
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(281)). The lending discrepancy is driven exogenously as a portion of GDP (Eq. (282)) with
the actual government net lending position defined as the model determined net lending plus the
lending discrepancy (Eq. (283)).

LENDGV TMt = Y DGV Tt − (CONSGV Tt +GCFGV Tt + SUBSGV Tt) (281)

DISCGV Tt = ηGV TTGDPt−1 (282)

LENDGV Tt = LENDGV TMt +DISCGV Tt (283)

Interest bearing asset transfers (IBATRGV T ) are assumed to equal a fixed proportion of the
gross output (GO) (Eq. (284)). Interest bearing liability transfers (IBLTRGV T ) serve as the
residual stock transfer and equal the net transfers of all other financial assets (Eq. (285)). Govern-
ment 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, there 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 pro-
portions remain constant (Eqs (286)-(288)). The residual financial instrument transaction of the
government sector (RESTRGV T ) grows exogenously as a fixed proportion of GDP (Eq. (289)).

IBATRGV Tt = αIBAGV TGOt (284)

IBLTRGV Tt = IBATRGV Tt +RESTRGV Tt − LENDGV Tt (285)

IBLTRGV TMFIt = βIBLGV TMFIIBLTRGV Tt (286)

IBLTRGV TNMFIt = βIBLGV TNMFIIBLTRGV Tt (287)

IBLTRGV TRoWt = βIBLGV TRoW IBLTRGV Tt (288)

RESTRGV Tt = ηGV TBGDPt−1 (289)

Other transfers, which include price revaluations and other changes in asset value, are set as
exogenous rates for the government sector (Eqs. (290) - (292)).

OTIBAGV Tt = δIBAGV T (IBAGV Tt−1) (290)

OTIBLGV Tt = δIBLGV T (IBLGV Tt−1) (291)

OTRESGV Tt = δRESGV T (RESGV Tt−1) (292)

The financial stocks of the government sector develop according to their respective financial
transfers and other transfers (Eqs. (293) - (297)). Total financial assets and liabilities are defined in
Eqs. (298) & (299). Financial assets minus liabilities give the government sector model determined
financial net worth (FNWGV TM ) (Eq. (300)). The residual financial instrument develops similarly
to other financial assets (Eq. (301)) and is then added to the model determined financial net worth
to give the overall government sector financial net-worth FNWGV T (Eq. (302)).

IBAGV Tt = IBAGV Tt−1 + IBATRGV Tt +OTIBAGV Tt (293)
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IBLGV Tt = IBLGV TMFIt + IBLGV TNMFIt + IBLGV TRoWt (294)

IBLGV TMFIt = IBLGV TMFIt−1 + IBLTRGV TMFIt + βIBLGV TMFIOTIBLGV Tt (295)

IBLGV TNMFIt = IBLGV TNMFIt−1 + IBLTRGV TNMFIt + βIBLGV TNMFIOTIBLGV Tt (296)

IBLGV TRoWt = IBLGV TRoWt−1 + IBLTRGV TRoWt + βIBLGV TRoWOTIBLGV Tt (297)

FAGV Tt = IBAGV Tt (298)

FLGV Tt = IBLGV Tt (299)

FNWGV TMt = FAGV Tt − FLGV Tt (300)

RESGV Tt = RESGV Tt−1 +RESTRGV Tt +OTRESGV Tt (301)

FNWGV Tt = FNWGV TMt +RESGV Tt (302)

The capital stock of the government sector is split into conventional and green capital stock. The
real value of conventional (KGV TCR) and green (KGV TGR) capital are increased through real gross
capital formation, while a portion of the previous period’s real capital stock is lost to depreciation
(Eqs. (303) & (304)). These stocks are summed to give the overall real capital stock (KGV TR)
of the government sector (Eq. (305)). The nominal capital stock values are then calculated by
multiplying the real capital by the production price deflator (Eqs. (306) - (308)). Government
sector net worth is defined as the sum of net financial and real assets (Eq. (309)).

KGV TCRt = (1− δKPt)KGV TCRt−1 +GCFGV TCRt (303)

KGV TGRt = (1− δKPt)KGV TGRt−1 +GCFGV TGRt (304)

KGV TRt = KGV TCRt +KGV TGRt (305)

KGV Tt = KGV TCt +KGV TGt (306)

KGV TCt = KGV TCRtPPt (307)

KGV TGt = KGV TGRtPPt (308)

NWGV Tt = FNWGV Tt +KGV Tt (309)

3.4.5. Households

Households are the main consumers in the economy and also invest in the building of houses.
Households 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 PHH) is the sum of wage income (W ), in-
terest payments received (INTRHH), dividends (DIV RHH) less interest payments (INTPHH)
(Eq. (310)). The equations for interest payments are based on respective rates of return on
interest-bearing assets (IBAHH) and interest-bearing liabilities (IBLHH) (Eqs.(311)&(312)). The
dividends received by households (DIV RHH) are a proportion of the dividends paid by NMFIs
multiplied by the share of HH equity assets (Eq. (313)).
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Y PHHt =Wt + (INTRHHt +DIV RHHt)− (INTPHHt) (310)

INTRHHt = rIBAHHtIBAHHt−1 (311)

INTPHHt = rIBLHHtIBLHHt−1 (312)

DIV RHHt = βdhh
EQAHHt
EQLNMFIt

DIV PNMFIt (313)

The disposable income of the household sector (Y DHH) is taken as households’ primary income
including net social contributions/benefits and minus income tax payments (INTAXHH) (Eq.
(314)). The total social contributions and benefits of the households are given by the sum of the
respective values of the NMFI and the government sectors (Eqs. (315) & (316)).

Y DHHt = Y PHHt + (SOCBt)− (SOCCt + INTAXHHt) (314)

SOCCt = SOCCNMFIt + SOCCGV Tt (315)

SOCBt = SOCBNMFIt + SOCBGV Tt (316)

Household consumption (CONSHH) is given as the sum of household consumption from pro-
duction (CONSHHP ) and from the power sector (CONSHHPS) (Eq. (317)). The nominal con-
sumption of production is based on post-Keynesian theory, where there is a positive relationship
between household disposable income (Y DHH) and consumption and also between the financial
wealth of the household (FAHH) 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 rela-
tionship found between these variables (Eq. (318)). Real household consumption from production
is then equal to the nominal consumption divided by the production price deflator (PP ) (Eq.
(319)). The nominal consumption of the power sector (CONSHHPS) is equal to the real consump-
tion (CONSHHPSR) multiplied by the price of electricity (PELEC) (Eq. (320)). The level of real
household consumption of electricity is equal to the electricity use of households, with electricity
assumed to make up the majority of household consumption related to this sector (Eq. (321)). The
total savings of households (SAVHH) for investment purposes is equal to their disposable income
less consumption spending (Eq. (322)).

CONSHHt = CONSHHPt + CONSHHPSt (317)

∆L(CONSHHPt) = ϵCHHP
(
α0CHHP + α1CHHPL(Y DHHt−1)

+ α2CHHPL(FAHHt−1)− L(CONSHHPt−1)
)

(318)

CONSHHPRt =
CONSHHPt

PPt
(319)

CONSHHPSt = CONSHHPSRtPELECt (320)

CONSHHPSRt = EELECHt (321)

SAVHHt = Y DHHt − CONSHHt (322)
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Households make investments, predominantly related to housing. This gross capital formation
is divided into two main categories: house building35 and home improvements. Total household
gross capital formation (GCFHH) is given as the sum of gross capital formation of new build
houses (GCFHHNB) and home improvements (GCFHHHI). Household investment in housebuilding
(GCFHHNB) is primarily 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. (324)) and it should be noted that while there is a positive relationship
between prices and house building, this response is relatively weak.36 The gross capital formation
of households on home improvements (GCFHHHI) follows the overall growth of GDP (Eq. (325)).

GCFHHt = GCFHHNBt +GCFHHHISt (323)

∆L(GCFHHNBt) = ϵGCFNB
(
− α0GCFNB + α1GCFNBL(HV ALt−1)

− L(GCFHHNBt−1)
)
− δ1GCFNB∆

(
L(GCFHHNBt−1)

)
(324)

GCFHHHIt = αHHHIGDPt−1 (325)

The real levels of gross capital formation are then defined by dividing the nominal levels by the
production price deflator (PP ) (Eqs. (326) - (328)).

GCFHHRt =
GCFHHt
PPt

(326)

GCFHHNBRt =
GCFHHNBt

PPt
(327)

GCFHHHIRt =
GCFHHHIt

PPt
(328)

The real investment in home improvements is then divided between regular home improvements
(GCFHIHINR) and energy-based home improvements ((GCFHHHIENR) in Eqs.(329 & 330). The
division between regular and energy-based home improvements is given by Eq. (331) where there
is an exogenous trend towards increasing energy-based home improvements over time and this is
further increased based on the difference between direct energy (PD) and electricity (PELEC) 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 Eqs. (332) & (333) with the difference being partly driven by the ratio between inefficient homes
(HI) and efficient non-electric homes (HEN ) such that as the number of inefficient homes decreases,
there is a shift towards greater electrification as the next step in improving energy efficiency.

35It 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.

36This 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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GCFHHHIERt = βGCFHHtGCFHHHIRt (329)

GCFHHHINRt = GCFHHHIRt −GCFHHHIERt (330)

βGCFHHt = α0betaHH + TRENDbetaHHt+ α1betaHH(PDTt−1 − PELECt−1) (331)

GCFHHHIENRt = GCFHHHIERt
κhieHIt−1

κhieHIt−1 +HENt−1
(332)

GCFHHHIEERt = GCFHHHIERt −GCFHHHIENRt (333)

Households model determined net lending (LENDHHM ) is defined as their total savings, less
gross capital formation spending plus pension and insurance related flows37 (Eq. (334)). The lend-
ing discrepancy is driven exogenously as a portion of GDP (Eq. (335)) with the actual household
net lending position defined as the model determined net lending plus the lending discrepancy (Eq.
(336)).

LENDHHMt = SAVHHt −GCFHHt + INSRt + PENSRt + PENSADJt (334)

DISCHHt = ηHHTGDPt−1 (335)

LENDHHt = LENDHHMt +DISCHHt (336)

For household financial stock transfers, it is assumed that interest bearing asset transfers of
households (IBATRHH) are derived residually (Eq. (337)). Equity asset transfers (EQATRHH)
are assumed 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. (338)).
Pension transfers (PENSTR) are equal to the derived pension adjustment consistent with ONS
data (Eq. (339)). Insurance transfers (INSTRHH) are equal to the return on insurance funds less
net payouts on insurance schemes (Eq. (340)). Interest bearing liability transfers (IBLTRHH),
which for households are mainly related to mortgage borrowing, are set as a fixed proportion of
the total value of housing stock (Eq. (341)). The residual financial instrument transaction of the
household sector (RESTRHH) grows exogenously as a fixed proportion of GDP (Eq. (342)).

IBATRHHt = LENDHHt+ IBLTRHHt− (EQATRHHt+RESTRHHt+PENSTRt+ INSTRt)
(337)

EQATRHHt = −αEQAHHEQAHHt−1 (338)

PENSTRt = PENSADJt (339)

INSTRt = INSRt − αINSTRINSt−1 (340)

IBLTRHHt = αIBLTRHV ALt (341)

RESTRHHt = ηHHBGDPt−1 (342)

Other transfers, which include price revaluations and other changes in asset value, are set as
exogenous rates for the household sector (Eqs. (343) - (346)).

37Recall these flows are an accounting convention and are not accessible income for households.
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OTIBAHHt = δIBAHH(IBAHHt−1) (343)

OTEQAHHt = δEQAHH(EQAHHt−1) (344)

OTIBLHHt = δIBLHH(IBLHHt−1) (345)

OTRESHHt = δRESHH(RESHHt−1) (346)

The financial stocks of the household sector develop according to their respective financial
transfers and other transfers (Eqs. (347) - (351)). Total financial assets and liabilities are defined
in Eqs. (352) & (353). Financial assets minus liabilities give the household sector model determined
financial net worth (FNWHHM ) (Eq. (354)). The residual financial instrument develops similarly
to other financial assets (Eq. (355)) and is then added to the model determined financial net worth
to give the overall household sector financial net-worth FNWHH (Eq. (356)).

IBAHHt = IBAHHt−1 + IBATRHHt +OTIBAHHt (347)

EQAHHt = EQAHHt−1 + EQATRHHt +OTEQAHHt (348)

PENSt = PENSt−1 + PENSTRt +OTPENSt (349)

INSt = INSt−1 + INSTRt +OTINSt (350)

IBLHHt = IBLHHt−1 + IBLTRHHt +OTIBLHHt (351)

FAHHt = IBAHHt + EQAHHt + PENSt + INSt (352)

FLHHt = IBLHHt (353)

FNWHHMt = FAHHt − FLHHt (354)

RESHHt = RESHHt−1 +RESTRHHt +OTRESHHt (355)

FNWHHt = FNWHHMt +RESHHt (356)

The total number of houses (H) is given by the sum of the three types of housing: inefficient
houses (HI) taken as houses with EPC ratings D and below, efficient non-electric houses (HEN )
taken as houses with EPC ratings C and above where the primary energy source is non-electric
and efficient electric houses (HEE)

38 taken as houses with EPC ratings C and above where the
primary energy source is electricity based (Eq.(357)).39 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.
(358)). It is assumed that all new build houses are efficient and a portion (βHBE) of them are fully
electric.40 Inefficient houses are transformed into efficient non-electric houses through real energy

38Note 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.

39The EPC ratings are taken directly from EPC data (UK Department for Levelling UP, Housing & Communities,
2025)

40This 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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home improvements (GCFHIENR) which can then be transformed into efficient electric houses
through real electrification home improvement (GCFHIEER) with both these transformation rates
being determined by the cost of energy and electrification home upgrades (Eqs. (359) - (361)).
COSTHIENR and COSTHIEER 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 (Eqs (362)
& (363)).

Ht = HIt +HENt +HEEt (357)

HBt = αHBGCFHHNBRt (358)

HIt = HIt−1 −
GCFHHHIENRt

CHIENRt
(359)

HENt = HENt−1 + (1− βHBE)HBt +
GCFHHHIENRt

CHIENRt
− GCFHHHIEERt

CHIEERt
(360)

HEEt = HEEt−1 + βHBEHBt +
GCFHHHIEERt

CHIEERt
(361)

CHIENRt = CHIENRB (362)

CHIEERt = CHIEERB (363)

The total value of housing stock (HV AL) is equal to the average house price (PH) multiplied by
the number of houses (H) (Eq. (364)). House prices (PH) 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. (365)). Household sector net worth is defined as the sum of net financial and
real assets (Eq. (366)).

