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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.



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 (CONSpg), 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 (ICpgp) accounts primarily for the consumption of electricity
by industrial sectors, while intermediate consumption of the power sector for products of the pro-
duction sector (ICppg) accounts for inputs into the electricity generation process, notably fossil
fuels. Both the production and power sectors also have internal intermediate consumption that
completes the input-output structure.

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 MFT 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 (PENS4py) are paid by NMFIs
to the household sector. A residual transaction for each sector is used to bring model-determined
net lending in line with the net lending level from national accounts.

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.



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
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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,' 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.

2.8. Model equations and calibration approach

The model features three high-level equation categories:

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

"'We 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 ‘4’ 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:
LENDNFpcme = RPyrot — GCENpcy

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.

e 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:

AL(CONSuupt) = eccunp(aocuup + aroaapL(Y Dami—1)
+ cocraPL(FNWrgi—1) — L(CONSHEPi-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,
ai1cggp in the above equations describes the long run relationship between household in-
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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 +3282 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 O
Equity Liabilities -173.4  -3.7 +311.5 -1344 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.

e 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:
Wi

- _ 1

GDP, (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

Wi

government consumptions:
OCONSgyrt = aoconsavrGDP—q (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.



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
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
Changes in net financial — Equity assets® +95.7 +2.7 -75.4 -45.1 +22.1 0
assets arising from Equity liabilities** +43.7 +1.2 -101.9 +57.0 0
financial transactions 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
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
Other changes in Equ?ty a:sse.ts*. -82.1 -2.3 +107.7 -62.2 +38.9 0
net financial assets 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) +352.1 436.0 -398.2 +1050.1  -103.7  -1167.7 4231.4 0
Change in net financial assets (8)=(6)4(7) +374.7 +10.5  -305.1 +1018.1  -219.8  -1173.3  +294.9 0
Closing net worth (2022) (9)=(1)+(5)+(8) 4506 111 -409.0  +619.1  -967.2 463715 13448 +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-MF1Is: 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
emissions®. Therefore, damages would be driven exogenously based on the predicted level of global
emissions. Such an analysis would be valuable for exploring the UKs medium to long term exposure
to climate risk however currently the model focuses on the short to medium term analysis of the
effectiveness of transition policy. The inclusion of matter is also an area of interest; however, much
matter in the UK is imported and the global stock of materials is not going to be heavily impacted
by the UK material use.®> The current environmental structure of the model is well placed to
analyse the impacts of policies targeting the expansion of non-fossil fuel energy generation and
investment in greening the UK housing stock. These are areas that are high on the green policy
agenda in the UK.

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 (FE) is calculated as the sum of the energy use from production (Ep) and
the energy use from housing (Ef) (Eq.(1)). The energy use for production (Ep) is the product
of overall economic activity, represented by the real gross output of production (GOpgr) and the
energy efficiency of production (e). The total use of household energy (Ef) is given by the sum of
household electricity use (Fprpcp) and direct energy consumption (Epg).

Ey = Ep; + Epy (1)
Ep; = €tGOPRt (2)
Ewut = Egrecut + Epmt (3)

The total electricity (EFrrpc) is the sum of the electricity for production (Frprpcp) and elec-
tricity for housing (EFprepcm) (9). The maximum electricity (Errpomax) 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 (EFFrp & EFFypr) multiplied by the respective real capital of fossil fuel and non-fossil
fuel power capital (Kpsprr & Kpsnrrr) (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 efficiency® 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.

Eerect = Eerecpt + EELECH! (4)
Erprpcvmaxt = CFrrKpsrrrt + CENpri(Kpsnrrre + KevrNFFRE) (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 (EgprponrF)
is equal to its maximum generation capacity (i.e. CFnpptKpsyprpr) until the point where its
capacity is greater than the total electricity demand (Egrpct) (Eq. 6). The constant ogrpc 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 (Eprrcrr) 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.

Epreenrre = min(Eprectorrec, CENFrtKPSNFFRE) (6)

Egrecrrt = EeLect — EELECNFFt (7)

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

while the value Bgrecrm reflects the proportion of use of electricity in non-fully electric houses®.
Egrecpt = 0ptEp (8)
Eprecnt = (OurHr +OupnHent)Berecy + OnpeHER: 9)

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

SRelating to common electrical uses from household white goods etc.
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production (Epp) and the direct energy consumption related to housing (Epg) (10). The demand
for direct energy from production (Epp) is defined as the proportion of energy for production not
provided by electricity (1 — #p) multiplied by the total energy demand for production (Ep). The
direct energy consumption of houses (Epy) defined in Eq. (12) is calculated similarly to Eq. (9)
with the remainder of inefficient (H;) and efficient non-electric (Hgy) energy demand being drawn
from direct energy sources.

Ept = (Eppt + Epht) (10)
Eppy=(1—0p;)Ep; (11)
Eput = OurHp + OuenHen:) (1 — BeELECH) (12)

3.1.2. Emissions

The total greenhouse gas emissions (EM1S) are split into direct energy consumption emissions
(EMISp) and electricity emissions (EMISprpc) (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 (wp) and total direct fossil energy consumption
(Ept) (Eq. (14)). Electricity emissions are then calculated as the product of the electricity emission
intensity (wgrpc) and the provision of fossil fuel-based electricity (Errecrr) (Eq. (15)).

EMIS; = EMISp; + EMISgrEct (13)
EMI1Sp; = wpiEps (14)
EMISgrEct = wELECtEELECFF! (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.

3.1.8. 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 projections®

global DEFINE model (Dafermos and Nikolaidi, 2022).

The energy efficiency of production (€) 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 € (Eq. (16)). The capacity factor of
non-fossil fuel electricity production (CFypp) 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 (6p) 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 (wp) 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)).” Finally, the emission intensity of electricity production (wgrpc) reduces
based on the ratio between non-fossil fuel and fossil fuel energy production(Eq. (20)). This
captures the merit-order effect® resulting in a fall in average emissions of fossil fuel electricity
production as there is greater non-fossil fuel penetration in energy markets.

in a way similar to the

(1 + 771) : (emax - emin)
14+ Wlem(KPGt—l/KPCt—ﬂ

(1+m2) - (CFhaz — CFnin)

1 + moer2(EeLecNFFri—1/EpLECFFI-1)

€t = €min +

CENFrt = CFyin +

5For the importance of these processes in energy systems and renewable energy technologies, see Kahouli-Brahmi
(2009) and Tang and Popp (2016).

"This 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.

8 As lower cost non-fossil fuel energy sources expand this changes the order in which power plants are dispatched
to meet energy demand with the least efficient, most costly, plants ceasing their operations first.
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1+ m3

HPt =1- 1+ 7r367n3Kpcz71/KPCt71 (18)
_ (L+ 1) - (Wimas — wamin)
Wpt = Wdmin + 1+ 7T4€(H4KPG’5_1/KPCt_1) (19)
1 . — ‘
WELECt = Wemin + (L+75) - (Wemar — Wemin) (20)

1 + msers(Eeeenrri—1/Eprpcrri-1)

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

While high level macroeconomic variables are demand determined there are supply constraints
in the model. The role of supply in post-Keynesian analysis is often under-emphasised when com-
pared to demand. This may be in part in opposition to the fully supply-determined approach of
many main macroeconomic models such as DSGE and CGE approaches, although it is also due to
the post-Keynesian argument that supply-side factors, such as technology and productivity, will
respond to some extent to demand pressures (Stockhammer, 2023). Setterfield (2023) argue that
supply side constraints can and should be integrated into post-Keynesian macroeconomic models
and 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.

GDP, =CONS; + GCF; + EXP, — IMP, (21)
CONS; = CONSphs + CONSgvre (22)

Including intermediate inputs to production.
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GCF; = GCFNpct + GCFpsy + GCEgyr + GCFm (23)
GOy = GOp; + GOpg; (24)

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

GDPg, = CONSg; + GCFgy + EX Pry — IM Ppy (25)
N
CONSg; = CONS, (26)
Pp,
GCFgy = GOF: (27)
Ppy
GOp = GO (28)
Ppy

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

GDP,

- urh 9
9= GDP_, (29)
GDP,
T GDPg (30)

Turning to supply within the model, the model employs a Leontief-type production function for
both labour and capital. Therefore, the productivity of both labour and capital must be defined
within the model. Labour productivity per worker () is set as a function of real growth GDPp
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 (v) 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.

AL)\t = o) + O{l)\A(L(GDPRt)) + Oég,\A(L(GCFRt — GCFHHRt))) (31)
Al/t =0 (32)

Employing the Leontief-type production function for labour leads to the definition of total
employment (EM P) as equal to real GDP (GDPgr) divided by labour productivity per worker
(Eq. (33)). Employment is then split between public- and private-sector employment. Public
sector employment (EM Ppyp) is effectively a policy variable; for the model it is assumed that
the size of public sector employment, relative to the size of the labour force (LF), is constant and
therefore public sector 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
(EM Pppgy) is defined as total employment minus public sector employment (Eq. (35)).

GDP,
EMP; = ht (33)
A
LF;
EM Ppyp; = ———EM Ppyp; 1 (34)
LF; 4
EMPprp; = EMP, — EM Ppyp, (35)

Now to define the supply constraint explicitly, real full employment GDP (GDPrrg)'? is equal
to the total labour force (LF') multiplied by labour productivity (A) (Eq. (36)). Real full capital
utilisation GDP (GDPrrx)'! is equal to the total real productive capital (K pr) multiplied by cap-
ital productivity (v) (Eq. (37)). Taken together, these two constraints generate the maximum real
GDP (GDPrprax) which is defined as the minimum of these supply constraints (Eq. (38)). This
is similar to the approach taken in the DEFINE model (Dafermos et al., 2017), where maximum
GDP is the minimum of several separate supply side constraints.

GDPrrp; = \LF; (36)
GDPrrit = tKpre (37)
GDPRMAXt = min(GDPRFEt, GDPRFKt) (38)

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

0This is the labour supply constraint.

HThis 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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LF;, = grroBrLFi—1 (39)

POP, = POPoppy (40)
EMP,

rep = IF, ! (41)

rug =1 —re; (42)
GDPp,

_ 43

ut GDPrrit (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.'® To address this, the production module is defined
separately from any one model sector. The production module is therefore initially defined as the
destination of all GDP expenditure flows and the origin of all GDP income flows.

This would be sufficient if 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
(CONSump), the total consumption of the government (CONSgyr) and exports (EXP) (Eq.
(44)). The real final demand for production products (Fpg) is then given as the sum of the real

BFor 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).

11t 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.
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components of the final demand (Eq. (45)). The real gross output of the production (GOpp) 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 (GOppg) by the
production price deflator (Pp) (Eq. (47)). Total input costs of the production module (COSTp)
are defined as the sum of total wages (W), indirect taxation on production (I7T'AXp), 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 + CONSGVTt + GCFt + EXPt
Fpri = CONSyggprt + CONSavrr: + GCFRr + EX PRy

GOpgrt = LpptFpri + LppsiFrsri
GOp; = GOpgi Ppy
COSTpy =W+ ITAXp + ICppy + ICpspy + IM P, (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)).!5 Unit costs (UC) are defined as the total nominal
cost of production divided by the real output of production (GOpgr) (Eq. (50)). The mark-up
(MU) itself varies according to the capital capacity utilisation rate (u) (Eq. (51)). This partially
addresses a common critique of fixed mark-up pricing'® which posits that the mark-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.