HV ALt = HtPHt (364)

∆L
PHtHt

LFt
= ϵPH

(
α0PH + α1PHL

(
Y DHHt−1

LFt−1

)
+ α2PHL

(
IBLHHt−1

LFt−1

)
− L

PHt−1Ht−1

LFt−1

)
(365)

NWHHt = FNWHHt +HV ALt (366)

3.4.6. Rest of the world

The rest of the world interacts with the domestic economy primarily through import and
export flows along with the holding of domestic assets and liabilities. The income from production
(Y PRoW ) of the rest of the world is given as total imports (IMP ) minus exports (EXP ) (Eq.
(367)). We define domestic output (DY ) as the sum of consumption, gross capital formation and
export flows, in effect GDP less imports (Eq. (368)). Nominal demand in the RoW (RoWD)
is calculated based on real demand in the RoW (RoWDR) multiplied by foreign prices (PF ) (Eq.
(369)). The total nominal imports (IMP ) are mainly driven by domestic output, reflecting the role
of imports as an intermediate input to production (Eq. (370)). The share of different forms of gross
capital formation (GCF ) in domestic output also has an impact on imports, with gross capital
formation being more import intensive than other forms of domestic input while the formation of
gross capital of the power sector is even more import intensive, reflecting the high component of
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imported machinery used in investments in non-fossil power. In addition, imports are driven by
the ratio between import prices (PI) and domestic prices (PP ). Counter-intuitively, the value of
the α4IMP parameter is positive, which is due to the fact that this is a nominal import equation,
so a positive value reflects that rising import prices increase nominal imports. However, the value
of α4IMP is less than 1, which implies that the long-term relationship between import volumes
and this price ratio is, in fact, negative as expected. Nominal exports (EXP ) are mainly driven
by nominal demand in the rest of the world (RoWD) along with the real effective exchange rate
(REER) (Eq. (371)). Again, the parameter α3EXP is slightly positive, implying that a reduction
in price competitiveness of exports leads to an increase in exports. Once again, this is driven by
the price effect and export volumes will still fall significantly when REER increases.

Y PRoWt = IMPt − EXPt (367)

DYt = CONSt +GCFt + EXPt (368)

RoWDt = RoWDRt · PFt (369)

LIMPt = α0IMP + α1IMPLIMPt−1 + α2IMPLDYt−1 + α3IMP

L

(
β1IMPGCFt + β2IMPGCFPSt

DYt

)
+ α4IMPL

PIt
PPt

+ δ1IMP∆LDYt (370)

LEXPt = α0EXP +α1EXPLEXPt−1+α2EXPLRoWDt−1+α3EXPLREERt−1+ δ1EXP∆LRoWDt

(371)
RoW real demand (RoWDR) is set to grow based on the exogenous growth rate (RoWDg) in line

with forecasts for real growth rates globally (Eq. (372)). Real imports (IMPR) and real exports
(EXPR) are calculated by dividing by their respective price deflators PI and PE (Eqs. (373) &
(374)).

RoWDRt = RoWDgRoWDRt−1 (372)

IMPRt =
IMPt
PIt

(373)

EXPRt =
EXPt
PEt

(374)

While exchange rate and price effects are included in the equations above, in this version of
DEFINE-UK the dynamics of these variables are kept constant or exogenous in most cases. The
nominal exchange rate (ER) is assumed to remain constant in our forecast, which is justified by a
relatively stable GBP exchange rate in the UK over recent periods (Eq. (375)). The foreign price
level (PF ) is driven by an exogenous growth rate (RoWPg) based on global forecasts (Eq. (376)).
Export prices (PE) are assumed to follow domestic price trends (Eq. (377)). Import prices (PI) are
defined based on foreign prices, the nominal exchange rate and an adjustment term (IADJ) which
is used to account for the basket of import goods not corresponding to the general basket of goods
in the rest of the world which is used to calculate PF (Eq. (378)). The import adjustment term
(IADJ) is assumed to remain constant over the model projections (Eq. (379)). Finally, the real
effective exchange rate (REER) is defined as the ratio between export prices (PE) and exchange
rate (ER) adjusted foreign prices (PF ) (Eq. (380)).
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ERt = ERt−1 (375)

PFt = RoWPgPFt−1 (376)

PEt = PPt (377)

PIt = PFtERtIADJt (378)

IADJt = IADJt−1 (379)

REERt =
PEt

ERtPFt
(380)

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 (INTNRoW ) is the sum of interest received on the RoW’s share of government
liabilities (IBLGV TRoW ) and their net holding of other interest-bearing assets (IBNRoW ) (Eq.
(381)). Net RoW dividends received (DIV NRoW ) are given as a fixed proportion of RoW net
equity holding (EQNRoW ) (Eq. (382)). RoW model determined net lending (LENDRoWM ) is
defined as their income from production plus their net interest and dividend income received (Eq.
(383)). The lending discrepancy is driven exogenously as a portion of GDP (Eq. (384)) with the
actual RoW net lending position defined as the model determined net lending plus the lending
discrepancy (Eq. (385)).

INTNRoWt = rIBLGV TtIBLGV TRoWt−1 + rIBNRoWtIBNRoWt−1 (381)

DIV NRoWt = αDIV NRoWEQNRoWt−1 (382)

LENDRoWMt = Y PRoWt + INTNRoWt +DIV NRoWt (383)

DISCRoWt = ηRoWTGDPt−1 (384)

LENDRoWt = LENDRoWMt +DISCRoWt (385)

Net RoW interest-bearing asset transfers (IBNTRRoW ) are set as the residual of all other
financial transactions (Eq. (386)). Net equity asset transfers (EQNTRRoW ) are set as proportional
to RoW income from production (Eq. (387)). The residual financial instrument transaction of the
RoW sector (RESTRRoW ) grows exogenously as a fixed proportion of GDP (Eq. (388)).

IBNTRRoWt = LENDRoWt − (IBLTRGV TRoWt + EQNTRRoWt +RESTRRoWt) (386)

EQNTRRoWt = αEQNTRRoWY PRoWt (387)

RESTRRoWt = ηRoWBGDPt−1 (388)

OTIBARoWt = δIBARoW (IBNRoWt−1) (389)
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OTEQNRoWt = δEQNRoW (EQNRoWt−1) (390)

OTRESRoWt = δRESRoW (RESRoWt−1) (391)

The net-financial stocks of the RoW sector develop according to their respective financial trans-
fers and other transfers (Eqs. (392) & (393)). The sum of net financial assets gives the RoW sector
model determined financial net worth (FNWRoWM ) (Eq. (394)). The residual financial instrument
develops similarly to other financial assets (Eq. (395)) and is then added to the model determined
financial net worth to give the overall RoW sector financial net-worth FNWRoW (Eq. (396)).

IBNRoWt = IBNRoWt−1 + IBNTRRoWt +OTIBARoWt (392)

EQNRoWt = EQNRoWt−1 + EQNTRRoWt +OTEQNRoWt (393)

FNWRoWMt = IBNRoWt + EQNRoWt + IBLGV TRoWt (394)

RESRoWt = RESRoWt−1 +RESTRRoWt +OTRESRoWt (395)

FNWRoWt = FNWRoWMt +RESRoWt (396)

3.4.7. Rates of return

The base rate is set based on a simple Taylor rule, where the long-run Bank of England base
rate (rBOE) is based on the current level of inflation (Eq. (397)). This equation uses logged values
which ensures the base rate cannot fall below the zero lower bound.

∆LrBOEt = ϵrboe(αrboeLINFt−1 − LrBOEt−1) (397)

Interest rates on interest-bearing assets for model sector j (rIBAjt) tend towards a long run
interest rate with adjustment speed (τraj) (Eq. (398)). The long run asset interest rates are set
as the maximum of a mark-down on the base rate and a minimum value (minrj) which is used to
respect the zero lower bound for interest rates in the model (Eq. (399)).

rIBAjt = rIBAjt−1 + τraj(rIBAjLRt − rIBAjt−1) (398)

rIBAjLRt = max(minrj , rBOEQt − sprja) (399)

Interest rates on interest-bearing liabilities for model sector j (rIBLjt) tend towards a long
run interest rate with adjustment speed (τrlj) while also being directly impacted by short run
adjustments in the base rate, accounting for the observed phenomenon of interest bearing liability
rates reacting more quickly to changes in the base rate (Eq. (400)). The long run liability interest
rates are set as a mark-up over the interest bearing asset interest rate for the sector and an
additional risk premium, which is calculated based on the depreciation rate of the sector’s liabilities
(δj) and the financial health of the MFI sector, proxied as the ratio between its financial liabilities
and assets (Eq. (401)).

rIBLjt = rIBLjt−1 + τrlj(rIBLjLRt − rIBLjt−1) + δrlj∆rBOEQt (400)

rIBLjLRt = rIBAjLRt + (sprjl + δjt)(1 + σjrBOEQt)
FLMFIt−1

FAMFIt−1
(401)
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4. Baseline scenario & model calibration

4.1. Baseline scenario

The combination of econometrically estimated behavioural equations, identities, and technical
relationships 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
parameters 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 scenario 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 et al., 2020).

For macroeconomic data, the model relies mainly on estimates from the UK Office for Bud-
getary 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.41 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 in-
cluded, 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
endorsement 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
environmental 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.

41The 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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Several key baseline variables are shown in Table 4. Most variables are relatively steady.
Unemployment, starts low with lower labour force participation following the COVID pandemic
but then trends upwards. 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 electricity
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 and power
sector credit rationing rates 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. Imports and exports maintain a stable relationship with
headline GDP, both increasing marginally over the model period, consistent with higher RoW
growth than domestic growth in the UK. The real effective exchange rate index is near constant
over the baseline projection period.

Table 4: Key characteristics of the baseline scenario

Variable 2025 2030 2040 Mean St. deviation

Real GDP growth (%) 4.96 2.35 2.01 2.35 0.71
Unemployment (%) 4.31 4.73 4.72 4.71 0.14
Population (millions) 55.66 57.74 61.61 58.68 1.87
Labour Force (millions) 35.97 37.12 39.13 37.62 1.00
Proportion of non-fossil electricity generation (%) 57.93 61.77 77.14 65.92 6.35
Total emissions (MTCO2e/year) 407.32 381.76 324.37 367.10 25.46
Emission price (£/TCO2e) 8.01 10.58 15.71 11.86 2.44
Green investment (% of GDP) 1.00 1.07 1.30 1.13 0.10
NFC default rate (%) 0.28 0.33 0.45 0.36 0.05
NFC credit rationing (%) 3.81 2.56 4.79 3.49 0.74
Power Sector default rate (%) 0.16 0.11 0.13 0.12 0.01
Power Sector credit rationing (%) 47.22 35.44 21.09 30.64 9.04
Imports (% of GDP) 39.99 39.97 41.18 40.31 0.51
Exports (% of GDP) 38.58 40.19 44.15 41.21 1.80
Real effective exchange rate (index, 2022 = 1) 1.00 1.00 0.98 0.99 0.01

Notes: All quarterly values are annualised and the mean and standard deviation are calculated from 2025-2040.

4.2. Econometric approach

When carrying out econometric estimation we follow the approach of Philips (2018) who present
a multistep procedure, including the necessary stationarity and autocorrelation tests, as well as
using the well established bound testing procedure to assess cointegration (Pesaran et al., 2001).
This systematic approach is shown in Figure 2.
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Figure 2: The ARDL-Bounds Procedure’s Comprehensive Approach to Time-Series Analysis. Source: Philips
(2018).

This approach is used to estimate several key behavioural equations within the model. The
behavioural equations estimated in this are household consumption, firm investment, household
new-build housing investment, the wage share, the default rate of firm loans, the credit rationing
rate on firm loans, the governments social benefit payments and house prices. Therefore, econo-
metric estimates cover the majority of final demand equations, in addition to key financial and
fiscal relationships.

For these estimates, household consumption of production goods was found to be positively
driven by household disposable income and financial net worth, according to post-Keynesian tradi-
tion (Lavoie, 2014). Firm investment was only found to have a significant relationship with the level
of capital capacity utilisation, with disposable income not being found to be a significant driver
of investment in our estimates. Investment in new build houses is driven primarily by the total
value of housing stock, with higher house values incentivising more house building. The wage share
is found to have a negative long-run relationship with the unemployment rate, creating a Phillips
curve relationship. Firms’ default rates are found to depend positively on the illiquidity ratio of the
firm, and as illiquidity increases, firms are more likely to default on loans. Credit rationing, on the
other hand, is found to depend negatively on firms debt-service ratio such that if the cost of firms
servicing their debt is high relative to their disposable income, then banks will be less inclined to
provide them with finance. The drivers of default rates and credit rationing are similar to those of
the DEFINE model (Dafermos and Nikolaidi, 2022). Government social benefit payments depend
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positively on the rate of unemployment, reflecting that as unemployment increases, the government
is required to provide more social security payments to unemployed workers. This is similar to
the model of Byrialsen and Raza (2020). Finally, house prices, relative to population, are driven
primarily by per-capita income. By considering house prices per capita, the model can capture
how increased housing supply can reduce house prices. The complete econometric and parameter
results are shown in the following subsection.

This approach was applied to more equations than the ones presented here. However, in
some cases, it proved difficult to find statistically significant results. In other cases, the results
were significant but not meaningful from an economic standpoint.42 Following the pragmatic
approach already outlined, when the estimation results were deemed too poor to form the basis of
the behavioural equations, other approaches were used to derive technical relationships between
variables. In many cases these derivation still used past data. For example, interest rate equations,
for which econometric results were likely negatively skewed by the long zero lower bound interest
rate period, still used estimated interest rate spreads from past UK data to parameterise the
interest rate equations. A complete list of parameter estimates and their sources is included in
Section 5 Table ??.

42Such as having the incorrect sign, for example when calibrating the firm investment equation, disposable income
of firms consistently had a negative impact on investment. Given that this is hard to justify on a theoretical basis,
these variables were removed from that equation.
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5. Model parameters and initial values for endogenous variables

Table 5: Symbols and values for parameters and exogenous variables (baseline scenario)

Symbol Description Parameter
category

Value Source/remarks

CFFF Capacity factor of fossil fuel energy
generation

Free 1.132 Calculated based on past values
and assumed to be constant over
time

CFmax Upper bound of the non-fossil fuel
electricity capacity factor

Free 2 Selected as a reasonable maximum
value based on UK data

CFmin Lower bound of the logistic func-
tion for non-fossil fuel electricity
capacity factor

Free 0.5 Selected as a reasonable minimum
value based on UK data

CONFF Crowding out coefficient for gov-
ernment green GCF

Free 0.5 Set as a reasonable estimate pend-
ing empirical evidence

def0NFC Parameter of the default rate func-
tion for NFCs

Model-
constrained

12580 Calculated from Eq. (201)

def0PS Parameter of the default rate func-
tion for NFCs

Model-
constrained

24820 Calculated from Eq. (201)

def1 Parameter of the default rate func-
tion

Free 8.53 Taken from DEFINE-GLOBAL

def2 Parameter of the default rate func-
tion

Free 11.05 Taken from DEFINE-GLOBAL

defmax Maximum default rate of loans Free 0.2 selected from a reasonable range of
values

expKPSFF Exponent governing the curvature
of the FF capital decommissioning
trajectory

Free 3 Calibrated to generate a realistic
pace of FF capital retirement

FNWMFIT Target MFI FNW ratio Free 0.008084 Calculated based on recent data
gETSB Growth rate of ETS carbon price

in the baseline
Model-
constrained

0.0001283 Set based on reasonable projec-
tions

gPETSsce2 Quarterly growth rate of ETS
prices under sce2 beyond the ini-
tial jump

Model-
constrained

0.0306 Based on policy scenario design

GCFPSGV T sce1 Quarterly government renewable
power investment per activated
unit under sce1 (£ billion at 2022
prices)

Free 0.415 Calibrated to generate the baseline
scenario

GCFPSGV T sce3 Quarterly government renewable
power investment per activated
unit under sce3 (Green Power Sub-
sidy) (£ billion at 2022 prices)

Free 3.33 Based on policy scenario design

INTAXRHHLR Long run income tax rate on the
HH sector set by the government

Free 0.2185 Based on past data and OBR fiscal
forecasts

INTAXRNFCLR Long run income tax rate on the
NFC sector set by the government

Free 0.04927 Based on past data and OBR fiscal
forecasts

ITAXRPLR Long run indirect tax rate on pro-
duction set by the government

Free 0.05961 Based on past data and OBR fiscal
forecasts

ITAXRPSLR Long run indirect tax rate on the
power sector set by the government

Free 0.01341 Based on past data and OBR fiscal
forecasts

minrboe Minimum inflation rate floor in the
BoE Taylor rule (1%)

Free 0.01 Prevents log of zero in the Taylor
rule

minrgvt Minimum lower bound GVT de-
posit interest rate

Free 0.006119 Calculated based on the 2010s zero
lower bound interest rate period

minrhh Minimum lower bound household
deposit interest rate

Free 0.002509 Calculated based on the 2010s zero
lower bound interest rate period

minrnfc Minimum lower bound NFC de-
posit interest rate

Free 0.003204 Calculated based on the 2010s zero
lower bound interest rate period

minrnmfi Minimum lower bound NMFI de-
posit interest rate

Free 0.004289 Calculated based on the 2010s zero
lower bound interest rate period

minrrow Minimum lower bound RoW de-
posit interest rate

Free -0.01033 Calculated based on the 2010s zero
lower bound interest rate period
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Symbol Description Parameter
category

Value Source/remarks

PTETS Pass through of carbon pricing to
electricity prices

Free 1 Reasonable estimate based on re-
search of carbon prices

RoWDg Exogenous Growth of RoW De-
mand

Free 1.007 Taken as a reasonable estimate

RoWPg0 Initial annual growth rate of rest of
world prices

Free 1.03 Taken as a reasonable estimate

RoWPgLR Long-run annual growth rate of
rest of world prices

Free 1.025 Taken as a reasonable estimate

shINTPGV TMFI Share of GVT bond interest in-
come in the MFI long-run interest
calculation

Free 0.6667 Based on ON experimental flow of
funds data 2020 assuming MFI and
NMFI together hold 2/3 of GVT
bonds

SOCCRGV TLR Long run social contribution rate
on the HH sector set by the gov-
ernment

Free 0.1393 Based on past data and OBR fiscal
forecasts

sprgvta Mark down on government deposit
interest rates

Free -0.002054 Based on average of the pre 2010s
zero lower bound period

sprgvtl Interest rate spread on GVT liabil-
ities interest rates

Free 0.001794 Based on recent values

sprhha Mark down on household deposit
interest rates

Free 0.003593 Based on average of the pre 2010s
zero lower bound period

sprhhl Interest rate spread on HH liabili-
ties interest rates

Free 0.00577 Based on recent values

sprnfca Mark down on NFC deposit inter-
est rates

Free 0.005769 Based on average of the pre 2010s
zero lower bound period

sprnfcl Interest rate spread on NFC liabil-
ities interest rates

Free -0.0008321 Based on recent values

sprnmfia Mark down on NMFI deposit in-
terest rates

Free 0.002524 Based on average of the pre 2010s
zero lower bound period

sprnmfil Interest rate spread on NMFI lia-
bilities interest rates

Free 0.001641 Based on recent values

sprpsl Interest rate spread on PS liabili-
ties interest rates

Free -0.0008321 Based on recent values

sprrowa Mark down on RoW deposit inter-
est rates

Free -0.008781 Based on average of the pre 2010s
zero lower bound period

tELECswitch Time index (quarter) for the
switch in the electricity price long-
run formation rule

Free 153 Set as the first period beyond the
initial OBR projection horizon

TKPSFFoffset Time offset (quarters) added to the
simulation horizon in the FF capi-
tal decommissioning trajectory

Free 10 Calibrated to generate a realistic
pace of FF capital retirement

tLFswitch Time index (quarter) for the
switch from annualised to quar-
terly labour force growth scaling

Free 152 Based on initial OBR projection
period length

TPETSdelay Quarters from simulation start be-
fore the sce2 ETS price growth for-
mula becomes active

Model-
constrained

9 Based on policy scenario design

uT Target capacity utilisation Free 0.8035 Taken as the mean of past utilisa-
tion values

α0βHH Parameter in the equation for
green home improvements

Free 0.2 Estimate based on green housing
investment data

α0βNFC Parameter in the equation govern-
ing the proportion of gross green
NFC gross capital formation

Free -0.03826 Calibrated to generate the baseline
scenario

α0CHHP Constant parameter in the house-
hold consumption equation

Free -0.006027 Calculated from Eq. (351)

α0CRNFC Parameter in the NFC credit ra-
tioning equation

Model-
constrained

4.351 Calculated from Eq. (222)

α0CRPS Parameter in the power sector
credit rationing equation

Model-
constrained

2.736 Calculated from Eq. (152)

α0EXP Parameter in the nominal export
equation

Model-
constrained

0.6516 Calculated from Eq. (405) to
match initial condition
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Symbol Description Parameter
category

Value Source/remarks

α0GCFFF Parameter in the power sector fos-
sil fuel investment equation

Model-
constrained

0.01465 Calculated from Eq. (102)

α0GCFNB Parameter in the HH gross capital
formation for new builds equation

Free 7.679 Econometrically estimated

α0GCFNFC Parameter in the NFC gross capi-
tal formation equation

Free 0.02012 Calibrated to match initial condi-
tion

α0GCFNFF Parameter in the power sector non-
fossil fuel investment equation

Model-
constrained

0.02144 Calculated from Eq. (106)

α0IMP Parameter in the nominal import
equation

Model-
constrained

-0.3641 Calculated from Eq. (404)

α0PH Parameter in the house price equa-
tion

Free 1 Econometrically estimated

α0SOCB Parameter in the GVT social ben-
efit equation

Model-
constrained

0.05561 Calculated from Eq. (294)

α0WS Constant parameter in the wage
share equation

Model-
constrained

0.4697 Calibrated so 58 equation equals
observed 58[L] at t=L

α1βHH Parameter in the equation for
green home improvements

Free 0.3038 Estimate based on green housing
investment data

α1βNFC Parameter in the equation govern-
ing the proportion of gross green
NFC gross capital formation

Free 0.1 Calibrated to generate the baseline
scenario

α1CHHP Autoregressive parameter Free 0.8136 Econometrically estimated
α1CRNFC Parameter in the credit rationing

equation for the NFC sector
Free 0 Econometrically estimated

α1EXP Parameter in the nominal export
equation

Free 0.7221 Econometrically estimated

α1GCFNB Parameter in the HH gross capital
formation for new builds equation

Free 1.224 Econometrically estimated

α1GCFNFC Parameter in the NFC gross capi-
tal formation equation

Free 0.02948 Econometrically estimated

α1IMP Lagged dependent variable param-
eter in the nominal import equa-
tion

Free 0.474 Econometrically estimated

α1lambda Parameter in the productivity
equation relating real GDP growth
to productivity growth

Free 0.725 Reasonable estimate based on past
values, UK studies and calibrated
to generate the baseline projec-
tions

α1MU Linear relationship between pro-
duction price mark-up and unit
costs

Model-
constrained

0.1943 Calibrated so LR markup at initial
utilisation equals mean of 45:88
and 109:132 (excl. COVID and
GFC)

α1PH Parameter in the house price equa-
tion

Free 1.04 Econometrically estimated

α1SOCB Parameter in the GVT social ben-
efit equation

Free 0.5263 Econometrically estimated

α1WS Unemployment rate parameter in
the wage share equation

Free 1.759 Econometrically estimated

α2βNFC Parameter in the equation govern-
ing the proportion of gross green
NFC gross capital formation

Free 0.4 Calibrated to generate the baseline
scenario

α2CHHP Long run propensity to consume
out of disposable income

Free 0.1092 Econometrically estimated

α2CRNFC Parameter in the credit rationing
equation for the NFC sector

Free 0.1258 Econometrically estimated

α2EXP Parameter in the nominal export
equation

Free 0.2779 Econometrically estimated and
rescaled so LR elasticity to world
demand = 1

α2GCFNFC Parameter in the NFC gross capi-
tal formation equation

Free 0.3049 Econometrically estimated

α2IMP Lagged domestic demand parame-
ter in the nominal import equation

Free 0.526 Econometrically estimated and
rescaled so LR elasticity to 403 =
1
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Symbol Description Parameter
category

Value Source/remarks

α2lambda Parameter in the productivity
equation relating real GCF growth
to productivity growth

Free 0.025 Reasonable estimate based on past
values and UK studies

α2PH Parameter in the house price equa-
tion

Free 0.539 Econometrically estimated

α2SOCB Parameter in the GVT social ben-
efit equation

Free 0.151 Econometrically estimated

α3CHHP Long run propensity to consume
out of household financial assets

Free 0.05427 Econometrically estimated

α3CRNFC Parameter in the credit rationing
equation for the NFC sector

Free -5.005 Econometrically estimated

α3EXP Parameter in the nominal export
equation

Free 0.08626 Econometrically estimated

α3IMP Investment share of domestic de-
mand parameter in the nominal
import equation

Free 0.1646 Econometrically estimated

α4IMP Relative import price parameter in
the nominal import equation

Free 0.5522 Econometrically estimated

αDIV PNFC Rate of NFC sector dividend pay-
ments relative to disposable in-
come

Free 0.4129 Set as the mean of past implied val-
ues

αDIV PNMFI Proportion of primary NMFI net
income distributed as dividends

Free 0.7965 Set as the mean over past values

αDIV PPS Rate of power sector dividend pay-
ments relative to output

Free 0.05453 Set as the mean of past implied val-
ues

αEQAHH Relationship between HH EQA
transfers and household equity
stock

Model-
constrained

0.005407 Calculated from Eq. (373)

αEQANFC Relationship between NFC EQA
transfers and total output from
production

Model-
constrained

0.01117 Calculated from Eq. (193)

αEQAPS Relationship between PS EQA
transfers and total output from
production

Model-
constrained

0.01298 Calculated from Eq. (117)

αEQNRoW Relationship between RoW EQA
transfers and total output

Model-
constrained

0.0159 Calculated from Eq. (422)

αEQNTRRoW Relationship between net RoW eq-
uity transfers and RoW income

Model-
constrained

1.363 Calculated from Eq. (422)

αFUELPSLR Long run technical coefficient of
fuel input to the power sector

Free 0.3233 Assumes fossil fuel electricity is
output is proportional to fuel input
and that at the initial condition
fuel price is normalised to equal 1

αHB Conversion between real invest-
ment in new houses and the build-
ing of new houses

Model-
constrained

0.00239 Calculated from Eq. (393)

αHHHI Parameter relating household
home improvement investment to
overall GDP levels

Free 0.008546 Estimated based on past values

αIBAGV T Relationship between GVT IBA
transfers and total output from
production

Model-
constrained

0.004549 Calculated from Eq. (311)

αIBANFC Relationship between NFC IBA
transfers and total output from
production

Model-
constrained

0.0109 Calculated from Eq. (192)

αIBANMFI Relationship between NMFI IBA
transfers and total output from
production

Model-
constrained

0.02613 Calculated from Eq. (252)

αIBAPS Relationship between PS IBA
transfers and total output from
power sector

Model-
constrained

0.0121 Calculated from Eq. (116)

αIBLHH Relationship between HH IBL
transfers and total output from
production

Model-
constrained

0.01583 Calculated from Eq. (376)
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Symbol Description Parameter
category

Value Source/remarks

αIBLTR Parameter relating total housing
value to household interest bearing
liability transfers

Free 0.00175 Calculated based on ONS stock
data

αINS Relationship between HH insur-
ance transfers and total output

Model-
constrained

0.0008336 Calculated from Eq. (385)

αINSR Parameter relating NMFI dispos-
able income to investment income
on insurance schemes

Free 1.372 Calculated based on past implied
values

αINSTR Insurance transfer payout rate Free 0.003204 Calculated from past data
αNELEC Pass through from gas and oil

prices to overall non-electric en-
ergy costs

Free 2.557 Calculated using the mean over
past data

αOCONSGV T Parameter relating GDP output to
total government other consump-
tion

Free 0.1011 Set based on OBR projections of
government spending and past

αOPPSLR Long run technical coefficient of
other inputs to the power sector

Free 0.0503 Taken as the average implied tech-
nical coefficient over past data

αPENS Relationship between HH insur-
ance transfers and total output

Model-
constrained

0.06668 Calculated from Eq. (385)

αPENSR Parameter relating NMFI dispos-
able income to investment income
on pension schemes

Free 1.213 Calculated based on past implied
values

αPFUEL Relationship between wholesale
gas prices and the price of a fuel
input to the power sector

Free 10.98 Based on initial data

αPPLR Long run technical coefficients of
internal production intermediate
consumption

Free 0.2762 Taken as the average implied tech-
nical coefficient over past data

αPSPSLR Long run technical coefficient of
internal power sector intermediate
consumption

Free 0.3836 Taken as the average implied tech-
nical coefficient over past data

αrboe Parameter relating to inflation in
the BoE Taylor rule

Free 0.9092 Set to generate observed early pe-
riod baseline behavior

αSOCBPENS Rate of social benefit payments
relative to total value of pension
schemes

Model-
constrained

0.008159 Calculated from Eq. (247)

αSOCCW Rate of wage contribution to
household social contribution for
pension schemes (Defined contri-
bution)