Pp; = (1 + MUt)UCt_l (49)
 COSTp

v = GOppgt (50)

MUt = QMU U (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 (CON Sgyr) 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 (Wyg) 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 (Wg), or wage per employee, is defined as the total wage (WsGDP)
divided by the total number of employees (EM P) (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 (W Rpyp) and private (W Rprr) wage rates
are defined as multiples of the total wage rate (Eqs. (54) & (55)).17

1

Wi = 1 4+ e~ (@ows—cawsrui) (52)
WR, = W gﬂlﬁ; (53)

W Rprrt = BwrpriW Ry (54)
WRpupt = BwrrupW Ri—1 (55)
Wprit = WRpriiEM Pprrt (56)
Wpupt = WRpyptEM Ppy i (57)
Wi = Wpgr + Wpust (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 (Pp) is defined
as a fixed mark-up over the prices of gas (Pgas) and oil (Porr), 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 (Ppr) is given by adding the indirect tax per unit of
direct energy (ITAXp/Ep) to the non-taxed price of direct energy consumption (Eq.(59)). The
price of fuel (Prypgr) 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 (COSTp) is given as the price of
direct energy (Pp) multiplied by total direct energy use (Ep) (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
(COSTp), the total tax paid on direct energy use (ITAXp), the final consumption of electricity
by households (CONSppps and the intermediate consumption of electricity by the production
module (ICpgp); all divided by the level of production price (Pp) (Eq. (63).

Ppy = ap(BpcasPaast + BoorPorrt) (59)
ITAX
PDTt:PDt-i'TDt (60)
Dt

"Note that the public wage rate is based on the lag of the overall wage rate; this is due to public wage rates
directly determining the level of government consumption, which is a component of GDP, therefore this must be
lagged to avoid a circular dependency between equations.
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Pruer: = apruerPaast (61)

COSTp: = PpiEp: (62)
COSTpp — COSTps + ITAXp +PCONSHHPSt + ICpsp: (63)
Pt

Productive capital (Kp) in the model is defined as all non-housing capital so is given by the
total capital stock of non-financial corporations (Knrc) and the government (Kgyr) (Eq. (64)).
For both NFCs and the government, the productive capital is divided into green and conventional
capital stocks with the total green (Kpg) and conventional (Kpc) defined as the sum of the
respective green and conventional NFC and government capital stocks (Egs. (65) & (66)). Real
productive capital levels are defined similarly on the basis of the real NFC and government capital
stocks (Eqgs. (67), (68) & (69)). The depreciation of productive capital (0xp), 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 efliciency, as is the case for
the EUROGREEN model (D’Alessandro et al., 2020).

Kpi = Knret + Kavrt (64)
Kpat = Knroat + Kavrat (65)
Kpct = Knreot + Kavrot (66)
Kppt = Knrort + Kavrre (67)

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

3.8.2. The power generation sector

The power generation sector is the other input output sector outside of the production sector
which is involved in the input-output system. This sector is defined as the industry ‘Electricity,
gas, steam and air conditioning supply (D.35)” in the ONS input output tables. The final demand
for products from the power sector, which is assumed to be completely electricity demand (Fpg),
is equal to the household consumption of electricity (CONSppps) (Eq. (71)). The real final
demand for power sector products (Fpgr) is then given as the real value of household consumption
(Eq. (72)). The real gross output of the power sector (GOpgr) 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 (GOpg) is
then derived by multiplying the real gross output of the power sector (GOpgr) by the price of
electricity (Prrec) (Eq. (74)). The total input costs of the power sector (COSTpg) are defined
as the sum of indirect taxation on the power sector (ITAXpg), intermediate consumption of
production products (ICppg)'® and intermediate consumption of products of the power sector

B This 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 = CONSpnpst (71)

Fpspe = CONSuppsri (72)

GOpsrt = LpspiFpre + LpspsiFpsri (73)
GOpst = GOpsriPeLECH (74)
COSTpst = ITAXpst + 1Cppst + ICpspst (75)
GOSpst = GOpgy — COSTpg; (76)

The power sector generates electricity from both fossil fuel (EFprpcrr) and non-fossil fuel
(Eprpcnrr) sources. The ratio between non-fossil fuel electricity and total electricity (Bypr) 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 (ITAXpsnrr), a share
of the non-fossil fuel based intermediate consumption, with the share assumed to be proportional
to the amount of non-fossil fuel energy in the energy mix (Sypr) and the total depreciation of
non-fossil fuel capital (xpsKpsnrr) (Eq. 78). The total operating cost for fossil fuel energy pro-
duction (COSTpsrr) is defined similarly except all intermediate consumption for fuel production
(ICruELPs) is attributed to fossil fuel generation costs (Eq. (79)). The average costs of non-fossil
(ACNFr) and fossil (ACEr) 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 (GOpgr)
(Egs. (80) & (81)).

ErrLEcNFFt

BNFFL = (77)

Eerect
COSTpsnrrt = ITAXpsnrrt + (ICpspst + ICoppst) BNFFi—1 + Ok Pst K pSNFFi—1 (78)

COSTpsrrt = ITAXpsrri+I1CrupLpst+(ICpspst+1Coppst)(1—Bnrri—1)+ 0k st Kpsrre—1

(79)
COSTpsNFFt
AC = — 80
NEEL ™ GOpsriBNFF: (80)
coST
ACpps = PSFFt (81)

GOpsri(1 — BNFFL)

Although average costs are tracked in the model, electricity prices are set on the basis of
marginal costs, where the electricity price is driven by the cost of producing an additional unit
of electricity. This better replicates how electricity is priced in reality within the UK (Stirati and
Paternesi Meloni, 2021) and has a significant impact on the behaviour of the model. Therefore, the
marginal cost of fossil fuel electricity production (M Crr) is defined based on the variable costs of
fossil fuel production: the cost of fuel input ICryErps and the cost of emissions due to emission
pricing COVgrspsPers EMISEr o divided by the total fossil fuel electricity use Eprporr, where
COVErsps is the coverage of the carbon price over the sectoral fossil fuel output'® and Pgrg is

9This is generally less than one due to exemptions and free carbon credits provided to firms.
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the carbon price (Eq. (82)).2° 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).2!

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 (Prrec) is then set based on
a fixed mark-up over the marginal cost of electricity production (Eq. (84)).%2

ICrypLpst + COVerspsiPerst EMISELEC:

MCrpp; = z (82)
ELECFFt

MCgrrLEct = MCppi(1 — BN ppe)MOPLEC (83)

Perect = (1 4+ MUgLec)MCELEC: (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 (Egrpcrr & Frrponrpr) by their respective maximum output levels,
calculated by multiplying their capacity factors (C'F') by real capital levels (Kpsrrr & Kpsnrrrt)
(Egs. (85) & (86)). Note that for non-fossil utilisation the denominator now includes government
non-fossil capital (Kgyryrrr:) alongside power sector non-fossil capital. Overall power sector util-
isation is derived as current electricity demand Frrgc divided by maximum electricity generation
Eprecmax (Eq. (87)).

EerLEcFFt
CFrrKpsrrre

UFFt = (85)

EerLecNFFt
CFNrrt(Kpsnrrrt + KavrNFFRE)

UNFFt = (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.

'However, as already discussed, capital intensity and capital costs for non-fossil fuel generation are higher than
for fossil fuels; this has practical implications which will be explored in the scenarios and results discussion.

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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_ 87
Egrecmaxt (87)

upst =

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(ups: r)) 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 ¢ to give a weighted forward-looking utilisation rate
(F(ups)) shown in Eq. (89). For this equation N = ZZ:O 07 such that the weighting is normalised
around the current utilisation rate and 0 < § < 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.

Eerect

=upsy fB<L+t
CFrrKpsrrrt + CENFRiKPSNFFRE !

E(upsir) = Eerect (88)
>u fB>L+t
CENFriKPSNFFRe Pt
L I
F(upst) = CRED - > 6"E(upstis) + (1 — CRED) - upg (89)
7=0

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 (IBATY) and interest bearing liabilities (IBL"S) (Eqs.(90)&(91)). Disposable income of
the power sector (Y Dpg) 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 Rpg) 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 (RPpgs), to be used for investment, as
their disposable income after accounting for dividend transactions (Eq. (95)).
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INTRps: =ripapstIBApsi—1 (90)

INTPps; = riprpsil BLpsi—1 (91)

Y Dpgi = GOSpsi + INTRps; — INT Ppg; (92)

DIV Rps; = ﬁdpsEEQﬂ DIV PyyMFI (93)
QLNMFIt

DIV Ppsy = aprvppsGOpst (94)

RPPSt = YDpSt + DIVRpSt — DIVPpSt (95)

The desired investment in power sector capital (GC'Fpgp) 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 ur, 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(upg) 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 (GCFpsrrp) and non-fossil fuel (GCFpsnrrp) based on
the desired proportion of non-fossil investment (propyrr) (Egs. (97) & (98)). The desired propor-
tion of non-fossil investment is driven primarily by the difference between profit rates of non-fossil
(renrr) and fossil (rxpr) based capital (Eq. (99)).

GCF GCF _
Kpgt_l KPSt—2
GCFpsprpt = (1 — propnrri) GCFpspy (97)
GCFpsnrrpt = propnrriGCFpspy (98)
1
PrOPNFFt = (99)

(1 + e—(OfObNFF-i-aleFF(TKNFFtA—TKFthl)))

Actual fossil fuel (GCFpgrr) and non-fossil fuel (GCFpgypr) 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 (CRpg) (Egs. (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 (GCFpg) (Eq. (102)). Real gross capital formation levels are
defined by dividing the nominal gross capital formation by the production price deflator (Pp)
(Egs. (103), (104) & (105)). The net-lending position of the power sector (LEN Dpg) is then
defined as the retained profits of the sector minus actual sectoral investment (Eq. (106)).

GCFpsrri = (1 — CRps:)GCFpsrrpy (100)
GCFpsnrrt = (1 = CRpst) - GCFpsNFFDt (101)
GCFpsi = GCFpsnrr: + GCFpsrry (102)

23



GCFpsrt = GCFpsrrrt + GCFpsNFFrRe (103)
GCFpsrry

GCFpsrrrt = Iz (104)
Pt
GCF
GCFpsNFFRt = 7;;8]\“?” (105)
Pt
LENDpg; = RPpg; — GCFps; (106)

Interest bearing (IBAT Rpg) and equity asset (FQAT Rpg) transfers are assumed to equal a
fixed proportion of the gross output (GOpg) of the power sector (Egs. (107) & (108)). Equity
liability transfers (EQLT Rpg) 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 (IBLT Rpg) 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 (REST Rpg) grows exogenously as a fixed proportion of GDP (Eq.

(111)).

IBATRps; = arpapsGOpst (107)

EQATRps; = apgapsGOps; (108)

EQLTRps; = 0psp EQAT RN MF1t (109)

IBLTRps; = (IBATRps; + EQAT Rps; + RESTRps;) — (LENDps; + EQLTRpss)  (110)
RESTRps; = npspGDPr_1 (111)

Other transfers, which include price revaluations and other changes in asset value, are driven in
a variety of ways within the model (Egs. (112) - (115)). Other transfers relating to interest-bearing
assets (OT1paps) 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 (OTggaps) are given as a portion of the other transfers
of NMFT equity liabilities (OTrganmrr) (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 (OTrprpg) 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 (DEFpg) is then proportional to the illiquidity
ratio (ILLIQpgs) where higher illiquidity of the power sector leads to higher defaults (Eq. (117)).

OTipapst = 01paps(IBApsi—1) (112)
EQApg;_
OTEeqgapst = 5dpsmciv:f;[tl_lOTEQLNMF1t (113)
DIV P,
OTEeqQLpst = Pat — EQLpsi—1 (114)

rieLavTt + BEQLPS
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OTrespst = Oresps(RESpsi—1) (115)
OTiprpst = —DEFps; - (IBLpst—1) (116)

defmax
1+ defopsedefl*defQILLIQPSt71

DEFpg; = (117)

The financial stocks of the power sector develop according to their respective financial transfers
and other transfers (Egs. (118) - (121)). Total financial assets and liabilities are defined in Egs.
(122) & (123). Financial assets minus liabilities give the power sector model determined financial
net worth (FNWpgar) (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 FNWpg (Eq. (126)).

IBApsi = IBApsi—1 +IBATRps; + OT1papst
IBLps; = IBLpsi—1 + IBLTRps: + OTrBrpst
EQApsi = EQApsi—1 + EQATRps; + OTeqgapst

EQLpsi = EQLpsi—1 + EQLTRps; + OTrqLpst 121

(118)

(119)

(120)

(121)

FAps; = IBAps; + EQAps; (122)
(123)

(124)

(125)

)

119
120

FLpst =IBLps; + EQLpsy 123
FNWpsyt = FApst — FLpst 124

RESps; = RESpsi—1 + RESTRpgt + OTRrEspst 125
FNWpsy = FNWpsy: + RESps; (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 (Kpsprr) and non-fossil fuel
(Kpsnrrr) are increased through real gross capital formation, while a portion of the previous
period’s real capital stock is lost to depreciation (Egs. (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 (Egs.
(131) - (133)). Power sector net worth is defined as the sum of net financial and real assets (Eq.
(134)).

Kpsrrre = (1 — 0xpst) Kpsrrri—1 + GOFpsprpe (127)
Kpsnrrre = (1 — 6k pst) Kpsnrrri-1 + GOFpsNFFR: (128)
Kpsrt = Kpsrrrt + Kpsnrrr (129)

dxpst = 0Kk psi—1 (130)

Kpsi = Kpsnrr: + Kpsrre (131)

Kpsrrt = KpsrrriPpt (132)

Kpsnrrt = KpsnrrriPpi (133)
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NWpst = FNWps: + Kpsy (134)

The leverage ratio of the power sector (LEVpg) is defined as the ratio between the interest-
bearing liabilities of the sector and the total capital stock of the sector (Eq. (135)). The illiquidity
ratio of the power sector (ILLIQpg) 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 (SUBSpg) on the inflows side, reflecting that subsidies improve the liquidity
position of the sector. The debt-service ratio of the power sector (DS Rpg) 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 (CRpg), 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.

IBL
LEVpg, = TI;& (135)
t

INTPps; + ITAXpst + DIV Ppsy + GCFpsi + 0xpsiKpst
ILLIQpst =

+ IBATRpst + EQATRpst + ICppst + ICpspst
(GOpst + INTRpst + DIVRps: + EQLTRpsy + IBLTRpst + SUBSpst) (136)

Y Dpsi — 0xpsitKpsi—1 + INT Ppg;
INTPps;
1

1 + e~ (@crpstarcrpsCRpsi—1—c2crPsDSRpst—1+ascrps(FLyrpre—1/FAprri-1))

DSRps; =

(137)

CRpg: = (138)

3.8.8. Input-output calculations

This section will describe the simple two sector input output system present within the model.??
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 (Eqgs. (139)-(144)). In particular, the technical coefficient governing
electricity use by production (apsp) decreases through lower energy intensity (e;) and increases
through greater electrification of production (6p) (Eq. (140)). The technical coefficient for fuel
input into electricity production (aryprps) 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 aryrrps refers to the technical coefficient for the power sector purchasing fuel
products.
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139
140

Qppt = OPPLR
apspt = €0py

(139)
(140)
QpSPst = APSPSLR (141)
(142)
(143)

QOopPPSt = COPPSLR 142
arvpLpst = (1 — BNFFt—1)FUELPSR 143
PruEerL:
APPSt = CFUELPSt + aoppst (144)
Pt

These technical coefficients are then used to calculate the intermediate consumption levels of
the sectors; inter-sectoral intermediate consumption is calculated in real terms and then converted
to nominal intermediate consumption through the respective product price (Egs. (145)-(153)).

ICpsprt = apspiGOPpR: (145)
ICruELPSRt = aruELPStGOPSRY (146)
ICoppsrt = aoprpsitGOpsRy (147)
ICpp; = appiGOpy (148)
ICpspt = ICpspriPELECH (149)
ICpspst = apspstGOpst (150)
ICppst = ICFuELPst + ICoppst (151)
ICruELPst = ICFUELPSRIPFUELL (152)
ICoppst = ICoppsriPpt (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 below?* (Egs: (154)-(158)).

detrar = ((1 — appi)(1 — apspsi)) — ((appsi)(apspe)) (154)
Lppy = m (155)

Lppst = 3;;?: (156)

Lpspt = ZQZZ (157)

Lpspst = (1;621%) (158)

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

24These equations describe a simple 2x2 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 Pypc) is the sum of the gross operating
surplus of the production module (GOSp), interest received (INTRypc) minus interest paid
(INTPyFc) (Eq.(159)). The equations for interest payments are based on respective rates of return
on interest-bearing assets (I BAxpc) and interest-bearing liabilities (IBLyrc) (Egs.(160)&(161)).
NFC disposable income (Y Dypc) is then given as primary income minus income tax (Eq.(162)).

Y Pnrot = GOSpy + INTRNpcet — INT Pypey (159)
INTRNFcot = 11BANFCtI BANFO1—1 (160)
INTPNpot = r1BLNFOtI BLNFCt—1 (161)
YDnrcot =Y Pnror — INTAXNFct (162)

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

BantcEQANFCt

DIVRNFpcy = FOLnurn DIV PnuyFre (163)
DIV Pypct = aprvenrceY DNrct (164)
RPNnrct =Y Dnrcor + DIVRNEc: — DIV Pyrcy (165)

NFC gross capital formation demand (GCFnpcop) 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 (uz).2> 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 (GCFypc) 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 (CRyrc) (Eq. (167)).

251t 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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GCFNFebt
Knrcot—1

GCFNFCDi—1

166
Knrcoi—2 (166)

= apgerNFC + cigorNFe(Us — ur) + QeGeFNFC

GCFnyrct = (1 — CRNpct)GCFNEcDt (167)

The NFC gross capital formation is divided between green and conventional capital, with 3, s,
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 (Egs. (169) & (170).

P COSTER:—
Bufet = Qbetan FC + Qperan e Tanh(=—20—) + agperan o —— a0t (168)
Perect E; 4
GCFnrcoat = BnfatGCFNFCt (169)
GCFnrcct = GCFnpcet — GCFnFcat (170)

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

GCFnrcrt = GCFNregrt + GCEFNFccRe (171)
F
GCFNroGRt = GCTvroar PNFCGt (172)
Pt
GCF
GCFnrccrt = %Cw (173)
Pt

Non-financial corporation model determined net lending (LENDypcp) 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)).

LENDNFrcymt = RPyret — GCFNECt (174)
DISCnrct = aNrerGDPi—q (175)
LENDnNpct = LENDNpoyt + DISCyrcyt (176)

Interest bearing (I BAT Ry rc) and equity asset (FQAT Ry ) transfers are assumed to equal a
fixed proportion of the gross output (GOp) of the production module (Eqgs. (177) & (178)). Equity
liability transfers (EQLTRypc) 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 (IBLT Rypc) 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 (REST Ry F¢) grows exogenously as a fixed proportion of
GDP (Eq. (181)).

IBATRNFct = arpanreGOpy (177)

EQATRNpct = apganrcGOpy (178)

EQLTRNFpcy = (1 — stb)(EQATRNMF[t) (179)

IBLTRNFpct = (IBATRNrpot + EQATRypot + RESTRNpet) — (LENDNpot + EQLTRypet)
(180)

RESTRNrct = nnreBGDP;_q (181)

Other transfers, which include price revaluations and other changes in asset value, are driven
in a variety of ways within the model (Eqgs. (182) - (187)), similar to the power sector. Other
transfers relating to interest-bearing assets (OTrpanrc) 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 (OT EQANFC)
are given as a portion of the other transfers of NMFI equity liabilities (OTrganmrr) (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 (OTrprNFc) 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)).

OTipanrct = 0rpanrc(IBANFCi-1) (182)
OTgganrct = OTgornmrre — (OTeQanm: + OTEQapst) (183)
DIV P,
OTrQLNFCt = NEC — EQLNFci—1 (184)
riBLGvTt + BEQLNFC
OTreiNnrct = —DEFnFpct - IBLNFCOt—1 (185)
d
DEFypc; = €/ mas (186)

1 + de fonpoede1—def2l LLIQNFCi—1

OTresnrct = OrEsNFC(RESNFCt—1) (187)

The financial stocks of the NFC sector develop according to their respective financial transfers
and other transfers (Egs. (188) - (191)). Total financial assets and liabilities are defined in Egs.
(192) & (193). Financial assets minus liabilities give the NFC sector model determined financial
net worth (FNWxgen) (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 FNWype (Eq. (196)).
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IBANFpct = IBANFpci—1 + IBATRNypct + OTrBANFCt
EQANrct = EQANFcoi—1 + EQATRNpcot + OTEQaNFCt

(188)
(189)
IBLNrct = IBLNFpci—1 + IBLTRyFpc: + OT1BLNFCt (190)
EQLNrot = EQLNFct—1 + EQLTRypet + OTeEQLNFCH (191)
FANrot = IBANFor + EQANFCt (192)

FLnypot = IBLypct + EQLNFot (193)
FNWNrome = FANnFct — FLyFot (194)

RESNFct = RESNFot-1 + RESTRNFpct + OTRESNFCt (195)
FNWyNrct = FNWyrom: + RESNFcy (196)

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

Knrocre = (1 = 0xpt) KNFocri—1 + GOFNFCCOR (197)
Knrogre = (1 = 0xpt) KNrocri—1 + GOFNFoGRe (198)
Knrcre = Knrocre + KNFOGR (199)

Knret = Knroct + KnFoct (200)

Knreot = KnrooriPry (201)

Knroat = KNFoariPpt (202)

NWnrct = FNWNrot + Knret (203)

The leverage ratio of the NFC sector (LEVypc) 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 (DSRypc) is defined in the same
way as the power sector as the ratio of disposable income less depreciation of capital and before
interest payments to total interest payments (Eq. (206)). The level of credit rationing (CRypc),
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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IBL
LEVypey = ——NECt (204)

Knrcot

=+ IBATRNFCt + EQATRNFCt
(GOSPt + INTRnpor + DIVRNEo: + EQLTRNFCt + IBLTRNFCt) (205)

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

YDnrct — 0k ptEKNFct—1 + INTPypct

DSR = 206
e Pl (200)
CR = !
NECE= 1 + e—(@crnrFetaicrNFocCRNFot-1—02cRNFCDSRNFot—1+asorNFe(FLypre—1/FAMFI-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 Eqgs. (138)
& (207). Therefore, banks are not simply intermediaries of loanable funds, consistent with the
arguments of Jakab and Kumhof (2018), and the MFT sector creates money endogenously when
it provides loans to the rest of the institutional sectors, consistent with post-Keynesian theory
(Lavoie, 2014).