Model-
constrained

0.05693 Calculated from Eq. (246)

β1IMP Proportion of overall GCF contri-
bution to imports

Free 0.965 Estimated from IO data

β2IMP Proportion of power sector GCF
contribution to imports

Free 1.884 Estimated from IO data

βdhh Relationship between household
equity holding and dividend distri-
bution

Model-
constrained

1.333 Calculated from Eq. (346)

βDIV NRoW Net dividend payment rate to the
RoW sector

Free 0.00349 Taken as a reasonable estimate
based on past values

βdps Relationship between power sector
holding and dividend distribution

Model-
constrained

0.773 Calculated from Eq. (99)

βELECH Proportion of electric energy use
in total energy use for non-electric
houses

Free 0.205 Calculated from UK EPC data

βEQLNFC Parameter determining NFC eq-
uity liability price revaluation rate

Model-
constrained

0.001676 Calculated from Eq. (199)

βEQLNMFI Parameter determining NMFI eq-
uity liability price revaluation rate

Model-
constrained

0.008593 Calculated from Eq. (260)

βEQLPS Parameter determining power sec-
tor equity liability price revalua-
tion rate

Model-
constrained

0.001676 Calculated from Eq. (123)

βHBE Proportion of new build properties
which are fully electric

Free 0.08422 Based on implied UK data and as-
sumed constant
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Symbol Description Parameter
category

Value Source/remarks

βIBLGV TMFI Proportion of government borrow-
ing held by the MFI sector

Free 0.3333 Based on ON experimental flow of
funds data 2020 and assumed con-
stant in simulations

βIBLGV TNMFI Proportion of government borrow-
ing held by the NMFI sector

Free 0.3333 Based on ON experimental flow of
funds data 2020 and assumed con-
stant in simulations

βIBLGV TRoW Proportion of government borrow-
ing held by the RoW sector

Free 0.3333 Based on ON experimental flow of
funds data 2020 and assumed con-
stant in simulations

βNELECGAS Proportion of non-electric energy
provided by gas

Free 0.55 Taken from 2023 data and assumed
constant

βNELECOIL Proportion of non-electric energy
provided by oil

Free 0.45 Taken from 2023 data and assumed
constant

βWRPRI Parameter linking private sector
wage rate to overall economy wage
rate

Model-
constrained

1.01 Calculated from Eq. (60)

βWRPUB Parameter linking public sector
wage rate to overall economy wage
rate

Model-
constrained

0.973 Calculated from Eq. (61)

δ1EXP Parameter in the nominal export
equation

Free 2.044 Econometrically estimated

δ1GCFNB Parameter in the HH gross capital
formation for new builds equation

Free 0.1647 Econometrically estimated

δ1IMP Short-run domestic demand pa-
rameter in the nominal import
equation

Free 1.928 Econometrically estimated

δCOV ETS2 Increase in ETS coverage for pro-
duction and power sector under
sce2 (Carbon Price Increase)

Free 0.5 Based on policy scenario design

δEQAHH Revaluation rate of HH EQAs Model-
constrained

0.005405 Calculated from EQ. (379)

δEQANFC Revaluation rate of NFC EQAs Model-
constrained

0.001397 Calculated from EQ. (198)

δEQAPS Revaluation rate of PS EQAs Model-
constrained

0.001397 Calculated from EQ. (122)

δEQLNFC Revaluation rate of NFC EQLs Model-
constrained

0.008192 Calculated from EQ. (199)

δEQLPS Revaluation rate of PS EQLs Model-
constrained

0.008192 Calculated from EQ. (123)

δEQNRoW Revaluation rate of RoW EQAs Model-
constrained

0.005344 Calculated from EQ. (425)

δGCFPSGV T Quarterly decay rate of govern-
ment PS investment when the in-
vestment trigger is inactive

Free 0.9 Reflects gradual wind-down of past
committed spending

δIBAGV T Revaluation rate of GVT IBAs Model-
constrained

0.0007799 Calculated from EQ. (318)

δIBAHH Revaluation rate of HH IBAs Model-
constrained

0.0007537 Calculated from EQ. (378)

δIBANFC Revaluation rate of NFC IBAs Model-
constrained

0.001064 Calculated from EQ. (197)

δIBANMFI Revaluation rate of NMFI IBAs Model-
constrained

-0.0001727 Calculated from EQ. (257)

δIBAPS Revaluation rate of PS IBAs Model-
constrained

0.001064 Calculated from EQ. (121)

δIBARoW Revaluation rate of RoW IBAs Model-
constrained

0.0006782 Calculated from EQ. (424)

δIBLGV T Revaluation rate of GVT IBLs Model-
constrained

-0.0008064 Calculated from 1. (319)

δIBLHH Revaluation rate of NFC IBLs Model-
constrained

-1.215e-06 Calculated from EQ. (200)

δIBLNFC Revaluation rate of NFC IBLs Model-
constrained

-0.004033 Calculated from EQ. (200)
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Symbol Description Parameter
category

Value Source/remarks

δIBLNMFI Revaluation rate of NMFI IBLs Model-
constrained

0.0009828 Calculated from EQ. (258)

δIBLPS Revaluation rate of PS IBLs Model-
constrained

-0.004033 Calculated from EQ. (124)

δINS Revaluation rate of Insurance Model-
constrained

-0.01428 Calculated from EQ. (385)

δkpc Constant depreciation rate of pro-
ductive capital

Free 0.02375 Calculated from implied rates
based on capital stock data

δOTEQLNMFI Revaluation rate of NMFI residual
financial instrument

Model-
constrained

0.1996 Calculated from EQ. (260)

δRESGV T Revaluation rate of GVT residual
financial instrument

Model-
constrained

0.009843 Calculated from EQ. (321)

δRESHH Revaluation rate of HH residual fi-
nancial instrument

Model-
constrained

-0.6181 Calculated from EQ. (381)

δRESNFC Revaluation rate of NFC residual
financial instrument

Model-
constrained

-0.009206 Calculated from EQ. (202)

δRESNMFI Revaluation rate of NMFI residual
financial instrument

Model-
constrained

-0.1662 Calculated from EQ. (263)

δRESPS Revaluation rate of PS residual fi-
nancial instrument

Model-
constrained

-0.09403 Calculated from EQ. (126)

δRESRoW Revaluation rate of RoW residual
financial instrument

Model-
constrained

-0.01354 Calculated from EQ. (426)

δrlgvt Short run adjustment speed of
GVT interest rates to long run rate

Free 0.8 Reasonable number selected from
a range of values

δrlnfc Short run adjustment speed of
NFC interest rates to long run rate

Free 0.5 Reasonable number selected from
a range of values

δrlnmfi Short run adjustment speed of
NMFI interest rates to long run
rate

Free 0.5 Reasonable number selected from
a range of values

δrlps Short run adjustment speed of PS
interest rates to long run rate

Free 0.5 Reasonable number selected from
a range of values

ϵGCFNB Parameter in the HH gross capital
formation for new builds equation

Free 0.5646 Econometrically estimated

ϵGDP Adjustment factor to GDP in order
to compare model GDP with data
based GDP

Free 1.119 Calculated from initial data

ϵmax Maximum energy intensity of pro-
duction

Free 2 Selected as a reasonable maximum
value based on UK past data

ϵmin Minimum energy intensity of pro-
duction

Free 0.1 Selected such that it is reasonably
higher than 0

ϵPH Parameter in the house price equa-
tion

Free 0.06219 Econometrically estimated

ϵrboe Adjustment parameter in the BoE
Taylor rule

Free 0.125 Set to generate observed early pe-
riod baseline behavior

ηGV TB Long run residual transaction dis-
crepancy of GVT sector relative to
GDP

Free -0.00292 Taken as the mean of past data

ηGV TT Long run lending discrepancy of
government sector relative to GDP

Free -0.01744 Taken as the mean of past data

ηHHB Long run lending discrepancy of H
sector relative to GDP

Free -0.0044 Taken as the mean of past data

ηHHT Long run lending discrepancy of H
sector relative to GDP

Free 0.06538 Taken as the mean of past data

ηMFIT Long run lending discrepancy of
MFI sector relative to GDP

Free -0.01416 Taken as the mean of past data

ηNFCB Long run residual transaction dis-
crepancy of NFC sector relative to
GDP

Free -0.002919 Taken as the mean of past data

ηNFCT Long run lending discrepancy of
NFC sector relative to GDP

Free -0.05316 Taken as the mean of past data

ηNMFIB Long run residual transaction dis-
crepancy of NMFI sector relative
to GDP

Free 0.00573 Taken as the mean of past data

59



Symbol Description Parameter
category

Value Source/remarks

ηNMFIT Long run lending discrepancy of
NMFI sector relative to GDP

Free 0.01969 Taken as the mean of past data

ηPSB Long run residual transaction dis-
crepancy of PS sector relative to
GDP

Free -0.05263 Taken as the mean of past data

ηRoWB Long run residual transaction dis-
crepancy of RoW sector relative to
GDP

Free 0.0006092 Taken as the mean of past data

ηRoWT Long run lending discrepancy of
RoW sector relative to GDP

Free -0.0003021 Taken as the mean of past data

κ1 Scaling parameter governing the
sensitivity of energy intensity
to the green/conventional non-
electric capital ratio; higher values
mean energy intensity responds
more sharply to capital composi-
tion

Free 40 Calibrated such that the model
generates the baseline scenario

κ2 Scaling parameter governing how
strongly the non-fossil/fossil elec-
tricity ratio drives the non-fossil
capacity factor; controls the speed
of transition to higher utilisation

Free 0.4 Calibrated such that the model
generates the baseline scenario

κ3 Scaling parameter governing the
sensitivity of the electric/non-
electric energy mix in production
to green capital accumulation

Free 2 Calibrated such that the model
generates the baseline scenario

κ4 Scaling parameter governing
the sensitivity of non-electric
energy emission intensity to
green/conventional capital com-
position; higher values mean
emission intensity falls more
sharply as green capital accumu-
lates

Free 20 Calibrated such that the model
generates the baseline scenario

κ5 Scaling parameter governing the
sensitivity of fossil fuel elec-
tricity emission intensity to the
green/conventional capital ratio;
controls how quickly fossil gener-
ators become cleaner as non-fossil
capital expands

Free 0.5 Calibrated such that the model
generates the baseline scenario

κhie Adjusting constant for the balance
between energy efficiency and elec-
trification home improvements (£
billion)

Model-
constrained

2.765 Calculated from Eq. ( 366)

MUELEC Mark up of electricity prices above
the marginal cost of electricity pro-
duction

Free 1.228 Calculated based on past data

µMCELEC Parameter relating the marginal
cost of fossil fuel electricty to the
overall marginal cost of electricity

Free 0.325 Set as a reasonable estimate to
generate the baseline scenario

ωemax Maximum emission intensity of
electric fossil fuel based energy pro-
duction

Free 0.8 Selected as a reasonable maximum
value based on UK data

ωemin Minimum emission intensity of
electric fossil fuel based energy pro-
duction

Free 0.3 Selected such that it is reasonably
higher than 0

ωnemax Maximum emission intensity of
non-electric energy production

Free 1 Selected as a reasonable maximum
value based on UK data

ωnemin Minimum emission intensity of
non-electric energy production

Free 0.225 Selected such that it is reasonably
higher than 0
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Symbol Description Parameter
category

Value Source/remarks

ϕLFBdecay Fractional reduction in the labour
force growth rate by the end of the
simulation (0 = constant, 1 = fully
declines to zero)

Free 0.35 Taken from OBR labour market
projections

ϕPETSinitsce2 Initial ETS price multiplier (scal-
ing above baseline) applied at the
start of sce2 (Carbon Price In-
crease)

Model-
constrained

5.5 Based on policy scenario design

π1 Parameter linking green to con-
ventional non-electric capital ratio
with the energy intensity of pro-
duction

Model-
constrained

-1.468 Calculated from Eq. (18)

π2 Parameter linking non-fossil fuel to
fossil fuel electricity generation ra-
tio with the capacity factor of non-
fossil fuel electricity generation

Model-
constrained

-1.164 Calibrated such that
19[L+1]=19[L]

π3 Parameter linking green to con-
ventional non-electric capital ratio
with the ratio between electric and
non-electric energy use in produc-
tion

Model-
constrained

-1.728 Calculated from Eq. (20)

π4 Parameter linking green to con-
ventional non-electric capital ratio
with the emission intensity of non-
electric energy

Model-
constrained

-1.147 Calculated from Eq. (omega)

π5 Parameter linking green to con-
ventional non-electric capital ratio
with the emission intensity of fossil
fuel electricity production

Model-
constrained

-1.971 Calculated from Eq. (omega)

ψEQNMFI Ratio determining NMFI EQA
transfers based on their liability
transfers from other sectors

Model-
constrained

0.3921 Calculated from Eq. (254)

σELEC Upper bound of non-fossil fuel elec-
tricity share (0–1); set at 0.975 to
preserve a minimal fossil fuel back-
stop for grid stability

Free 0.975 Consistent with UK National Grid
assumptions

σgvt Parameter driving the size of the
interest rate spread on GVT liabil-
ities

Free -22.92 Based on recent values

σhh Parameter driving the size of the
interest rate spread on HH liabili-
ties

Free 24.3 Based on recent values

σnfc Parameter driving the size of the
interest rate spread on NFC liabil-
ities

Free 34.85 Based on recent values

σNFF cap NFF capacity utilisation threshold
(ratio of NFF capacity to total
electricity demand) triggering gov-
ernment renewable investment

Free 1.1 Set as a threshold implying mod-
erate excess NFF capacity

σnmfi Parameter driving the size of the
interest rate spread on NMFI lia-
bilities

Free 21.63 Based on recent values

σps Parameter driving the size of the
interest rate spread on PS liabili-
ties

Free 34.85 Based on recent values

τgvt Adjustment speed to long run
government income and spending
rates

Free 0.05 Set based on reasonable estimate
and to generate the baseline sce-
nario

τragvt Adjustment speed of GVT interest
rates to long run rate

Free 0.75 Reasonable number selected to be
faster than general rates based on
observed past interest rate behav-
ior
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Symbol Description Parameter
category

Value Source/remarks

τrahh Adjustment speed of HH interest
rates to long run rate

Free 0.2 Reasonable number selected to be
slower than general rates based on
observed past interest rate behav-
ior

τranfc Adjustment speed of NFC interest
rates to long run rate

Free 0.5 Reasonable number selected from
a range of values

τranmfi Adjustment speed of NMFI inter-
est rates to long run rate

Free 0.5 Reasonable number selected from
a range of values

τraps Adjustment speed of PS interest
rates to long run rate

Free 0.5 Reasonable number selected from
a range of values

τrlgvt Adjustment speed of GVT interest
rates to long run rate

Free 0.75 Reasonable number selected to be
faster than general rates based on
observed past interest rate behav-
ior