For MF1Is, the model net lending position (LEN Dysprar) is the net of interest received by MFIs
(INTRpsrr) and interest paid by MFIs (INT Pyrr) (Eq.(208)). MFT interest received and paid is
the sum of respective rates of returns and stock levels (Egs.(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)).

LENDyriyve = INTRypre — INT Py (208)
INTRyprs = INTPypor + INTPpgy + INT Pyayrne + INT Poyvry + INT Py (209)
INTPypr =INTRyNpot + INTRps + INTRyypne + INTRayr: + INTRgge + INT Niow

(210)
DISCypre = —(DISCnpey + DISCnyrre + DISCayre + DISCrpe + DISCrowe)  (211)
LENDpre = LENDyErve + DISCrrr (212)

The total MFI financial assets (F Aprpr) 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 (Egs. (213) & (214)). Financial assets minus liabilities give the MFI sector
model determined financial net worth (FNWyrrrar) (Eq. (215)). The residual financial instrument
is given as less the sum of all the other residual financial instruments in the model?® (Eq. (216))

2680 the MFTI sector is the counterpart to all residual financial instruments by assumption.
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and is then added to the model determined financial net worth to give the overall MFI financial
net-worth FNWypr (Eq. (217)).

FAyrre = IBLnpcet + IBLpsi + IBLyyvrre + IBLayryvrerne + IBLgpe + IBLow:  (213)

FLyrr = IBANFot + IBApst + IBANyvE + IBAgvre + IBAga: + IBARgowt
FNWypive = FAympre — FLyrr
RESyrn = —(RESynt + RESNpct + RESNyvF + RESps: + RESavr + RESRowt)
FNWypre = FNWypivme + RESyFr

(214)
(215)
(216)
(217)
3.4.8. 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 NMFTI 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.

NMFTs disposable income (Y Dyppr) 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
(Egs. (219) & (220)). NMFT 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
(OéD[vaMF[) is between 0 and 1 (Eq. (222)).27

YDnyrre = UNTRynyrr + DIVRNvrre) — INTPyyrre + DIV Pyarre) (218)
INTRNymEr = 11BANMFII BANMFR—1 + T1BLGvTt I BLGVTNMFIt—1 (219)
INTPNyMF: = riBLNMFEIHIBL N MFI—1 (220)

DIVRynyER = DIV Pnpor + DIV Ppgy (221)

DIV Pyyvrr = aprvenmrer(DIVRN e + INTRyyvrre — INT Py arrre) (222)

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

2"This 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 (Egs. (223) & (224)).2® 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 NMFT sector (SOCCnarr) are then equal to the investment income from pensions plus a
proportion of household wage income (Eq. (225)). Social benefits paid by NMFIs (SOCBnFr)
are predominantly pension-related transfers and are therefore modelled as proportional to the
overall value of pension schemes (Eq. (226)). The pension adjustment (PENS4py) is defined as
the net social contribution minus social benefit of the NMFI sector (Eq. (227)).2°

PENS;_1
PENSR; = YD _1- 223
v = apeNsRY DNMFI—1 - prare e (223)

INS;_4

INSR; = YD _1- 224
v = aNsRY DNMFR-1* e — e — (224)
SOCCNymrE: = PENSR: + asocew Wi (225)
SOCBNyFrt = asocBPENSPEN Sy 1 (226)
PENSapj: = SOCCNyMEre — SOCBNMFTE (227)

NMFT model determined net lending (LENDyasrrar) 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)).

LENDNyrEive =Y Dynyrrne —INSR; — PENSR; + SOCCNyEre — SOCByyE: — PENSAD gt

(228)
DISCnyrre = aNmrirGDPy (229)
LENDNyEre = LENDNnypive + DISCyyvpr (230)

Interest bearing asset transfers (IBATRyarr) are set exogenously as equal to a fixed pro-
portion of gross output (GO) (Eq. (231)). Equity liability transfers (EQLT Ryarrr) 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 (EQAT Ryrr)
are then equal to a fixed proportion of the equity liability transfers (Eq. (233)). Interest-bearing
liability transfers (IBLT Rnprr) 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 (RESTRN 1) grows exogenously as a fixed proportion of GDP (Eq. (235)).

281t 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 NMFTs; however it will be used to define the pension transfers
of the household sector.
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IBATRNMFr = arBanmr1GO; (231)
EQLTRNyr: = FQATRNpc: + EQATRps; + EQAT Ry + EQNTRRrow: (232)
EQATRNyvrre = YEQNMFPIEQLT RN v FIe (233)

IBLTRNmrre = IBATRnyrpr + EQAT RNy + IBLTRagyrnyvrene + RESTRNvFr)
— (LENDNMF” + BEQLTRNyp: + PENSTR, + INSTRt) (234)

RESTRNyvFEr: = MNMFIBGD Py (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 (Eqgs. (236) - (238)). Other transfers related to equity assets (OTgganmrr) 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 (OTpgns)
and insurance schemes (OT7yg) are based on the other transfers of other net-assets of the NMFT
sector, reflecting that the revaluations of these assets are based primarily on the net financial
changes within the NMFI sector (Eqgs. (241) & (242)).

OTrpanmrrt = S1BANMFIIBANMFI—1 (236)
OTrerNnmErt = 0rBLNMFIIBLNMEI—1 (237)
OTresNMFIt = ORESNMFIRESNMFI-1 (238)
OTeganmrr = OTggornrct + OTEQrpst (239)
DIV Pxyrr
OTrQLNMFIE = L —EQLNMFI—1 (240)
rIBLGVTt + BEQLNMFI
OTpenst = (OTipanmrre + Brravrnvrr OTisravre + OTEQan M
PENS;_1
- 0T - 0T . 241
ITBLNMFIt EQLNMFIt) PENS, .+ INS_ (241)
OTinst = (OTipanmrre + Bieravrnvrer OTisravre + OTEQaNMFIe
INS,;_
— OTrgNnmrre — OTEQLNMFIE) - - (242)

PENSi—1 4+ INSi1

The financial stocks of the NMFT 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 NMFT sector model determined financial
net worth (FNWnyrrav) (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 NMFT financial net-worth FNWyrr (Eq. (251)).

IBANMFr: = IBANMFI—1 + IBATRN v+ OTigANMF I (243)
EQANMmrFI: = EQANMEI—1 + EQATRNMEn + OTEQANMFI (244)
IBLyyvrpre = IBLyypri—1 + IBLTRyyvere + OTiBLNMEIE (245)
EQLNyrr = EQAnmt + EQANFct + EQApst + EQNRgowt (246)
FANymrne = IBANyre + IBLoyrnyrne + EQANMFL (247)
FLnmrpre = IBLnymrn + EQLNyvE + PENS; + INS; (248)
(249)

(250)

(251)

FNWNyrive = FANvrene — FLNMEL
RESNurFrn = RESNymFri—1 + RESTRyyvrEre + OTRESNMEFIE
FNWnmrere = FNWNyvreive + RESNvFT

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 Dgyr) 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 (GVTrLgcs),
multiplied by the gross operating surplus of the power sector (GOSpg). The total indirect tax
receipts (ITAX) are equal to the indirect taxes on production (ITAXp) and indirect taxes on
the power sector (IT'AXpg). 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 (ITAXp) (Eq. (254)). Direct energy consumption taxes are equal to the coverage
of the carbon pricing scheme (COVgrsp))® multiplied by the emission trading scheme (ETS)
carbon price (Pgrg) all multiplied by the total direct emissions in the economy3! multiplied by
the emission trading scheme (ETS) carbon price (Pgrg) 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 (74.:)%? (Eq. (256).

YDevre = (ITAX;+INTAX,+ SOCCqvri+ INTRgytt) — (SOCBgyr + INT Povre) (252)

30This is assumed to be constant in the baseline scenario

31Tt 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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ITAX, = ITAXp, + ITAXpg (253)

ITAXp; = ITAXRp,GOp; + ITAX (254)

ITAX py = COVirspPrrsi EMISp, (255)

ITAXRp; = ITAXRpy_1 — Tgu(ITAXRpy_1 — ITAXRprR) (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 (ITAX Rp) is assumed to tend to
a set long run value based on the adjustment speed (7g,) (Eq. (258)). The baseline carbon price
of the emission trading scheme (Pgrg) 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.?3

ITAXpgy = ITAXRpsiGOpsi + COVerspsiPerst EMISELECH (257)
ITAX Rpsy = ITAX Rpss—1 — Tot(ITAX Rpsy—1 — ITAX Rpsir) (258)
Prrst = PETsrBt (259)

Income tax receipts (INTAX) are defined as the sum of income tax from non-financial corpo-
rations (INTAXnrc) and households (INTAXrpr). Both income taxes are modelled as a fixed
proportion of the wage bill (Egs. (261) & (262)). The respective income tax rates are assumed to
tend to set long-run values based on the adjustment speed (74,¢) (Eqgs. (263) & (264)).

INTAX; = INTAXypcr + INTAX g (260)

INTAXNpct = INTAX RypodWe (261)

INTAX iy = INTAX Ry Wy (262)

INTAX Rypci = INTAXRypor—1 — Tgu(INTAX Ryper1 — INTAX Ryperr)  (263)
INTAX Rypyy = INTAX Rpgpo—1 — Toot(INTAX Rypry 1 — INTAX Rippir) (264)

The equations for government interest payments are based on respective rates of return on
interest-bearing assets (IBAgyr) and interest bearing liabilities (IBLgyr) (Egs.(265)&(266)).
Social contributions that households pay to the government (SOCCgyr) 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 (74,:) (Eq. (268)). Social bene-
fits paid by the government (SOCBgyr), as a share of GDP, are driven by an econometrically
calibrated equation, partly driven by a constant exogenous factor (apsocp) and also by the rate
of unemployment (ru) where higher unemployment rates lead to higher levels of unemployment
benefit payments and thus higher government social benefit payments (Eq. (269)).

INTRgvT: = ripagvril BAgvTi—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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INTPgyvr: = ripravril BLgyri—1 (266)

SOCCavri = SOCCRayiW,s (267)

SOCCRgvr: = SOCCRgvTi—1 — Tgut(SOCCRGyTi—1 — SOCCRGVTLR) (268)
SOCBgvre SOCBgvTi—1

—GDp, | (0socB + a1s0CB GDP,_ . + aasocBTUL (269)

Consumption of the government sector (CONSgyr) is the sum of public wages (Wpyp)3*
and other government consumption (OCONSgyr) (Eq. (270)). Other government consumption
(OCON Sgyr) is assumed to follow an exogenous path based on nominal GDP (Eq. (271)). Gov-
ernment gross capital formation (GCFgyr) 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 B4,; 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 B4 is set equal to B,f. (Eq. (273)). This ratio then defines the
level of green and conventional capital investment (Eqs. (274) & (275)). Government non-fossil
power capital (Kgyrnrr) 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 (GCFgyrnrrre) less depreciation (Eq. (276)).

CONSgyvre = Wpypt + OCON Sgvry (270)

OCON Sgvrt = aoconsavrGD Py (271)

GCFevrt = GCFgyTBASE (272)

Bouvtt = Bnfet (273)

GCFgvra: = BeuitGCFayTe (274)

GCFavret = GCFavr — GOFgvrat (275)
Kevrnrrre = (1 = dkpst) KavrNrrri—1 + GCFGyTNFRRE (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) (Eqgs. (277) - (280)).

N
CONSGavrR: = CONSgvre (277)
Ppy
GCFgyvrre = GCFgyvrare + GCFavrore (278)
GCF,
GCFgvrar: = # (279)
Pt
GCF,
GCFgvrcre = # (280)
Pt

The government model determined net lending (LEN Dgyrar) is defined as their disposable
income less consumption, gross capital formation, and any subsidy spending (SUBSgvT:) (Eq.

341n 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)).

LENDgyvrm: =Y Davre — (CON Syt + GCFayry + SUBSGyTt) (281)
DISCavre = navrrGD Py (282)
LENDgyry = LENDavran + DISCavry (283)

Interest bearing asset transfers (IBAT Rgyr) are assumed to equal a fixed proportion of the
gross output (GO) (Eq. (284)). Interest bearing liability transfers (IBLT Rgyr) 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 (REST Rgyr) grows exogenously as a fixed proportion of GDP (Eq. (289)).

IBATRgvr: = arpacvrGOy (284)

IBLTRgyri = IBAT Ry + REST Ryt — LEN Dayry (285)
IBLTRgvrmrre = Bieravrymril BLT Rayry (286)
IBLTRgvrnmrr = Bisrevrnmril BLT Rayry (287)
IBLTRgvrrowt = BiBLavrrow IBLT Rgyy (288)
RESTRgvrt = navrBGD Py 1 (289)

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

OTipacvr: = 0rpacvr(IBAGgyTi—1) (290)
OTipravrt = d1pravr(IBLayri—1) (291)
OTresavrt = OrEsavr(REScvTi—1) (292)

The financial stocks of the government sector develop according to their respective financial
transfers and other transfers (Eqgs. (293) - (297)). Total financial assets and liabilities are defined in
Egs. (298) & (299). Financial assets minus liabilities give the government sector model determined
financial net worth (FNWgyrar) (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 FNWgyr (Eq. (302)).

IBAgyT: = IBAgyTi—1 + IBATRgyvre + OTrBAGVTE (293)
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294
295
296

IBLgvrrowt = IBLgvTRrRowt—1 + IBLT Rovrrowt + BiBLavTrRow OTl1BLGVTY 297

IBLgvrt = IBLavrmrre + IBLayryyrn + IBLavrrowt (294)
(295)
(296)
(297)
FAavr: = IBAgvT: (298)
(299)
(300)
(301)
(302)

IBLgyvrmrn = IBLgyvrmFri—1 + IBLT Rayrymrrne + BreravrmriOTiBLavTe

IBLcvrnymrne = IBLagyvrnyvrEri—1 + IBLT Rgyrnvrn + BisravrnmriOTiBLav e

FLayrt = IBLgyTt 299

FNWevrme = FAgvr: — FLgyrt 300

RESqyTt = RESgvri-1 + RESTRavrt + OTrRESGVT! 301
FNWayr: = FNWavrme + RESavrt 302

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

Kaovrere = (1 = dxpt)Kavreri—1 + GCFgvrory (303)
Kovrere = (1 = dxpt)Kevrari—1 + GCFgvrary (304)
Kevrre = Kevrert + Kevrere (305)

Kevri = Kavror + Kavrat (306)

Keavrer = KavrertPpt (307)

Kevret = KevrariPrt (308)

NWevre = FNWayr: + Koyt (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 Pgp) is the sum of wage income (W), in-
terest payments received (INTRpp), dividends (DIV Ryp) less interest payments (INT Prpr)
(Eq. (310)). The equations for interest payments are based on respective rates of return on
interest-bearing assets (/ BAp ) and interest-bearing liabilities (IBLpp) (Eqgs.(311)&(312)). The
dividends received by households (DIV Ryp) are a proportion of the dividends paid by NMFIs
multiplied by the share of HH equity assets (Eq. (313)).
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YPyui =W+ (UINTRypi + DIVRym) — (INT Py ) (310)

INTRym: = ripanat] BAgmi—1 (311)
INTPyp: = ripraatI BLE -1 (312)
EQA
DIV Regare = Bany 28 b1y py e, (313)
EQLNyFr

The disposable income of the household sector (Y Dy pr) is taken as households’ primary income
including net social contributions/benefits and minus income tax payments (INTAXpg) (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 (Egs. (315) & (316)).

YDyt =Y Py + (SOCBt) — (SOCCt + INTAXHHt) (314)
SOCCy = SOCCnyEr + SOCCayry (315)
SOCB; = SOCBNyFR + SOCBgy: (316)

Household consumption (CONSgp) is given as the sum of household consumption from pro-
duction (CONSgpp) and from the power sector (CONSpmps) (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 Dpp) and consumption and also between the financial
wealth of the household (FApp) 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 (CON Sy ps) is equal to the real consump-
tion (CON Sympsr) multiplied by the price of electricity (Prrpc) (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 (SAVy ) for investment purposes is equal to their disposable income
less consumption spending (Eq. (322)).

CONSga: = CONSHupt + CONSyups: (317)

AL(CONSguupt) = ecunp(aocuup + arcuapL(Y Dypi—1)

+ ascrapPL(FApmi—1) — L(CONSHEpPi-1)) (318)
CONSyupr: = CONSrap: (319)

Ppy
CONSuupst = CONSunpsrtPELECT (320)
CONSuynpsr: = EpLecht (321)
SAVim: = Y Dgpi — CONSpmy (322)
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Households make investments, predominantly related to housing. This gross capital formation
is divided into two main categories: house building®® and home improvements. Total household
gross capital formation (GCFyp) is given as the sum of gross capital formation of new build
houses (GCFypnp) and home improvements (GC Fr ). Household investment in housebuilding
(GCFypnp) 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.?® The gross capital formation
of households on home improvements (GCFrppr) follows the overall growth of GDP (Eq. (325)).

GCFuut = GCFyganBt + GCFununist (323)

AL(GCFuunBt) = cacrng(— aoaern + craornpL(HV AL_)
— L(GCFuunBi-1)) — 01ccrNBA(L(GCFraNBi-1)) (324)
GCFunnn = oagaurGDP;_4 (325)

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

GCF
GCFuup =5 (326)
Pt
GCF
GCFyuNBRt = # (327)
Pt
GCF
GCFuuHIRt = # (328)
Pt

The real investment in home improvements is then divided between regular home improvements
(GCFyrarng) and energy-based home improvements ((GCFyprrenr) in Egs.(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 (Pp) and electricity (Prrpc) prices.
Energy-based home improvements are then divided further between efficiency improvements and
electrification. Efficiency improvements are investments used to turn an energy inefficient house
into an efficient one by measures such as wall insulation and window glazing, whereas electrification
energy improvements turn efficient houses fully electric by installing electrical heating devices such
as heat-pumps. The split between these two types of energy efficiency home improvements is given
by Egs. (332) & (333) with the difference being partly driven by the ratio between inefficient homes
(Hr) and efficient non-electric homes (Hgy ) such that as the number of inefficient homes decreases,
there is a shift towards greater electrification as the next step in improving energy efficiency.

35Tt 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.

42



GCFunniert = BacruutGCFuunire (329)

GCFrupuinrt = GCFarrarre — GCFHHHIER: (330)

Bacruut = Qopetai H + TREN Dyetarrt + cvetai i (Ppri—1 — PELECE-1) (331)
KhieH i1

GCF =GCF 332

HHHIEN Rt HHHIERG e (332)

GCFunuieert = GCFuaarert — GCFHHHIEN Rt (333)

Households model determined net lending (LEN Dgpas) is defined as their total savings, less
gross capital formation spending plus pension and insurance related flows®” (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)).

LENDggme = SAVye: — GCFyg + INSR; + PENSR; + PENSApJt (334)
DISCxmi = nnrGDPy s (335)
LENDygy: = LENDgpye + DISCrye (336)

For household financial stock transfers, it is assumed that interest bearing asset transfers of
households (IBAT Ry ) are derived residually (Eq. (337)). Equity asset transfers (EQATRpy)
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 (INST Ry ) are equal to the return on insurance funds less
net payouts on insurance schemes (Eq. (340)). Interest bearing liability transfers (IBLT Rym),
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 (REST Ry ) grows exogenously as a fixed proportion of GDP (Eq. (342)).

IBATRyw; = LENDypy+ IBLT Ry — (EQAT Ry + REST Ry + PENSTR, + INSTR,

(3373

EQATRyuy: = —apQannEQAnmi—1 (338)
PENSTR, = PENSupy; (339)
INSTR, = INSR; — a;nsrrINS,_, (340)
IBLT Ryrpre = arprrrHV AL (341)
RESTRyu: = napGDPiy (342)

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

37TRecall these flows are an accounting convention and are not accessible income for households.
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OTipapnt = Sipann(IBAnmi-1) (343)
OTgganb: = 0pQAaH(EQAHH—1) (344)
OTiprupt = drprun(IBLymi—1) (345)
OTresant = OresHH(RESHH-1) (346)

The financial stocks of the household sector develop according to their respective financial
transfers and other transfers (Egs. (347) - (351)). Total financial assets and liabilities are defined
in Egs. (352) & (353). Financial assets minus liabilities give the household sector model determined
financial net worth (FNWggar) (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 FNWg g (Eq. (356)).