τrlhh Adjustment speed of HH interest
rates to long run rate

Free 0.1391 Reasonable number selected to be
slower than general rates based on
observed past interest rate behav-
ior

τrlnfc Adjustment speed of NFC interest
rates to long run rate

Free 0.5271 Reasonable number selected from
a range of values

τrlnmfi Adjustment speed of NMFI inter-
est rates to long run rate

Free 0.5271 Reasonable number selected from
a range of values

τrlps Adjustment speed of PS interest
rates to long run rate

Free 0.5271 Reasonable number selected from
a range of values

τrnrow Adjustment speed of RoW interest
rates to long run rate

Free 0.5 Reasonable number selected from
a range of values

θdivp Proportion of NMFI dividends dis-
tributed to other sectors

Model-
constrained

1.125 Calculated from Eq. (242)

θHEE Energy intensity of efficient electric
housing stock

Model-
constrained

0.9783 Calculated from Eq. (11)

θHEN Energy intensity of efficient non-
electric housing stock

Model-
constrained

2.242 Calculated from Eq. (14)

θHI Energy intensity of inefficient
housing stock

Free 5.607 Calculated from UK EPC data

θpsb Fixed share used to apportion NFC
financial variables to the power
sector

Free 0.02744 Based on the ratio of power sector
to total NFC loans from Bank of
England data

θsocb Payment rate on NMFI insurance
stock

Model-
constrained

0.02552 Calculated from Eq. (247)

TRENDβHH Parameter in the equation for
green home improvements

Free 0.0005668 Estimate based on green housing
investment data
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Table 6: Symbols and initial values for endogenous variables (baseline scenario)

Symbol Description Variable cat-
egory

Initial value Source/remarks

ACFF Average cost of power sector fossil
fuel electricity production (£ bil-
lion)

Model-
constrained

0.6176 Calculated from Eq. (89)

ACNFF Average cost of power sector non-
fossil fuel electricity production (£
billion)

Model-
constrained

0.2039 Calculated from Eq. (88)

CHIEER Average cost per property of con-
verting an energy efficient home to
full electric heating in 2022 prices
(£ billion per million homes, i.e.
£10,000 per property)

Free 10 Based on heat pump installation
cost estimates at 2022 prices

CHIENR Average cost per property of up-
grading from EPC D/below to
EPC C/above (non-electric) in
2022 prices (£ billion per million
homes, i.e. £7,529 per property)

Free 7.529 Based on cost of energy efficiency
installations at 2022 prices

CFNFF Capacity factor of non-fossil fuel
electricity production

Model-
constrained

0.7215 Calculated from Eq. (7)

CONS Consumption (£ billion) Model-
constrained

460.1 Calculated from Eq. (25)

CONSGV T Government consumption (£ bil-
lion)

Model-
constrained

119.5 Calculated from Eq. (295)

CONSGV TR Government consumption 2022
prices (£ billion)

Model-
constrained

115.5 Calculated from Eq.
(CONSGV TPR)

CONSHH Household consumption (£ billion) Free 340.6 Taken from the ONS UK economic
accounts 2024 adjusting for rents
and FISIM

CONSHHP Household consumption (£ billion) Model-
constrained

333.3 Calculated from Eq. (350)

CONSHHPR Household consumption from pro-
duction 2022 prices (£ billion)

Model-
constrained

322 Calculated from Eq. (354)

CONSHHPS Household consumption from the
power sector (£ billion)

Free 7.314 Taken from the ONS supply and
use tables 2024

CONSHHPSR Household consumption from the
power sector 2022 prices (£ billion)

Model-
constrained

22.87 Calculated from Eq. (355)

CONSHHR Household consumption 2022
prices (£ billion)

Model-
constrained

329.1 Calculated from Eq. (353)

CONSR Real Consumption 2022 prices (£
billion)

Model-
constrained

444.6 Calculated from Eq. (29) and con-
sumption deflators

COSTER Total economy energy costs from
electric and non-electric sources in-
cluding taxes (£ billion)

Model-
constrained

47.69 Calculated from Eq. (COSTET )

COSTNELEC Cost of non-electric energy (£ bil-
lion)

Free 27.86 Taken from DUKES table 1.1.6
non-electric energy cost

COSTP Total ”cost” in production module
(£ billion)

Model-
constrained

993.1 Calculated from Eq. (52)

COSTPS Total ”cost” in power sector (£ bil-
lion)

Model-
constrained

43.19 Calculated from Eq. (83)

COSTPSFF Total cost of power sector fossil fuel
electricity production (£ billion)

Model-
constrained

30.08 Calculated from Eq. (87)

COSTPSNFF Total cost of power sector non-
fossil fuel electricity production (£
billion)

Model-
constrained

14.75 Calculated from Eq. (86)

COVETSP Proportion of production emissions
subject to ETS

Free 0.1882 Taken as a rate consistent with UK
ETS revenue in 2022

COVETSPS Proportion of power sector emis-
sions subject to ETS

Free 0.5 Taken as an estimate based on
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%
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Symbol Description Variable cat-
egory

Initial value Source/remarks

CRPS Credit rationing rate for power sec-
tor

Free 0.1188 Constructed from credit conditions
index while assuming maximum
rationing rate of 40%

DEBTGDP Debt to GDP ratio (%) Free 79.29 Calculated from initial Govern-
ment debt and 23 levels

DEFNFC NFC default rates assumed to be
proportional to NFC Revaluations

Model-
constrained

0.0005203 Calculated from EQ. (200)

DEFPS PS default rates assumed to be
proportional to PS Revaluations

Model-
constrained

0.0005203 Calculated from EQ. (124)

detIA Determinant of I - A matrix for
calculating Leiontief matrix coeffi-
cients

Model-
constrained

0.39 Calculated from Eq. (169)

DISCGV T Lending discrepancy for the gov-
ernment sector (£ billion)

Model-
constrained

-8.852 Calculated from Eq. (310)

DISCHH Lending discrepancy for the HH
sector (£ billion)

Model-
constrained

10.77 Calculated from Eq. (371)

DISCMFI Lending discrepancy for the MFI
sector (£ billion)

Model-
constrained

-21.13 Calculated from Eq. (226)

DISCNFC Lending discrepency for the NFC
sector (£ billion)

Model-
constrained

-35.54 Calculated from Eq. (191)

DISCNMFI Lending discrepancy for the NMFI
sector (£ billion)

Model-
constrained

81.8 Calculated from Eq. (251)

DISCRoW Lending discrepancy for the RoW
sector (£ billion)

Model-
constrained

-27.04 Calculated from Eq. (420)

DIV NRoW Net-Dividends received by the
RoW sector (£ billion)

Free -5.44 Taken from the ONS UK economic
accounts 2024

DIV PNFC Dividends paid by the NFC sector
(£ billion)

Free 44.34 Taken from the ONS UK economic
accounts 2024

DIV PNMFI Dividends paid by the NMFI sector
(£ billion)

Model-
constrained

57.44 Calculated from Eq. (242)

DIV PPS Dividends paid by the power sector
(£ billion)

Free 1.251 Taken from the ONS UK economic
accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables

DIV RHH Dividends received by the House-
hold sector (£ billion)

Free 32.47 Taken from the ONS UK economic
accounts 2024

DIV RNFC Dividends received by the NFC
sector (£ billion)

Free 24.28 Taken from the ONS UK economic
accounts 2024

DIV RNMFI Dividends received by the NMFI
sector (£ billion)

Model-
constrained

51.04 Calculated from Eq. (242)

DIV RPS Dividends received by the power
sector (£ billion)

Free 0.685 Taken from the ONS UK economic
accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables

DY Domestic outpout Model-
constrained

812.3 Calculated from Eq. (403)

E Total final energy use (TwH) Free 365.2 Taken from ONS DUKES table
1.1.5

EELEC Total final electricity use (TwH) Free 66.88 Taken from ONS DUKES table
1.1.5

EELECFF Total final electricity use from fos-
sil fuel sources (TwH)

Model-
constrained

26.91 Calculated from Eq. (8)

EELECH Total domestic final electricity use
(TwH)

Free 22.87 Taken from ONS DUKES table
1.1.5

EELECMAX Maximum electrical energy pro-
duction (TwH)

Model-
constrained

127.3 Calculated from Eq. (6)

EELECNFF Total final electricity use from non-
fossil fuel sources (TwH)

Free 39.97 Calculated from non-fossil fuel en-
ergy supply proportions from UK
energy trends table 5.1

EELECP Electric energy use in production
(TwH)

Model-
constrained

44.01 Calculated from Eq. (5)

EH Total final domestic energy use
(TwH)

Free 107.9 Taken from ONS DUKES table
1.1.5

64



Symbol Description Variable cat-
egory

Initial value Source/remarks

ENELEC Total final non-electric energy use
(TwH)

Model-
constrained

298.4 Calculated from Eq. (12)

ENELECH Non-electric energy use in housing
(TwH)

Model-
constrained

85.03 Calculated from Eq. (3)

ENELECP Total final production non-electric
energy use (TwH)

Model-
constrained

213.3 Calculated using Eq. (13)

EP Total final energy use from produc-
tion (TwH)

Model-
constrained

257.3 Calculated from Eq. (1)

EMIS Total greenhouse gas emissions
(MtCO2e)

Free 101.5 Taken from DESNZ final green-
house gas emissions table 1.2

EMISELEC Total greenhouse gas emissions
from electricty (MtCO2e)

Free 13.72 Taken from DESNZ final green-
house gas emissions table 1.2

EMISNELEC Total greenhouse gas emis-
sions from non-electric energy
(MtCO2e)

Model-
constrained

87.83 Calculated from Eq. (15)

EMP Total employed people (millions) Free 32.81 Taken from the ONS labour mar-
ket survey 2023

EMPPRI Total employed people in the pri-
vate sector (millions)

Model-
constrained

27.01 Calculated from Eq. (36)

EMPPUB Total employed people in the pub-
lic sector (millions)

Free 5.802 Taken from the ONS labour mar-
ket survey 2023

EQAHH Equity assets of the HH sector (£
billion)

Free 1070 Taken from the ONS UK economic
accounts 2024

EQANFC Equity assets of the NFC sector (£
billion)

Free 1379 Taken from the ONS UK economic
accounts 2024

EQANMFI Equity assets of the NMFI sector
(£ billion)

Model-
constrained

3857 Calculated as the sum of other sec-
tor equity liabilities

EQAPS Equity assets of the power sector
(£ billion)

Free 38.92 Taken from the ONS UK economic
accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables

EQATRHH Equity asset net-transfers of the
HH sector (£ billion)

Free -19.04 Taken from the ONS UK economic
accounts 2024

EQATRNFC Equity asset net-transfers of the
NFC sector (£ billion)

Free 13.59 Taken from the ONS UK economic
accounts 2024

EQATRNMFI Equity assets transfers of the
NMFI sector (£ billion)

Model-
constrained

-15.75 Calculated from Eq. (254)

EQATRPS Equity asset net-transfers of the
power sector (£ billion)

Free 0.3836 Taken from the ONS UK economic
accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables

EQLNFC Equity liabilities of the NFC sector
(£ billion)

Free 3751 Taken from the ONS UK economic
accounts 2024

EQLNMFI Equity liabilities of the NMFI sec-
tor (£ billion)

Model-
constrained

2522 Calculated as the sum of other sec-
tor equity assets

EQLPS Equity liabilities of the power sec-
tor (£ billion)

Free 105.8 Taken from the ONS UK economic
accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables

EQLTRNFC Equity liabilities net-transfers of
the NFC sector (£ billion)

Free -15.31 Taken from the ONS UK economic
accounts 2024

EQLTRNMFI Equity liability transfers of the
NMFI sector (£ billion)

Model-
constrained

-83.46 Calculated from Eq. (253)

EQLTRPS Equity liabilities net-transfers of
the power sector (£ billion)

Free -0.4321 Taken from the ONS UK economic
accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables

EQNRoW Equity assets of the RoW sector (£
billion)

Free 34.07 Taken from the ONS UK economic
accounts 2024

EQNTRRoW Equity asset net-transfers of the
RoW sector (£ billion)

Free -78.4 Taken from the ONS UK economic
accounts 2024
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Symbol Description Variable cat-
egory

Initial value Source/remarks

ER Nominal exchange Rate Index Free 1 Taken from ONS exchange rate in-
dex data and normalised around
initial condition

EXP Total Exports (£ billion) Free 236.4 Taken from the ONS UK economic
accounts 2024

EXPR Total exports 2022 prices (£ bil-
lion)

Model-
constrained

227.9 Calculated from Eq. (408)

FP Final demand for production sec-
tor products

Model-
constrained

805 Calculated from EQ. (48)

FPR Final demand of the production
sector £ billion) (IMPR)

Model-
constrained

777.8 Calculated from Eq. (49)

FPS Final demand of the power sector
(£ billion)

Model-
constrained

7.314 Calculated from Eq. (79)

FPSR Final demand of the power sector
£ billion)

Model-
constrained

22.87 Calculated from Eq. (80)

FAGV T Financial assets of the GVT sector
(£ billion)

Model-
constrained

465 Calculated from Eq. (328)

FAHH Financial assets of the HH sector
(£ billion)

Model-
constrained

6785 Calculated from Eq. (387)

FAMFI Financial assets of the MFI sector
(£ billion)

Model-
constrained

7701 Calculated from Eq. (228)

FANFC Financial assets of the NFC sector
(£ billion)

Model-
constrained

2654 Calculated from Eq. (207)

FANMFI Financial assets of the NMFI sec-
tor (£ billion)

Model-
constrained

9090 Calculated from Eq. (268)

FAPS Financial assets of the power sector
(£ billion)

Model-
constrained

74.88 Calculated from Eq. (131)

FLGV T Financial liabilities of the GVT
sector (£ billion)

Model-
constrained

2517 Calculated from Eq. (329)

FLHH Financial liabilities of the HH sec-
tor (£ billion)

Model-
constrained

2083 Calculated from Eq. (388)

FLMFI Financial liabilities of the MFI sec-
tor (£ billion)

Model-
constrained

7591 Calculated from Eq. (232)

FLNFC Financial liabilities of the NFC sec-
tor (£ billion)

Model-
constrained

5380 Calculated from Eq. (208)

FLNMFI Financial liabilities of the NMFI
sector (£ billion)

Model-
constrained

9191 Calculated from Eq. (269)

FLPS Financial liabilities of the power
sector (£ billion)

Model-
constrained

151.8 Calculated from Eq. (132)

FNW Overall financial net worth - should
equal 0 by definition

Model-
constrained

3.411e-13 Calculated from Eq. (463)

FNWGV T Financial net-worth of the GVT
sector (£ billion)

Free -1854 Taken from the ONS UK economic
accounts 2024 adjusted to account
for Maastricht debt

FNWGV TM Model determined financial net-
worth of the GVT sector (£ billion)

Model-
constrained

-2052 Calculated from Eq. (330)

FNWHH Financial net-worth of the HH sec-
tor (£ billion)

Free 4382 Taken from the ONS UK economic
accounts 2024

FNWHHM Model determined financial net-
worth of the HH sector (£ billion)

Model-
constrained

4701 Calculated from Eq. (389)

FNWM Overall model determined financial
net worth - should equal 0 by defi-
nition

Model-
constrained

5.684e-13 Calculated from Eq. (462)

FNWMFI Financial net-worth of the MFI
sector (£ billion)

Model-
constrained

40.74 Calculated from Eq. (235)

FNWMFIM Model determined financial net-
worth of the MFI sector (£ billion)

Model-
constrained

110.3 Calculated from Eq. (233)

FNWNFC Financial net-worth of the NFC
sector (£ billion)

Free -2991 Taken from the ONS UK economic
accounts 2024

FNWNFCM Model determined financial net-
worth of the NFC sector (£ billion)

Model-
constrained

-2726 Calculated from Eq. (209)

FNWNMFI Financial net-worth of the NMFI
sector (£ billion)

Free 161.8 Taken from the ONS UK economic
accounts 2024
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Symbol Description Variable cat-
egory

Initial value Source/remarks

FNWNMFIM Model determined financial net-
worth of the NMFI sector (£ bil-
lion)

Model-
constrained

-100.9 Calculated from Eq. (270)

FNWPS Financial net-worth of the power
sector (£ billion)

Free -84.4 Taken from the ONS UK economic
accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables

FNWPSM Model determined financial net-
worth of the power sector (£ bil-
lion)

Model-
constrained

-76.91 Calculated from Eq. (133)

FNWRoW Financial net-worth of the RoW
sector (£ billion)

Free 344.7 Taken from the ONS UK economic
accounts 2024

FNWRoWM Model determined financial net-
worth of the RoW sector (£ billion)

Model-
constrained

143.8 Calculated from Eq. (429)

g Nominal GDP growth rate Model-
constrained

1.019 Calculated from Eq. (32)

GCF Gross fixed capital formation (£
billion)

Model-
constrained

115.8 Calculated from Eq. (26)

GCFGV T Gross capital formation of the gov-
ernment sector (£ billion)

Free 20.76 Taken from the ONS UK economic
accounts 2024

GCFGV TC Conventional gross capital forma-
tion of the GVT sector (£ billion)

Model-
constrained

19.9 Calculated from Eq. (302)

GCFGV TCR Conventional gross capital forma-
tion of the GVT sector 2022 prices
(£ billion)

Model-
constrained

19.3 Calculated from Eq. (306)

GCFGV TG Gross capital formation of the
GVT sector (£ billion)

Free 0.8578 Taken by assuming government
has the same initial proportion of
green investment as the NFC sec-
tor

GCFGV TGR Green gross capital formation of
the GVT sector 2022 prices (£ bil-
lion)

Model-
constrained

0.832 Calculated from Eq. (305)

GCFGV TR Gross capital formation of the
GVT sector 2022 prices (£ billion)

Model-
constrained

20.14 Calculated from Eq. (304)

GCFHH Gross capital formation of the
household sector (£ billion)

Free 29.33 Taken from the ONS UK economic
accounts 2024

GCFHHHI Household Gross capital formation
in home improvement 2022 prices
(£ billion)

Model-
constrained

1.559 Calculated from Eq. (357)

GCFHHHIEER Gross fixed capital formation in
electrification home improvements
2022 prices (£ billion)

Model-
constrained

0.06804 Calculated from Eq. (367)

GCFHHHIENR Gross fixed capital formation in en-
ergy efficiency home improvements
2022 prices (£ billion)

Free 0.1437 Calculated such that initial value
is reasonable

GCFHHHIER Gross fixed capital formation in en-
ergy efficient home improvements
2022 prices (£ billion)

Model-
constrained

0.2117 Calculated from Eq. (364)

GCFHHHINR Gross fixed capital formation in
non-energy home improvements
2022 prices (£ billion)

Model-
constrained

1.3 Calculated from Eq. (365)

GCFHHHIR Gross fixed capital formation in
home improvements 2022 prices (£
billion)

Model-
constrained

1.512 Calculated from Eq. (361)

GCFHHNB Gross fixed capital formation in
new houses 2022 prices (£ billion)

Model-
constrained

27.77 Calculated from Eq. (361)

GCFHHNBR Gross fixed capital formation in
new houses 2022 prices (£ billion)

Free 26.94 Taken from the ONS UK economic
accounts 2024

GCFHHR Gross fixed capital formation in
new houses (£ billion)

Model-
constrained

28.45 Calculated from Eq. (361)

GCFNFC Gross capital formation of the NFC
sector (£ billion)

Free 63.53 Taken from the ONS UK economic
accounts 2024
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Symbol Description Variable cat-
egory

Initial value Source/remarks

GCFNFCC Conventional gross capital forma-
tion of the NFC sector (£ billion)

Model-
constrained

60.9 Calculated from Eq. (185)

GCFNFCCR Conventional gross capital forma-
tion of the NFC sector 2022 prices
(£ billion)

Model-
constrained

59.07 Calculated from Eq. (188)

GCFNFCD Desired NFC gross capital forma-
tion

Model-
constrained

72.09 Calculated from Eq. (182)

GCFNFCG Green gross capital formation of
the NFC sector (£ billion)

Free 2.625 Based on UK Government Green
Financing: Allocation Report 2024

GCFNFCGR Green gross capital formation of
the NFC sector 2022 prices (£ bil-
lion)

Model-
constrained

2.546 Calculated from Eq. (187)

GCFNFCR Gross capital formation of the NFC
sector 2022 prices (£ billion)

Model-
constrained

61.62 Calculated from Eq. (186)

GCFPSFF Gross capital formation of fossil
fuel power capital (£ billion)

Model-
constrained

0.6638 Calculated from Eq. (107)

GCFPSFFD Desired PS fossil fuel gross capital
formation

Model-
constrained

0.7533 Calculated from Eq. (107)

GCFPSFFR Gross capital formation of fossil
fuel power capital 2022 prices (£
billion)

Model-
constrained

0.6438 Calculated from Eq. (137)

GCFPSNFF Gross capital formation of non-
fossil fuel power capital (£ billion)

Model-
constrained

1.489 Calculated from Eq. (108)

GCFPSNFFD Desired PS non-fossil gross capital
formation

Model-
constrained

1.69 Calculated from Eq. (108)

GCFPSNFFR Gross capital formation of non-
fossil fuel power capital 2022 prices
(£ billion)

Model-
constrained

1.444 Calculated from Eq. (143)

GCFPSR Gross capital formation of the
power sector 2022 prices (£ billion)

Model-
constrained

2.088 Calculated from Eq. (112)

GCFR Real gross fixed capital formation
2022 prices (£ billion)

Model-
constrained

112.3 Calculated from Eq. (30) and
GFCF deflators

GDP Gross domestic product (£ billion) Model-
constrained

584.5 Calculated from Eq. (23)

GDPR Real gross domestic product 2022
prices (£ billion)

Model-
constrained

562.6 Calculated from Eq. (28)

GDPRFE Labour-determined potential GDP
(£ billion)

Model-
constrained

584.3 Calculated using Eq. (45)

GDPRFK Capital-determined potential GDP
(£ billion)

Model-
constrained

690.3 Calculated using Eq. (47)

GDPRMAX Maximum real supply constrained
GDP (£ billion)

Model-
constrained

584.3 Calculated using Eq. (41)

GO Total output (£ billion) Model-
constrained

1191 Calculated from Eq. (27)

GOP Gross output from production (£
billion)

Model-
constrained

1152 Calculated from Eq. (51)

GOPR Production sector gross output
2022 prices (£ billion)

Model-
constrained

1113 Calculated from Eq. (50)

GOPS Gross output from the power sec-
tor (£ billion)

Model-
constrained

38.71 Calculated from Eq. (51)

GOPSR Power sector gross output 2022
prices (£ billion)

Model-
constrained

121 Calculated from (81)

GOR Total output (£ billion 2022 prices) Model-
constrained

1150 Calculated from Eq. (31)

GOSP Gross operating surplus from pro-
duction (£ billion)

Model-
constrained

158.7 Calculated from Eq. (53)

GOSPS Gross operating surplus of the
power sector (£ billion)

Model-
constrained

-4.479 Calculated Eq. (84)

H Total number of UK properties
(millions)

Free 30.06 From UK census data
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Symbol Description Variable cat-
egory

Initial value Source/remarks

HEE Total number of UK energy effi-
cient electric properties (EPC rat-
ing C and above with electric pri-
mary fuel) (millions)

Free 0.9634 From UK EPC data

HEN Total number of UK energy effi-
cient non-electric properties (EPC
rating C and above with non-
electric primary fuel) (millions)

Free 16.69 From UK EPC data

HI Total number of UK non-energy
efficient non-electric properties
(EPC rating D and below) (mil-
lions)

Free 12.4 From UK EPC data

HB Number of houses built in the UK
(millions)

Model-
constrained

0.021 Calculated as the change in house
numbers based on housing data

HV AL Total value of housing stock (£ bil-
lion)

Model-
constrained

8727 Calculated from Eq. (399)

IADJ Import price index adjustment
based on changing basket of import
goods

Model-
constrained

1.038 Calculated from Eq. (414)

IBAGV T Interest bearing assets of the gov-
ernment sector (£ billion)

Free 465 Taken from the ONS UK economic
accounts 2024

IBAHH Interest bearing assets of the HH
sector (£ billion)

Free 2151 Taken from the ONS UK economic
accounts 2024

IBANFC Interest bearing assets of the NFC
sector (£ billion)

Free 1274 Taken from the ONS UK economic
accounts 2024

IBANMFI Interest bearing assets of the
NMFI sector (£ billion) excluding
government borrowing

Free 4394 Taken from the ONS UK economic
accounts 2024

IBAPS Interest bearing assets of the power
sector (£ billion)

Free 35.96 Taken from the ONS UK economic
accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables

IBATRGV T Interest bearing asset net-transfers
of the GVT sector (£ billion)

Free -9.236 Taken from the ONS UK economic
accounts 2024

IBATRHH Interest bearing asset net-transfers
of the HH sector (£ billion)

Free 15.41 Taken from the ONS UK economic
accounts 2024

IBATRMFI Interest bearing asset transfers of
the MFI sector (£ billion)

Model-
constrained

-155.3 Calculated from Eq. (229)

IBATRNFC Interest bearing asset net-transfers
of the NFC sector (£ billion)

Free -37.73 Taken from the ONS UK economic
accounts 2024

IBATRNMFI Interest bearing asset net-transfers
of the NMFI sector (£ billion)

Free -141.5 Taken from the ONS UK economic
accounts 2024

IBATRPS Interest bearing asset net-transfers
of the power sector (£ billion)

Free -1.065 Taken from the ONS UK economic
accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables

IBLGV T Interest bearing liabilities of the
government sector (£ billion)

Free 2517 Taken from UK government Maas-
tricht debt data

IBLGV TMFI Interest bearing liabilities of the
government sector held by MFIs (£
billion)

Free 838.9 Taken as a proportion of total gov-
ernment IBLs based on flow of
funds data

IBLGV TNMFI Interest bearing liabilities of the
government sector held by NMFIs
(£ billion)

Free 838.9 Taken as a proportion of total gov-
ernment IBLs based on flow of
funds data

IBLGV TRoW Interest bearing liabilities of the
government sector held by RoW (£
billion)

Free 838.9 Taken as a proportion of total gov-
ernment IBLs based on flow of
funds data

IBLHH Interest bearing liabilities of the
HH sector (£ billion)

Free 2083 Taken from the ONS UK economic
accounts 2024

IBLNFC Interest bearing liabilities of the
NFC sector (£ billion)

Free 1628 Taken from the ONS UK economic
accounts 2024

IBLNMFI Interest bearing liabilities of the
NMFI sector (£ billion)

Free 3105 Taken from the ONS UK economic
accounts 2024
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Symbol Description Variable cat-
egory

Initial value Source/remarks

IBLPS Interest bearing liabilities of the
power sector (£ billion)

Free 45.94 Taken from the ONS UK economic
accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables

IBLTRGV T Interest bearing liabilities net-
transfers of the GVT sector (£ bil-
lion)

Free 65.64 Taken from the ONS UK economic
accounts 2024

IBLTRGV TMFI Interest bearing liabilities transfers
of the government sector held by
MFIs (£ billion)

Free 21.88 Taken as a proportion of total gov-
ernment IBLs based on flow of
funds data

IBLTRGV TNMFIInterest bearing liabilities transfers
of the government sector held by
NMFIs (£ billion)

Free 21.88 Taken as a proportion of total gov-
ernment IBLs based on flow of
funds data

IBLTRGV TRoW Interest bearing liabilities transfers
of the government sector held by
RoW (£ billion)

Free 21.88 Taken as a proportion of total gov-
ernment IBLs based on flow of
funds data

IBLTRHH Interest bearing liabilities net-
transfers of the HH sector (£ bil-
lion)

Free 15.36 Taken from the ONS UK economic
accounts 2024

IBLTRMFI Interest bearing liability transfers
of the MFI sector (£ billion)

Model-
constrained

-146.3 Calculated from Eq. (230)

IBLTRNFC Interest bearing liabilities net-
transfers of the NFC sector (£ bil-
lion)

Free -51.33 Taken from the ONS UK economic
accounts 2024

IBLTRNMFI Interest bearing liability net-
transfers of the NMFI sector (£
billion)

Free -139.8 Taken from the ONS UK economic
accounts 2024

IBLTRPS Interest bearing liabilities net-
transfers of the power sector (£ bil-
lion)

Free -1.448 Taken from the ONS UK economic
accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables

IBNRoW Interest bearing assets of the RoW
sector (£ billion)

Free -729.2 Taken from the ONS UK economic
accounts 2024

IBNTRRoW Interest bearing asset net-transfers
of the RoW sector (£ billion)

Free 27.85 Taken from the ONS UK economic
accounts 2024

ICFUELPS Intermediate consumption of the
power sector for fuel products

Free 15.75 Taken from the ONS supply and
use tables 2024

ICFUELPSR Intermediate consumption of the
power sector for fuel products (£
bn 2022 prices)

Model-
constrained

15.75 Calculated from Eq. (167)

ICOPPS Intermediate consumption of the
power sector for other production
products (£ billion)

Model-
constrained

8.833 Calculated from Eq. (166)

ICOPPSR Intermediate consumption of the
power sector for other products (£
bn 2022 prices)