IBAypg: = IBAgyi—1 + IBAT Ry + OTrBan (
EQApm: = EQAgni—1 + EQATRypt + OTpganmt (
PENS;, = PENS; 1+ PENSTR; + OTpgnst (349
INS; =INS;_1+INSTR; + OTinst (350
IBLyg; = IBLygi—1+1IBLT Ry + OTiBLHH: (351
(
(
(
(

347)

)

)

)

)

FApm: = IBAgm + EQAyp + PENS, + INS, 352)
)

)

)

)

348

FLygi =I1BLygg: 353

FNWyuamt = FAgae — FLum 354

RESHm = RESgpi—1+ RESTRpH: + OTrESHH! 355
FNWygy = FNWyaye + RESya: (356

The total number of houses (H) is given by the sum of the three types of housing: inefficient
houses (H;) taken as houses with EPC ratings D and below, efficient non-electric houses (Hgn)
taken as houses with EPC ratings C and above where the primary energy source is non-electric
and efficient electric houses (Hgg)®® taken as houses with EPC ratings C and above where the
primary energy source is electricity based (Eq.(357)).3 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 (8ypg) of them are fully
electric.? 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)

49This 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 (GCFyrpngr) which can then be transformed into efficient electric houses
through real electrification home improvement (GC Fyrppr) with both these transformation rates
being determined by the cost of energy and electrification home upgrades (Egs. (359) - (361)).
COSTyrengr and COSTyEER 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 (Eqgs (362)

& (363)).

Hy=Hp+ Hgnt + Hipe (357)
HB; = agpGCFuuNBRt (358)
GCF
Hy = Hypy — CHHHIENRt (359)
HIENRt
GCF, GCF

Hpnt = Heni—1 + (1 — Bae)HDB, + nglj\,[j]vm - Cgi;fERt (360)

t t

GCF
Hgpt = Hppi—1 + BupeHB: + CHHH]EERt (361)
HIEER

Cuienrt = CHIENRB (362)
Cureert = CHIEERB (363)

The total value of housing stock (HV AL) is equal to the average house price (Pp) multiplied by
the number of houses (H) (Eq. (364)). House prices (Pg) per worker have a long run co-integrating
relationship with disposable income per worker and interest bearing liabilities per worker, showing
that housing demand can be based both on income but can also be financed through increased
indebtedness (Eq. (365)). Household sector net worth is defined as the sum of net financial and
real assets (Eq. (366)).

HV AL, = H P, (364)
Py H; YDpui—1 IBLyHt—1 Py 1Hy 4
AL = L|{——— L — L
LF, €PH (OéOPH + a1pH < LE_, ) + copH < LE_, > LF, )
(365)
NWyw = FNWy, + HV AL, (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 (/M P) 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 (RoWp)
is calculated based on real demand in the RoW (RoWpgr) multiplied by foreign prices (Pr) (Eq.
(369)). The total nominal imports (/M P) 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 (P;) and domestic prices (Pp). Counter-intuitively, the value of
the ayrpsp 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 ayrprp 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 (EX P) are mainly driven
by nominal demand in the rest of the world (RoWp) along with the real effective exchange rate
(REFER) (Eq. (371)). Again, the parameter aggxp 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 REFER increases.

Y Prowt = IMP; — EXP, (367)
DY; = CONS, + GCF, + EXP, (368)
ROWDt = ROWDRt . PFt (369)

LIMP; = aorpp + a1pppLIM Py + agrypLDY; 1 + azrup

L BiimpGCFy + BornpGC Fpgy
DY;

P,
) +aupLs + 0inpALDY,  (370)
Ppy

LEXP = aggxp+a1gxpLEX P, +asgxpLRoWpi—1 + asgxpLREER;_1 + 0 1ExpALRoW py

(371)

RoW real demand (RoWpp) is set to grow based on the exogenous growth rate (RoWp,) in line

with forecasts for real growth rates globally (Eq. (372)). Real imports (IM Pg) and real exports

(EX Pgr) are calculated by dividing by their respective price deflators P; and Pg (Egs. (373) &
(374)).

RoWppr: = RoWp,RoWpgs1 (372)
IMP,
IMPg, = ! (373)
It
EXP,
EXPg; = ¢ (374)
Pgy

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 (E'R) 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 (Pr) is driven by an exogenous growth rate (RoWWp,) based on global forecasts (Eq. (376)).
Export prices (Pg) are assumed to follow domestic price trends (Eq. (377)). Import prices (Pr) are
defined based on foreign prices, the nominal exchange rate and an adjustment term (I4ps) 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 Pp (Eq. (378)). The import adjustment term
(Iapy) 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 (Pg) and exchange
rate (ER) adjusted foreign prices (Pr) (Eq. (380)).
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ER, = ERy_, (375)
Ppy = RoWpyPry—1 (376)
Pgy = Ppy (377)

(378)
(379)

Pry = PryER I Ap gt 378

Iapjt = Iapji—1 379
Pry

REFR) = ——— 380

'~ BRiPry (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 (INT Npgo,w) is the sum of interest received on the RoW’s share of government
liabilities (I BLgvTrow) and their net holding of other interest-bearing assets (IBNgow) (Eq.
(381)). Net RoW dividends received (DIV Ngow) are given as a fixed proportion of RoW net
equity holding (EQNgrow) (Eq. (382)). RoW model determined net lending (LEN Dprow ) 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)).

INTNgrowt = ripLavrtl BLGyTRowt—1 + T1BNRoWtI BNRoWt-1 (
DIV Nrowt = apivNrow EQNRrow -1 (382
LENDprowmt =Y Prowt + INT Npowt + DIV Nrow (
DISCrowt = nrowrGDPy—q (
LENDgowi: = LENDgow ymt + DISCrowt (385

Net RoW interest-bearing asset transfers (IBNT Rp,w) are set as the residual of all other
financial transactions (Eq. (386)). Net equity asset transfers (EQNT Rg,w ) are set as proportional
to RoW income from production (Eq. (387)). The residual financial instrument transaction of the
RoW sector (REST Rrow ) grows exogenously as a fixed proportion of GDP (Eq. (388)).

IBNTRpow: = LENDpows — (IBLTRavrrowt + EQNTRpowt + RESTRrow:)  (386)

EQNTRRrowt = apQNTRRoW Y Prowt (387)
RESTRRowt = NrowBGD P (388)
OT1arowt = 01BARoW (IBNpRowt—1) (389)
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OTegNRowt = 0EQNRoW (EQNRow—1) (390)
OTrEsrowt = ORESRoW (RESRowt—1) (391)

The net-financial stocks of the RoW sector develop according to their respective financial trans-
fers and other transfers (Eqgs. (392) & (393)). The sum of net financial assets gives the RoW sector
model determined financial net worth (FNWgowar) (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 FNWgrow (Eq. (396)).

IBNgowt = IBNrowt-1 + IBNTRrowt + OT1BARW (392)
EQNrowt = EQNRrowt—1 + EQNTRrowt + OTEQNRoWt (393)
FNWgowmt = IBNrowt + EQNRrowt + IBLGvTRoWt (394)
RESgowt = RESgowt—1 + REST Rrowt + OTRESRoWt (395)
FNWgowt = 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 (rpog) 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.

AL7rBoEt = €rboc(Qrboe LINF;_1 — Lrpogt—1) (397)

Interest rates on interest-bearing assets for model sector j (r;p Ajt) tend towards a long run
interest rate with adjustment speed (7,4;) (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 (minr;) which is used to
respect the zero lower bound for interest rates in the model (Eq. (399)).

TIBAjt = TIBAji—1 + Traj(TTBAjLRt — TIBAjt—1) (398)
TIBAjLRt = Max(MinTr;,"TBOEQt — SPTja) (399)

Interest rates on interest-bearing liabilities for model sector j (r7pr;¢) tend towards a long
run interest rate with adjustment speed (7,4;) 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
(07) and the financial health of the MFI sector, proxied as the ratio between its financial liabilities
and assets (Eq. (401)).

T1BLjt = T1BLji—1 + Trj(TIBLjLRt — TIBLji—1) + 0ri; ATBOEQ (400)
FLyFrri—1

TIBLiLRt = TTBAjLRt + (sprji + 0;0)(1 + UjTBOEQt)FAit (401)
MFIt—1
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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.*! 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.

“IThe 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) 3597 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 (MTCOq./year) 407.32 381.76 324.37 367.10 25.46
Emission price (£/TCOxq.) 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 (%) 4722 3544 21.09 30.64 9.04
Imports (% of GDP) 39.99 3997 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).
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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.*? 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 ?7.

428ych 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.

92



5. Model parameters and initial values for endogenous variables

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

Symbol Description Parameter Value Source/remarks
category

CFrp Capacity factor of fossil fuel energy ~ Free 1.132 Calculated based on past values

generation and assumed to be constant over
time

CFmax Upper bound of the non-fossil fuel  Free 2 Selected as a reasonable maximum
electricity capacity factor value based on UK data

CFpmin Lower bound of the logistic func-  Free 0.5 Selected as a reasonable minimum
tion for non-fossil fuel electricity value based on UK data
capacity factor

CONFF Crowding out coefficient for gov-  Free 0.5 Set as a reasonable estimate pend-
ernment green GCF ing empirical evidence

defonFc Parameter of the default rate func-  Model- 12580 Calculated from Eq. (201)
tion for NFCs constrained

defops Parameter of the default rate func-  Model- 24820 Calculated from Eq. (201)
tion for NFCs constrained

def1 Parameter of the default rate func-  Free 8.53 Taken from DEFINE-GLOBAL
tion

defa Parameter of the default rate func-  Free 11.05 Taken from DEFINE-GLOBAL
tion

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

values

erPK PSFF Exponent governing the curvature  Free 3 Calibrated to generate a realistic
of the FF capital decommissioning pace of FF capital retirement
trajectory

FNWyerT Target MFI FNW ratio Free 0.008084 Calculated based on recent data

9ETSB Growth rate of ETS carbon price  Model- 0.0001283 Set based on reasonable projec-
in the baseline constrained tions

9PETS sce2 Quarterly growth rate of ETS  Model- 0.0306 Based on policy scenario design
prices under sce2 beyond the ini- constrained
tial jump

GCFpsgvrTscelr Quarterly government renewable  Free 0.415 Calibrated to generate the baseline
power investment per activated scenario
unit under scel (£ billion at 2022
prices)

GCFpsavrsces Quarterly government renewable  Free 3.33 Based on policy scenario design
power investment per activated
unit under sce3 (Green Power Sub-
sidy) (£ billion at 2022 prices)

INTAXRpgrr Long run income tax rate on the Free 0.2185 Based on past data and OBR fiscal
HH sector set by the government forecasts

INTAXRNpcorpr Long run income tax rate on the Free 0.04927 Based on past data and OBR fiscal
NFC sector set by the government forecasts

ITAXRprR Long run indirect tax rate on pro-  Free 0.05961 Based on past data and OBR fiscal
duction set by the government forecasts

ITAXRpsLr Long run indirect tax rate on the Free 0.01341 Based on past data and OBR fiscal
power sector set by the government forecasts

MINThoe Minimum inflation rate floor in the  Free 0.01 Prevents log of zero in the Taylor
BoE Taylor rule (1%) rule

minrgot Minimum lower bound GVT de- Free 0.006119 Calculated based on the 2010s zero
posit interest rate lower bound interest rate period

MiNT A Minimum lower bound household  Free 0.002509 Calculated based on the 2010s zero
deposit interest rate lower bound interest rate period

MinTy fe Minimum lower bound NFC de- Free 0.003204 Calculated based on the 2010s zero
posit interest rate lower bound interest rate period

MANT o fi Minimum lower bound NMFI de-  Free 0.004289 Calculated based on the 2010s zero
posit interest rate lower bound interest rate period

MINTrow Minimum lower bound RoW de-  Free -0.01033 Calculated based on the 2010s zero

posit interest rate

lower bound interest rate period
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Symbol Description Parameter Value Source/remarks
category

PTgrs Pass through of carbon pricing to  Free 1 Reasonable estimate based on re-
electricity prices search of carbon prices

RoWpy Exogenous Growth of RoW De-  Free 1.007 Taken as a reasonable estimate
mand

RoWpgyo Initial annual growth rate of rest of  Free 1.03 Taken as a reasonable estimate
world prices

RoWpyLRr Long-run annual growth rate of Free 1.025 Taken as a reasonable estimate
rest of world prices

shintpavrmrr Share of GVT bond interest in-  Free 0.6667 Based on ON experimental flow of
come in the MFI long-run interest funds data 2020 assuming MFI and
calculation NMFI together hold 2/3 of GVT

bonds

SOCCRgyTrr Long run social contribution rate  Free 0.1393 Based on past data and OBR fiscal
on the HH sector set by the gov- forecasts
ernment

Sprgvta Mark down on government deposit  Free -0.002054 Based on average of the pre 2010s
interest rates zero lower bound period

SPT gutl Interest rate spread on GVT liabil-  Free 0.001794 Based on recent values
ities interest rates

SPrhha Mark down on household deposit  Free 0.003593 Based on average of the pre 2010s
interest rates zero lower bound period

SPruhl Interest rate spread on HH liabili-  Free 0.00577 Based on recent values
ties interest rates

SPTnfea Mark down on NFC deposit inter-  Free 0.005769 Based on average of the pre 2010s
est rates zero lower bound period

SPTnfel Interest rate spread on NFC liabil-  Free -0.0008321 Based on recent values
ities interest rates

SPTnm fia Mark down on NMFI deposit in-  Free 0.002524 Based on average of the pre 2010s
terest rates zero lower bound period

SPTnmfil Interest rate spread on NMFI lia-  Free 0.001641 Based on recent values
bilities interest rates

SPTrpsi Interest rate spread on PS liabili-  Free -0.0008321 Based on recent values
ties interest rates

SPTrowa Mark down on RoW deposit inter-  Free -0.008781 Based on average of the pre 2010s
est rates zero lower bound period

tELECswitch Time index (quarter) for the Free 153 Set as the first period beyond the
switch in the electricity price long- initial OBR projection horizon
run formation rule

Tk PSFFoffset Time offset (quarters) added to the  Free 10 Calibrated to generate a realistic
simulation horizon in the FF capi- pace of FF capital retirement
tal decommissioning trajectory

tL Fswitch Time index (quarter) for the Free 152 Based on initial OBR projection
switch from annualised to quar- period length
terly labour force growth scaling

TpPETSdelay Quarters from simulation start be- Model- 9 Based on policy scenario design
fore the sce2 ETS price growth for-  constrained
mula becomes active

ur Target capacity utilisation Free 0.8035 Taken as the mean of past utilisa-

tion values

QOBHH Parameter in the equation for Free 0.2 Estimate based on green housing
green home improvements investment data

QUBNFC Parameter in the equation govern-  Free -0.03826 Calibrated to generate the baseline
ing the proportion of gross green scenario
NFC gross capital formation

QOCHHP Constant parameter in the house-  Free -0.006027 Calculated from Eq. (351)
hold consumption equation

QOCRNFC Parameter in the NFC credit ra- Model- 4.351 Calculated from Eq. (222)
tioning equation constrained

QOCRPS Parameter in the power sector Model- 2.736 Calculated from Eq. (152)
credit rationing equation constrained

QEXP Parameter in the nominal export Model- 0.6516 Calculated from Eq. (405) to
equation constrained match initial condition
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Symbol Description Parameter Value Source/remarks
category
QGCFFF Parameter in the power sector fos- Model- 0.01465 Calculated from Eq. (102)
sil fuel investment equation constrained
QOGCFNB Parameter in the HH gross capital  Free 7.679 Econometrically estimated
formation for new builds equation
QVGCFNFC Parameter in the NFC gross capi-  Free 0.02012 Calibrated to match initial condi-
tal formation equation tion
QGCFNFF Parameter in the power sector non-  Model- 0.02144 Calculated from Eq. (106)
fossil fuel investment equation constrained
QOIMP Parameter in the nominal import Model- -0.3641 Calculated from Eq. (404)
equation constrained
QOPH Parameter in the house price equa-  Free 1 Econometrically estimated
tion
QVSOCB Parameter in the GVT social ben-  Model- 0.05561 Calculated from Eq. (294)
efit equation constrained
aws Constant parameter in the wage Model- 0.4697 Calibrated so 58 equation equals
share equation constrained observed 58[L] at t=L
QIBHH Parameter in the equation for Free 0.3038 Estimate based on green housing
green home improvements investment data
QIENFC Parameter in the equation govern-  Free 0.1 Calibrated to generate the baseline
ing the proportion of gross green scenario
NFC gross capital formation
QICHHP Autoregressive parameter Free 0.8136 Econometrically estimated
QCRNFC Parameter in the credit rationing  Free 0 Econometrically estimated
equation for the NFC sector
Q1EXP Parameter in the nominal export  Free 0.7221 Econometrically estimated
equation
QA1GCFNB Parameter in the HH gross capital  Free 1.224 Econometrically estimated
formation for new builds equation
QAIGCFNFC Parameter in the NFC gross capi- Free 0.02948 Econometrically estimated
tal formation equation
Q1M P Lagged dependent variable param-  Free 0.474 Econometrically estimated
eter in the nominal import equa-
tion
Q1lambda Parameter in the productivity Free 0.725 Reasonable estimate based on past
equation relating real GDP growth values, UK studies and calibrated
to productivity growth to generate the baseline projec-
tions
a1 MU Linear relationship between pro- Model- 0.1943 Calibrated so LR markup at initial
duction price mark-up and unit constrained utilisation equals mean of 45:88
costs and 109:132 (excl. COVID and
GFC)
a1pH Parameter in the house price equa-  Free 1.04 Econometrically estimated
tion
a1S0CB Parameter in the GVT social ben-  Free 0.5263 Econometrically estimated
efit equation
aws Unemployment rate parameter in  Free 1.759 Econometrically estimated
the wage share equation
Q2BNFC Parameter in the equation govern-  Free 0.4 Calibrated to generate the baseline
ing the proportion of gross green scenario
NFC gross capital formation
QOCHHP Long run propensity to consume Free 0.1092 Econometrically estimated
out of disposable income
QQCRNFC Parameter in the credit rationing Free 0.1258 Econometrically estimated
equation for the NFC sector
Q2EXP Parameter in the nominal export  Free 0.2779 Econometrically estimated and
equation rescaled so LR elasticity to world
demand =1
QGCOFNFC Parameter in the NFC gross capi- Free 0.3049 Econometrically estimated
tal formation equation
QoI M P Lagged domestic demand parame-  Free 0.526 Econometrically estimated and

ter in the nominal import equation

rescaled so LR elasticity to 403 =
1
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Symbol Description Parameter Value Source/remarks
category

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

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

Q350CB Parameter in the GVT social ben-  Free 0.151 Econometrically estimated
efit equation

Q3CHHP Long run propensity to consume Free 0.05427 Econometrically estimated
out of household financial assets

Q3CRNFC Parameter in the credit rationing  Free -5.005 Econometrically estimated
equation for the NFC sector

QA3EXP Parameter in the nominal export Free 0.08626 Econometrically estimated
equation

a3IMP Investment share of domestic de-  Free 0.1646 Econometrically estimated
mand parameter in the nominal
import equation

QUM P Relative import price parameter in  Free 0.5522 Econometrically estimated
the nominal import equation

QADIVPNFEFC Rate of NFC sector dividend pay-  Free 0.4129 Set as the mean of past implied val-
ments relative to disposable in- ues
come

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

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

OEQAHH Relationship between HH EQA  Model- 0.005407 Calculated from Eq. (373)
transfers and household equity constrained
stock

QAEQANFC Relationship between NFC EQA  Model- 0.01117 Calculated from Eq. (193)
transfers and total output from constrained
production

AEQAPS Relationship between PS EQA  Model- 0.01298 Calculated from Eq. (117)
transfers and total output from constrained
production

QAEQNRoW Relationship between RoW EQA  Model- 0.0159 Calculated from Eq. (422)
transfers and total output constrained

QEQNTRRoW Relationship between net RoW eq-  Model- 1.363 Calculated from Eq. (422)
uity transfers and RoW income constrained

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

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

QB Conversion between real invest- Model- 0.00239 Calculated from Eq. (393)
ment in new houses and the build-  constrained
ing of new houses

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

QAIBAGVT Relationship between GVT IBA  Model- 0.004549 Calculated from Eq. (311)
transfers and total output from constrained
production

QIBANFC Relationship between NFC IBA  Model- 0.0109 Calculated from Eq. (192)
transfers and total output from  constrained
production

QIBANMPFI Relationship between NMFI IBA  Model- 0.02613 Calculated from Eq. (252)
transfers and total output from  constrained
production

QIBAPS Relationship between PS IBA  Model- 0.0121 Calculated from Eq. (116)
transfers and total output from  constrained
power sector

OIBLHH Relationship between HH IBL  Model- 0.01583 Calculated from Eq. (376)
transfers and total output from constrained

production
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Symbol Description Parameter Value Source/remarks
category
QIBLTR Parameter relating total housing  Free 0.00175 Calculated based on ONS stock
value to household interest bearing data
liability transfers
QarNs Relationship between HH insur- Model- 0.0008336 Calculated from Eq. (385)
ance transfers and total output constrained
QINSR Parameter relating NMFI dispos-  Free 1.372 Calculated based on past implied
able income to investment income values
on insurance schemes
QINSTR Insurance transfer payout rate Free 0.003204 Calculated from past data
QANELEC Pass through from gas and oil Free 2.557 Calculated using the mean over
prices to overall non-electric en- past data
ergy costs
AOCONSGVT Parameter relating GDP output to  Free 0.1011 Set based on OBR projections of
total government other consump- government spending and past
tion
QOPPSLR Long run technical coefficient of  Free 0.0503 Taken as the average implied tech-
other inputs to the power sector nical coefficient over past data
QApPENS Relationship between HH insur- Model- 0.06668 Calculated from Eq. (385)
ance transfers and total output constrained
QAPENSR Parameter relating NMFI dispos-  Free 1.213 Calculated based on past implied
able income to investment income values
on pension schemes
QAPFUEL Relationship between wholesale Free 10.98 Based on initial data
gas prices and the price of a fuel
input to the power sector
QApPPLR Long run technical coefficients of  Free 0.2762 Taken as the average implied tech-
internal production intermediate nical coefficient over past data
consumption
QApSPSLR Long run technical coefficient of Free 0.3836 Taken as the average implied tech-
internal power sector intermediate nical coefficient over past data
consumption
Qrpoe Parameter relating to inflation in  Free 0.9092 Set to generate observed early pe-
the BoE Taylor rule riod baseline behavior
QASOCBPENS Rate of social benefit payments Model- 0.008159 Calculated from Eq. (247)
relative to total value of pension constrained
schemes
asoccw Rate of wage contribution to  Model- 0.05693 Calculated from Eq. (246)
household social contribution for constrained
pension schemes (Defined contri-
bution)
Birmp Proportion of overall GCF contri-  Free 0.965 Estimated from IO data
bution to imports
Barmp Proportion of power sector GCF  Free 1.884 Estimated from IO data
contribution to imports
Banh Relationship between household Model- 1.333 Calculated from Eq. (346)
equity holding and dividend distri- constrained
bution
BDIVNRoW Net dividend payment rate to the Free 0.00349 Taken as a reasonable estimate
RoW sector based on past values
Bdps Relationship between power sector ~ Model- 0.773 Calculated from Eq. (99)
holding and dividend distribution constrained
BELECH Proportion of electric energy use  Free 0.205 Calculated from UK EPC data
in total energy use for non-electric
houses
BEQLNFC Parameter determining NFC eq- Model- 0.001676 Calculated from Eq. (199)
uity liability price revaluation rate  constrained
BEQLNMFI Parameter determining NMFI eq- Model- 0.008593 Calculated from Eq. (260)
uity liability price revaluation rate  constrained
BeEQLPS Parameter determining power sec- Model- 0.001676 Calculated from Eq. (123)
tor equity liability price revalua- constrained
tion rate
BHBE Proportion of new build properties  Free 0.08422 Based on implied UK data and as-