Model-
constrained

8.535 Calculated from Eq. (168)

ICPP Internal intermediate consumption
of the production sector

Free 322.2 Taken from the ONS supply and
use tables 2024

ICPPR Real internal intermediate con-
sumption of the production sector

Free 311.3 Calculated from Eq. (162)

ICPPS Intermediate consumption of the
power sector for production prod-
ucts

Free 24.58 Taken from the ONS supply and
use tables 2024

ICPSP Intermediate consumption of the
production sector for power sector
products

Free 14.07 Taken from the ONS supply and
use tables 2024

ICPSPR Real intermediate consumption of
the production sector for power
sector products (£bn 2022 prices)

Model-
constrained

44.01 Calculated from Eq. (159)

ICPSPS Internal intermediate consumption
of the power sector

Free 17.32 Taken from the ONS supply and
use tables 2024

ILLIQPS Illiquidity ratio of the power sector Model-
constrained

1.046 Calculated from Eq. (150)
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egory

Initial value Source/remarks

IMP Total Imports (£ billion) Free 227.8 Taken from the ONS UK economic
accounts 2024

IMPR Total imports 2022 prices (£ bil-
lion)

Model-
constrained

222.3 Calculated from Eq. (407)

INFA UK annual CPI inflation rate Free 0.107 From ONS CPI data
INS Total Insurance stock - asset of

households and a liability of the
NMFI sector (£ billion)

Free 970.5 Taken from the ONS UK economic
accounts 2024

INSR Income payable on insurance enti-
tlements

Free 3.14 Taken from the ONS UK economic
accounts 2024

INSTR Total Insurance stock net transfers
- asset of households and a liability
of the NMFI sector (£ billion)

Free -2.347 Taken from the ONS UK economic
accounts 2024

INTAX Total income tax received by the
government (£ billion)

Model-
constrained

99.07 Calculated from Eq. (285)

INTAXHH Income tax paid by the household
sector (£ billion)

Free 79.91 Taken from the ONS UK economic
accounts 2024

INTAXNFC Income tax paid by the NFC sector
(£ billion)

Free 19.16 Taken from the ONS UK economic
accounts 2024

INTAXRHH Income tax rate of Households Model-
constrained

0.2193 Calculated from Eq. (288)

INTAXRNFC Income tax rate of NFCs Model-
constrained

0.05261 Calculated from Eq. (286)

INTNRoW Net-Interest received by the RoW
sector (£ billion)

Free 19.52 Taken from the ONS UK economic
accounts 2024

INTPGV T Interest paid by the GVT sector (£
billion)

Free 32.87 Taken from the ONS UK economic
accounts 2024

INTPHH Interest paid by the HH sector (£
billion)

Free 15.46 Taken from the ONS UK economic
accounts 2024

INTPMFI Interest paid by the MFI sector (£
billion)

Model-
constrained

66.65 Calculated from Eq. (225)

INTPNFC Interest paid by the NFC sector (£
billion)

Free 10.28 Taken from the ONS UK economic
accounts 2024

INTPNMFI Interest paid by the NMFI sector
(£ billion)

Free 18.85 Taken from the ONS UK blue book
2023, annual data converted to
quarterly using cubic spline inter-
polation

INTPPS Interest paid by the power sector
(£ billion)

Free 0.2902 Taken from the ONS UK economic
accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables

INTRGV T Interest received by the GVT sec-
tor (£ billion)

Free 3.089 Taken from the ONS UK economic
accounts 2024

INTRHH Interest received by the HH sector
(£ billion)

Free 5.36 Taken from the ONS UK economic
accounts 2024

INTRMFI Interest received by the MFI sector
(£ billion)

Model-
constrained

77.75 Calculated from Eq. (224)

INTRNFC Interest received by the NFC sector
(£ billion)

Free 4.206 Taken from the ONS UK economic
accounts 2024

INTRNMFI Interest received by the NMFI sec-
tor (£ billion)

Free 34.35 Taken from the ONS UK blue book
2023, annual data converted to
quarterly using cubic spline inter-
polation

INTRPS Interest received by the power sec-
tor (£ billion)

Free 0.1187 Taken from the ONS UK economic
accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables

ITAX Total indirect tax received by the
government (£ billion)

Model-
constrained

65.98 Calculated from Eq. (274)

ITAXNELEC ETS tax on non-electric energy
production

Model-
constrained

0.1101 Calculated from Eq. (276)

ITAXP Total indirect taxes - subsidies on
production (£ billion)

Free 64.69 Taken from the ONS UK economic
accounts 2024
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Symbol Description Variable cat-
egory

Initial value Source/remarks

ITAXPS Total indirect taxes - subsidies on
the power sector (£ billion)

Free 1.289 Taken from the ONS supply and
use tables 2024

ITAXPSFF Indirect tax of the power sector on
fossil fuel electricity production (£
billion)

Model-
constrained

0.5461 Calculated from Eq. (281)

ITAXPSNFF Indirect tax of the power sector on
non-fossil fuel electricity produc-
tion (£ billion)

Model-
constrained

0.7432 Calculated from Eq. (282)

ITAXRP Indirect tax rate (excluding ETS)
of the production sector

Model-
constrained

0.05607 Calculated from Eq. (277)

ITAXRPS Indirect tax rate (excluding ETS)
of power sector

Model-
constrained

0.03213 Calculated from Eq. (280)

KGV T GVT capital(£ billion) Model-
constrained

886.7 Calculated from Eq. (336)

KGV TC Conventional GVT capital(£ bil-
lion)

Model-
constrained

851.2 Calculated from Eq. (337)

KGV TCR Conventional GVT capital stock
2022 prices (£ billion)

Model-
constrained

825.6 Calculated from Eq. (333)

KGV TG Green GVT capital(£ billion) Model-
constrained

35.47 Calculated from Eq. (338)

KGV TR Capital stock of the GVT sector
2022 prices (£ billion)

Free 860 Taken from the ONS capital stock
tables 2023

KNFC NFC capital(£ billion) Model-
constrained

2501 Calculated from Eq. (215)

KNFCC Conventional NFC capital(£ bil-
lion)

Model-
constrained

2401 Calculated from Eq. (216)

KNFCCR Conventional NFC capital stock
2022 prices (£ billion)

Model-
constrained

2329 Calculated from Eq. (212)

KNFCG Green NFC capital(£ billion) Model-
constrained

100 Calculated from Eq. (217)

KNFCR Capital stock of the NFC sector
2022 prices (£ billion)

Free 2426 Taken from the ONS capital stock
tables 2023

KP Total production capital (£ billion) Model-
constrained

3388 Calculated from Eq. (72)

KPC Total conventional production cap-
ital (£ billion)

Model-
constrained

3252 Calculated from Eq. (74)

KPCR Real total conventional production
capital 2022 prices (£ billion)

Model-
constrained

3155 Calculated from Eq. (77)

KPG Total green production capital (£
billion)

Model-
constrained

135.5 Calculated from Eq. (73)

KPGR Real total green production capital
2022 prices (£ billion)

Model-
constrained

131.4 Calculated from Eq. (76)

KPR Real total production capital 2022
prices (£ billion)

Model-
constrained

3286 Calculated from Eq. (75)

KPS Capital stock of the power sector(£
billion)

Free 132.5 Taken from the ONS capital stock
tables 2023 assuming D351 capital
is proportion to the sectors GVA in
the supply and use tables 2023

KPSFF Power sector fossil fuel capital (£
billion)

Model-
constrained

79.51 Calculated from Eq. (146)

KPSFFR Power sector fossil fuel capital 2022
prices (£ billion)

Model-
constrained

77.12 Calculated from Eq. (136)

KPSNFF Power sector non-fossil fuel capital
(£ billion)

Model-
constrained

57.11 Calculated from Eq. (146)

KPSNFFR Non-fossil fuel capital stock of the
power sector (£ billion)

Free 55.4 Calculated using DUKES table 5.7

KPSR Capital stock of the power sector
2022 prices (£ billion)

Free 132.5 Taken from the ONS capital stock
tables 2023 assuming D351 capital
is proportion to the sectors GVA in
the supply and use tables 2023

LPP Leiontief coefficient for internal
intermediate consumption of the
production sector

Model-
constrained

1.417 Calculated from Eq. (170)
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Symbol Description Variable cat-
egory

Initial value Source/remarks

LPPS Leiontief coefficient for the pow-
ersector intermediate consumption
of the production products

Model-
constrained

0.5143 Calculated from Eq. (171)

LPSP Leiontief coefficient for the produc-
tion sector intermediate consump-
tion of the power products

Model-
constrained

0.1014 Calculated from Eq. (172)

LPSPS Leiontief coefficient for internal
intermediate consumption of the
power sector

Model-
constrained

1.847 Calculated from Eq. (173)

LEND Overall net lending - should equal
0 by definition

Model-
constrained

0 Calculated from Eq. (461)

LENDGV T Net-lending position of the GVT
sector (£ billion)

Free -41.27 Taken from the ONS UK economic
accounts 2024

LENDGV TM Model determined net-lending po-
sition of the government sector (£
billion)

Model-
constrained

-32.42 Calculated from Eq. (308)

LENDHH Net-lending position of the HH sec-
tor (£ billion)

Free -0.471 Taken from the ONS UK economic
accounts 2024

LENDHHM Model determined net-lending po-
sition of the HH sector (£ billion)

Model-
constrained

-11.24 Calculated from Eq. (369)

LENDM Overall model determined net
lending - should equal 0 by defini-
tion

Model-
constrained

5.44 Calculated from Eq. (460)

LENDMFI Net-lending position of the MFI
sector (£ billion)

Free -15.47 Taken from the ONS UK economic
accounts 2024

LENDMFIM Model determined net lending of
the MFI sector (£ billion)

Model-
constrained

11.1 Calculated from Eq. (223)

LENDNFC Net-lending position of the NFC
sector (£ billion)

Free 14.29 Taken from the ONS UK economic
accounts 2024

LENDNFCM Model determined net-lending po-
sition of the NFC sector (£ billion)

Model-
constrained

49.83 Calculated from Eq. (189)

LENDNMFI Net-lending position of the NMFI
sector (£ billion)

Free 66.38 Taken from the ONS UK economic
accounts 2024

LENDNMFIM Model determined net-lending po-
sition of the NMFI sector (£ bil-
lion)

Model-
constrained

-15.42 Calculated from Eq. (249)

LENDPS Net-lending position of the power
sector (£ billion)

Model-
constrained

-7.37 Calculated from Eq. (115)

LENDRoW Net-lending position of the RoW
sector (£ billion)

Free -16.09 Taken from the ONS UK economic
accounts 2024

LENDRoWM Disposable income of the rest of
the world (£ billion)

Model-
constrained

10.96 Calculated from Eq. (416)

LEVNFC Leverage ratio of the NFC sector Model-
constrained

0.651 Calculated from Eq. (219)

LEVPS Leverage ratio of the power sector Model-
constrained

0.3467 Calculated from Eq. (149)

LF Labour force (millions) Free 34.08 Taken from the ONS labour mar-
ket survey 2023

MAASADJ Maastricht debt adjustment to in-
terest bearing liability stock of the
government sector

Free -94.69 Calculated from past data

MCELEC Marginal cost of overall electricity
generation (£ bn/ TwH)

Model-
constrained

0.4365 Calculated from Eq. (92)

MCFF Marginal cost of fossil fuel electric-
ity generation (£ bn/ TwH)

Model-
constrained

0.5868 Calculated from Eq. (91)

NWGV T GVT net worth (£ billion) Model-
constrained

-967.2 Calculated from Eq. (342)

NWHH HH net worth (£ billion) Model-
constrained

13110 Calculated from Eq. (401)

NWNFC NFC net worth (£ billion) Model-
constrained

-489.9 Calculated from Eq. (218)

NWPS Net worth of the power sector (£
billion)

Model-
constrained

48.12 Calculated from Eq. (148)
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egory
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OCONSGV T Other consumption of the Govern-
ment sector (£ billion)

Free 58.03 Taken from the ONS UK economic
accounts 2024 by deducting gov-
ernment wages and gross operating
surplus from total government con-
sumption

OTEQAHH Revaluations of equity assets of the
HH sector (£ billion)

Model-
constrained

57.13 Calculated from Eq. (383)

OTEQANFC Revaluations of equity assets of the
NFC sector (£ billion)

Model-
constrained

-42.8 Calculated from Eq. (198)

OTEQANMFI Revaluations of equity assets of the
NMFI sector (£ billion)

Model-
constrained

180.3 Calculated from Eq. (259)

OTEQAPS Revaluations of equity assets of the
power sector (£ billion)

Model-
constrained

-1.208 Calculated from Eq. (122)

OTEQLNFC Revaluations of equity liabilities of
the NFC sector (£ billion)

Model-
constrained

175.3 Calculated from Eq. (199)

OTEQLNMFI Revaluations of equity liabilities of
the NMFI sector (£ billion)

Model-
constrained

127.1 Calculated from Eq. (260)

OTEQLPS Revaluations of equity liabilities of
the power sector (£ billion)

Model-
constrained

4.948 Calculated from Eq. (123)

OTEQNRoW Revaluations of equity assets of the
RoW sector (£ billion)

Model-
constrained

114 Calculated from Eq. (425)

OTIBAGV T Revaluations of interest bearing as-
sets of the GVT sector (£ billion)

Model-
constrained

-3.454 Calculated from Eq. (318)

OTIBAHH Revaluations of interest bearing as-
sets of the HH sector (£ billion)

Model-
constrained

-1.288 Calculated from Eq. (382)

OTIBANFC Revaluations of interest bearing as-
sets of the NFC sector (£ billion)

Model-
constrained

-0.5874 Calculated from Eq. (197)

OTIBANMFI Revaluations of interest bearing as-
sets of the NMFI sector (£ billion)

Model-
constrained

-149.3 Calculated from Eq. (257)

OTIBAPS Revaluations of interest bearing as-
sets of the power sector (£ billion)

Model-
constrained

-0.01658 Calculated from Eq. (121)

OTIBARoW Revaluations of interest bearing as-
sets of the RoW sector (£ billion)

Model-
constrained

71.83 Calculated from Eq. (424)

OTIBLGV T Revaluations of interest bearing li-
abilities of the GVT sector (£ bil-
lion)

Model-
constrained

7.012 Calculated from Eq. (319)

OTIBLHH Revaluations of interest bearing li-
abilities of the HH sector (£ bil-
lion)

Model-
constrained

-0.567 Calculated from Eq. (386)

OTIBLNFC Revaluations of interest bearing li-
abilities of the NFC sector (£ bil-
lion)

Model-
constrained

34.72 Calculated from Eq. (200)

OTIBLNMFI Revaluations of interest bearing li-
abilities of the NMFI sector (£ bil-
lion)

Model-
constrained

-63.68 Calculated from Eq. (258)

OTIBLPS Revaluations of interest bearing li-
abilities of the power sector (£ bil-
lion)

Model-
constrained

0.9797 Calculated from Eq. (124)

OTINS Revaluations of insurance assets of
the HH sector (£ billion)

Model-
constrained

244.8 Calculated from Eq. (385)

OTPENS Revaluations of pension assets of
the HH sector (£ billion)

Model-
constrained

37.02 Calculated from Eq. (384)

OTRESGV T Revaluations of residual financial
instrument of the GVT sector (£
billion)

Model-
constrained

-34.38 Calculated from Eq. (331)

OTRESHH Revaluations of residual financial
instrument of the HH sector (£ bil-
lion)

Model-
constrained

-286.8 Calculated from Eq. (390)

OTRESNFC Revaluations of residual financial
instrument of the NFC sector (£
billion)

Model-
constrained

-38.31 Calculated from Eq. (210)
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egory
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OTRESNMFI Revaluations of residual financial
instrument of the NMFI sector (£
billion)

Model-
constrained

371.4 Calculated from Eq. (271)

OTRESPS Revaluations of residual financial
instrument of the power sector (£
billion)

Model-
constrained

6.692 Calculated from Eq. (134)

OTRESRoW Revaluations of residual financial
instrument of the RoW sector (£
billion)

Model-
constrained

-0.8433 Calculated from Eq. (430)

P GDP price deflator indexed at Q4
2022

Model-
constrained

1.039 Calculated from Eq. (33)

PE Export prices Free 1.035 Taken from the ONS UK eco-
nomic accounts 2024 and nor-
malised around the initial condi-
tion

PELEC Price of electricity (£billion/TwH) Model-
constrained

0.3198 Calculated by dividing implied
prices to households and produc-
tion and taking the average

PELECLR Long run electricity price (£bn /
TwH)

Model-
constrained

0.3198 Set equal to initial electricity price

PETS ETS Price £ bn/MtCO2e adjusted
for 2024 pricing

Free 0.006662 Based on initial government in-
come from the ETS scheme in 2022

PF Global Price index Free 1 Taken from world bank data
PFUEL Price of fuel inputs to the power

sector
Model-
constrained

1 Calculated from Eq. (157)

PGAS Wholesale gas price in the UK Free 0.06182 From OBR estimates 2024
PH House prices (£ billion per million

houses)
Free 290.3 Taken as the average house price

from the UK house price index
PI Import prices Free 1.038 Taken from the ONS UK eco-

nomic accounts 2024 and nor-
malised around the initial condi-
tion

PNELEC Price of non-electricity energy
(£billion/TwH)

Free 0.09337 Calculated by dividing total non-
electric costs from DUKES table
1.1.6 by non-electric energy use

PNELECT Non-electric energy price including
energy taxes (£ billion)

Model-
constrained

0.09374 Calculated from Eq. (69)

POIL Wholesale oil price in the UK Free 0.05404 From OBR estimates 2024
PP Production sector price level Model-

constrained
1.035 Calculated

PENS Total pension scheme stock - asset
of households and a liability of the
NMFI sector (£ billion)

Free 2594 Taken from the ONS UK blue book
accounts 2023 - converted to quar-
terly data using cubic spline inter-
polation

PENSADJ Adjustment to pension entitle-
ments as defined within the SNA
(£ bn)

Model-
constrained

21.44 Calculated from Eq. (248)

PENSR Income payable on pension entitle-
ments

Free 21.39 Taken from the ONS UK economic
accounts 2024

PENSTR Total pension scheme stock net
transfers - asset of households and
a liability of the NMFI sector (£
billion)

Free 21.44 Taken from the ONS UK blue book
accounts 2023 - converted to quar-
terly data using cubic spline inter-
polation

POP Total 16+ population (millions) Free 54.55 Taken from OBR data
rBOE Bank of England annual base rate Free 0.0225 From Bank of England data
rBOEQ Quarterly Bank of England inter-

est rate
Model-
constrained

0.005578 Calculated from Eq. (433)

rIBAGV T rate of return on GVT interest
bearing assets

Model-
constrained

0.006466 Calculated from Eq. (290)

rIBAGV TLR Long run interest bearing asset in-
terest rates for the GVT sector

Model-
constrained

0.007632 Calculated from Eq. (441)

rIBAHH rate of return on HH interest bear-
ing assets

Model-
constrained

0.002509 Calculated from Eq. (344)

75



Symbol Description Variable cat-
egory
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rIBAHHLR Long run interest bearing asset in-
terest rates for the household sec-
tor

Model-
constrained

0.002509 Calculated from Eq. (443)

rIBANFC rate of return on NFC interest
bearing assets

Model-
constrained

0.003204 Calculated from Eq. (175)

rIBANFCLR Long run interest bearing asset in-
terest rates for the NFC sector

Model-
constrained

0.003204 Calculated from Eq. (435)

rIBANMFI rate of return on NFC interest
bearing assets

Model-
constrained

0.004994 Calculated from Eq. (240)

rIBANMFILR Long run interest bearing asset in-
terest rates for the NMFI sector

Model-
constrained

0.004289 Calculated from Eq. (439)

rIBAPS rate of return on PS interest bear-
ing assets

Model-
constrained

0.003204 Calculated from Eq. (96)

rIBAPSLR Long run interest bearing asset in-
terest rates for the Power sector

Model-
constrained

0.003204 Calculated from Eq. (437)

rIBLGV T rate of return on GVT interest
bearing liabilities

Model-
constrained

0.01345 Calculated from Eq. (291)

rIBLHH rate of return on HH interest bear-
ing liabilities

Model-
constrained

0.007475 Calculated from Eq. (345)

rIBLNFC rate of return on NFC interest
bearing liabilities

Model-
constrained

0.006253 Calculated from Eq. (176)

rIBLNMFI rate of return on NMFI interest
bearing liabilities

Model-
constrained

0.005697 Calculated from Eq. (241)

rIBLPS rate of return on PS interest bear-
ing liabilities

Model-
constrained

0.006253 Calculated from Eq. (97)

rIBNRoW rate of return on RoW interest
bearing assets

Model-
constrained

-0.01033 Calculated from Eq. (INTRRoW )

rIBNRoWLR Long run net interest bearing asset
interest rates for the RoW sector

Model-
constrained

0.01436 Calculated from Eq.
(rIBARoWLR)

re Rate of employment Free 0.9627 Taken from the ONS labour mar-
ket survey 2023

REER Real effective exchange rate Model-
constrained

1.035 Calculated from Eq. (415)

RESGV T Residual financial instrument of
the GVT sector (£ billion)

Model-
constrained

197.9 Calculated from Eq. (332)

RESHH Residual financial instrument of
the H sector (£ billion)

Model-
constrained

-319.2 Calculated from Eq. (391)

RESMFI Residual financial instrument of
the MFI sector (£ billion)

Model-
constrained

-69.54 Calculated from Eq. (235)

RESNFC Residual financial instrument of
the NFC sector (£ billion)

Model-
constrained

-265.3 Calculated from Eq. (211)

RESNMFI Residual financial instrument of
the NMFI sector (£ billion)

Model-
constrained

262.7 Calculated from Eq. (272)

RESPS Residual financial instrument of
the power sector (£ billion)

Model-
constrained

-7.486 Calculated from Eq. (135)

RESRoW Residual financial instrument of
the RoW sector (£ billion)

Model-
constrained

200.9 Calculated from Eq. (431)

RESTRGV T Residual financial instrument
transfer of the GVT sector (£
billion)

Model-
constrained

33.6 Calculated from Eq. (312)

RESTRHH Residual financial instrument
transfer of the HH sector (£
billion)

Model-
constrained

-0.5674 Calculated from Eq. (372)

RESTRMFI residual financial instrument trans-
fers of the MFI sector (£ billion)

Model-
constrained

-6.416 Calculated from Eq. (231)

RESTRNFC Residual financial instrument
transfer of the NFC sector (£
billion)

Model-
constrained

-28.23 Calculated from Eq. (195)

RESTRNMFI Residual financial instrument
transfer of the NMFI sector (£
billion)

Model-
constrained

-2.405 Calculated from Eq. (255)
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Symbol Description Variable cat-
egory

Initial value Source/remarks

RESTRPS Residual financial instrument
transfer of the PS sector (£ bil-
lion)

Model-
constrained

-8.569 Calculated from Eq. (119)

RESTRRoW Residual financial instrument
transfer of the RoW sector (£
billion)

Model-
constrained

12.58 Calculated from Eq.
(IBATRRoW )

RoWDR Real RoW Demand Free 22.27 Taken from global output data
RPNFC Retained profits of the NFC sector

(£ billion)
Model-
constrained

113.4 Calculated from Eq. (101)

RPPS Retained profits of the power sec-
tor (£ billion)

Model-
constrained

-5.217 Calculated from Eq. (101)

ru Rate of unemployment Model-
constrained

0.03725 Calculated from Eq. (46)

SAVHH Household savings (£ billion) Model-
constrained

-27.88 Calculated from Eq. (356)

SOCB Total social benefits received by
the Household sector (£ billion)

Model-
constrained

103.5 Calculated from Eq. (349)

SOCBGV T Social benefits paid by the Govern-
ment sector (£ billion)

Free 82.8 Taken from the ONS UK economic
accounts 2024

SOCBNMFI Social benefits paid by the NMFI
sector (£ billion)

Free 20.68 Taken from the ONS UK economic
accounts 2024

SOCC Total social contributions paid by
the Household sector (£ billion)

Model-
constrained

97.5 Calculated from Eq. (348)

SOCCGV T Social contributions received by
the Government sector (£ billion)

Free 55.38 Taken from the ONS UK economic
accounts 2024

SOCCNMFI Social contributions received by
the NMFI sector (£ billion)

Free 42.13 Taken from the ONS UK economic
accounts 2024

SOCCRGV T Social contribution rate on govern-
ment social contributions

Model-
constrained

0.152 Calculated from Eq. (292)

SPENDGV T Total Government spending (excl.
wages)

Model-
constrained

161.6 Calculated from Eq. (299)

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

uFF Utilisation of fossil based electric-
ity capital

Model-
constrained

0.3083 Calculated from Eq. (103)

uNFF Utilisation of non-fossil based elec-
tricity capital

Model-
constrained

1 Calculated from Eq. (104)

uPS Utilisation of ovewrall electricity
capital

Model-
constrained

0.5255 Calculated from Eq. (105)

UC Unit costs of the production mod-
ule

Model-
constrained

0.8924 Calculated from Eq. (55)

W Total wages including mixed in-
come (£ billion)

Free 364.3 Taken from the ONS UK economic
accounts 2024

WPRI Total private wages (£ billion) Model-
constrained

302.8 Calculated from Eq. (64)

WPUB 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-
constrained

0.6233 Calculated from Eq. (58)

WR Overall wage rate (£ thousands) Model-
constrained

11.1 Calculated from Eq. (59)

WRPRI Private sector wage rate (£ thou-
sands)

Model-
constrained

11.21 Calculated from Eq. (62)

WRPUB Public sector wage rate (£ thou-
sands)

Model-
constrained

10.6 Calculated from Eq. (63)

Y DGV T Government disposable income (£
billion)

Model-
constrained

107.9 Calculated from Eq. (273)

Y DHH Household disposable income (£
billion)

Model-
constrained

312.8 Calculated from Eq. (347)
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Symbol Description Variable cat-
egory

Initial value Source/remarks

Y DNFC NFC disposable income (£ billion) Model-
constrained

133.4 Calculated from Eq. (177)

Y DNMFI NMFI disposable income (£ bil-
lion)

Model-
constrained

9.106 Calculated from Eq. (239)

Y DPS Disposable income of the power
sector (£ billion)

Model-
constrained

-4.651 Calculated from Eq. (98)

Y PHH Household income from production
(£ billion)

Model-
constrained

386.7 Calculated from Eq. (343)

Y PNFC NFC income from production (£
billion)

Model-
constrained

152.6 Calculated from Eq. (174)

Y PRoW RoW income from production (£
billion)

Model-
constrained

-8.568 Calculated from Eq. (402)

αFUELPS Technical coefficient for the power
sector intermediate consumption
of fuel products

Model-
constrained

0.1301 Calculated from Eq. (167)

αOPPS Technical coefficient for the power
sector intermediate consumption
of other production products

Model-
constrained

0.07051 Calculated from Eq. (168)

αPP Technical coefficient for internal
intermediate consumption of the
production sector (real terms)

Model-
constrained

0.2798 Calculated from Eq. (162)

αPPS Technical coefficient for the power
sector intermediate consumption
of production products

Model-
constrained

0.2006 Calculated from Eq. (158)

αPSP Technical coefficient for the pro-
duction sector intermediate con-
sumption of the power products

Model-
constrained

0.03955 Calculated from Eq. (154)

αPSPS Technical coefficient for internal
intermediate consumption of the
power sector

Model-
constrained

0.4474 Calculated from Eq. (165)

βGCFHH Estimate of initial proportion of
home improvement spending on
energy efficiency

Free 0.14 Estimate based on ONS data and
to generate the baseline scenario

βgvt Proportion of government green in-
vestment

Model-
constrained

0.04132 Calculated from Eq. (301)

βnfc Proportion of NFC green invest-
ment

Model-
constrained

0.04132 Calculated from Eq. (184)

βNFF Share of non-fossil fuel electrical
energy in total electrical energy
production

Model-
constrained

0.5976 Calculated from Eq. (85)

δKP Depreciation rate of Production
sector capital

Free 0.02149 Calculated from the ONS capital
stock tables 2023

δKPSFF Depreciation rate of power sector
fossil capital

Free 0.01227 Calculated from the ONS capital
stock tables 2023

δKPSNFF Depreciation rate of power sector
non-fossil capital

Free 0.01227 Calculated from the ONS capital
stock tables 2023

ϵ Energy intensity of production
(TwH)

Model-
constrained

0.2312 Calculated from Eq. (2)

λ Labour productivity rate - GDP
per employee

Model-
constrained

17.14 Calculated using Eq. (39)

µ Mark up over unit costs for the do-
mestic production module

Model-
constrained

0.1704 Calculated from Eq. (54), floored
at 0.001 for log stability

ν Capital productivity rate Model-
constrained

0.2101 Calculated from Eq. (40)

ωELEC Emission intensity of fossil
fuel electric energy production
(MtCO2e/TwH)

Model-
constrained

0.5098 Calculated from Eq. (17)

ωNELEC Emission intensity of non-
electric energy production
(MtCO2e/TwH)

Model-
constrained

0.2944 Calculated from Eq. (16)
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egory

Initial value Source/remarks

θP Share of electric energy for produc-
tion in total energy for production
(TwH)

Model-
constrained

0.171 Calculated from Eq. (10)
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