which are fully electric

sumed constant
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Symbol Description Parameter Value Source/remarks
category
BIBLGVTMFI Proportion of government borrow-  Free 0.3333 Based on ON experimental flow of
ing held by the MFI sector funds data 2020 and assumed con-
stant in simulations
BreravTNMFEI  Proportion of government borrow- — Free 0.3333 Based on ON experimental flow of
ing held by the NMFTI sector funds data 2020 and assumed con-
stant in simulations
BIBLGVTRoW Proportion of government borrow-  Free 0.3333 Based on ON experimental flow of
ing held by the RoW sector funds data 2020 and assumed con-
stant in simulations
BNELECGAS Proportion of non-electric energy  Free 0.55 Taken from 2023 data and assumed
provided by gas constant
BNELECOIL Proportion of non-electric energy  Free 0.45 Taken from 2023 data and assumed
provided by oil constant
BW RPRI Parameter linking private sector Model- 1.01 Calculated from Eq. (60)
wage rate to overall economy wage  constrained
rate
Bw RPUB Parameter linking public sector Model- 0.973 Calculated from Eq. (61)
wage rate to overall economy wage  constrained
rate
MEXP Parameter in the nominal export Free 2.044 Econometrically estimated
equation
01GCFNB Parameter in the HH gross capital  Free 0.1647 Econometrically estimated
formation for new builds equation
S1IMP Short-run domestic demand pa- Free 1.928 Econometrically estimated
rameter in the nominal import
equation
dCcoOV ETS2 Increase in ETS coverage for pro-  Free 0.5 Based on policy scenario design
duction and power sector under
sce2 (Carbon Price Increase)
SEQAHH Revaluation rate of HH EQAs Model- 0.005405 Calculated from EQ. (379)
constrained
SEQANFC Revaluation rate of NFC EQAs Model- 0.001397 Calculated from EQ. (198)
constrained
0EQAPS Revaluation rate of PS EQAs Model- 0.001397 Calculated from EQ. (122)
constrained
SEQLNFC Revaluation rate of NFC EQLSs Model- 0.008192 Calculated from EQ. (199)
constrained
SEQLPS Revaluation rate of PS EQLs Model- 0.008192 Calculated from EQ. (123)
constrained
0EQNRoW Revaluation rate of RoW EQAs Model- 0.005344 Calculated from EQ. (425)
constrained
SGCFPSGVT Quarterly decay rate of govern-  Free 0.9 Reflects gradual wind-down of past
ment PS investment when the in- committed spending
vestment trigger is inactive
SIBAGVT Revaluation rate of GVT IBAs Model- 0.0007799 Calculated from EQ. (318)
constrained
SIBAHH Revaluation rate of HH IBAs Model- 0.0007537 Calculated from EQ. (378)
constrained
SIBANFC Revaluation rate of NFC IBAs Model- 0.001064 Calculated from EQ. (197)
constrained
SIBANMFI Revaluation rate of NMFI IBAs Model- -0.0001727 Calculated from EQ. (257)
constrained
SIBAPS Revaluation rate of PS IBAs Model- 0.001064 Calculated from EQ. (121)
constrained
SIBARoW Revaluation rate of RoW IBAs Model- 0.0006782 Calculated from EQ. (424)
constrained
SIBLGVT Revaluation rate of GVT IBLs Model- -0.0008064 Calculated from 1. (319)
constrained
SIBLHH Revaluation rate of NFC IBLs Model- -1.215e-06 Calculated from EQ. (200)
constrained
SIBLNFC Revaluation rate of NFC IBLs Model- -0.004033 Calculated from EQ. (200)
constrained

o8



Symbol Description Parameter Value Source/remarks
category
SIBLNMFI Revaluation rate of NMFI IBLs Model- 0.0009828 Calculated from EQ. (258)
constrained
SIBLPS Revaluation rate of PS IBLs Model- -0.004033 Calculated from EQ. (124)
constrained
dINS Revaluation rate of Insurance Model- -0.01428 Calculated from EQ. (385)
constrained
Okpe Constant depreciation rate of pro-  Free 0.02375 Calculated from implied rates
ductive capital based on capital stock data
SOTEQLNMFI Revaluation rate of NMFI residual  Model- 0.1996 Calculated from EQ. (260)
financial instrument constrained
SRESGVT Revaluation rate of GVT residual Model- 0.009843 Calculated from EQ. (321)
financial instrument constrained
SRESHH Revaluation rate of HH residual fi- Model- -0.6181 Calculated from EQ. (381)
nancial instrument constrained
SRESNFC Revaluation rate of NFC residual Model- -0.009206 Calculated from EQ. (202)
financial instrument constrained
SRESNMFI Revaluation rate of NMFI residual  Model- -0.1662 Calculated from EQ. (263)
financial instrument constrained
SRESPS Revaluation rate of PS residual fi- Model- -0.09403 Calculated from EQ. (126)
nancial instrument constrained
OSRESRoW Revaluation rate of RoW residual Model- -0.01354 Calculated from EQ. (426)
financial instrument constrained
Origut Short run adjustment speed of Free 0.8 Reasonable number selected from
GVT interest rates to long run rate a range of values
Orinfe Short run adjustment speed of Free 0.5 Reasonable number selected from
NFC interest rates to long run rate a range of values
Orinmfi Short run adjustment speed of Free 0.5 Reasonable number selected from
NMFT interest rates to long run a range of values
rate
Orips Short run adjustment speed of PS  Free 0.5 Reasonable number selected from
interest rates to long run rate a range of values
€EGCFNB Parameter in the HH gross capital  Free 0.5646 Econometrically estimated
formation for new builds equation
€EGDP Adjustment factor to GDP in order  Free 1.119 Calculated from initial data
to compare model GDP with data
based GDP
€maz Maximum energy intensity of pro-  Free 2 Selected as a reasonable maximum
duction value based on UK past data
€min Minimum energy intensity of pro- Free 0.1 Selected such that it is reasonably
duction higher than 0
€EPH Parameter in the house price equa-  Free 0.06219 Econometrically estimated
tion
Erboe Adjustment parameter in the BoE  Free 0.125 Set to generate observed early pe-
Taylor rule riod baseline behavior
NGvTB Long run residual transaction dis-  Free -0.00292 Taken as the mean of past data
crepancy of GVT sector relative to
GDP
nGvrT Long run lending discrepancy of Free -0.01744 Taken as the mean of past data
government sector relative to GDP
NHHB Long run lending discrepancy of H  Free -0.0044 Taken as the mean of past data
sector relative to GDP
NHHT Long run lending discrepancy of H  Free 0.06538 Taken as the mean of past data
sector relative to GDP
NMFIT Long run lending discrepancy of  Free -0.01416 Taken as the mean of past data
MFTI sector relative to GDP
NNFCB Long run residual transaction dis-  Free -0.002919 Taken as the mean of past data
crepancy of NFC sector relative to
GDP
NNFCT Long run lending discrepancy of  Free -0.05316 Taken as the mean of past data
NFC sector relative to GDP
NNMFIB Long run residual transaction dis-  Free 0.00573 Taken as the mean of past data

crepancy of NMFI sector relative
to GDP
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Symbol

Description

Parameter
category

Value

Source/remarks

NINMFIT

NPSB

TTRoW B

TTRoW T

K2

K3

K4

K5

Khie

MUELEC

HMCELEC

Wemazx

Wemin

Wnemax

Wnemin

Long run lending discrepancy of
NMFT sector relative to GDP
Long run residual transaction dis-
crepancy of PS sector relative to
GDP

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

Long run lending discrepancy of
RoW sector relative to GDP
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

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

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

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

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

Parameter relating the marginal
cost of fossil fuel electricty to the
overall marginal cost of electricity
Maximum emission intensity of
electric fossil fuel based energy pro-
duction

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

Maximum emission intensity of
non-electric energy production
Minimum emission intensity of
non-electric energy production

Free

Free

Free

Free

Free

Free

Free

Free

Free

Model-
constrained

Free

Free

Free

Free

Free

Free

0.01969

-0.05263

0.0006092

-0.0003021

40

0.4

20

0.5

2.765

1.228

0.325

0.8

0.3

0.225

Taken as the mean of past data

Taken as the mean of past data

Taken as the mean of past data

Taken as the mean of past data

Calibrated such that the model
generates the baseline scenario

Calibrated such that the model
generates the baseline scenario

Calibrated such that the model
generates the baseline scenario

Calibrated such that the model
generates the baseline scenario

Calibrated such that the model
generates the baseline scenario

Calculated from Eq. ( 366)

Calculated based on past data

Set as a reasonable estimate to
generate the baseline scenario

Selected as a reasonable maximum
value based on UK data

Selected such that it is reasonably
higher than 0

Selected as a reasonable maximum
value based on UK data

Selected such that it is reasonably
higher than 0
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Symbol

Description

Parameter
category

Value

Source/remarks

¢LFBdecay

PPETSinitsce2

2

3

T4

5

VEQNMFI

OELEC

Tgut

Ohh

Onfc

ONFFcap

Onmfi

Ops

Tgut

Tragvt

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

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

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

Parameter linking non-fossil fuel to
fossil fuel electricity generation ra-
tio with the capacity factor of non-
fossil fuel electricity generation
Parameter linking green to con-
ventional non-electric capital ratio
with the ratio between electric and
non-electric energy use in produc-
tion

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

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

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

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

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

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

NFF capacity utilisation threshold
(ratio of NFF capacity to total
electricity demand) triggering gov-
ernment renewable investment
Parameter driving the size of the
interest rate spread on NMFTI lia-
bilities

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

Adjustment speed to long run
government income and spending
rates

Adjustment speed of GVT interest
rates to long run rate

Free

Model-

constrained

Model-
constrained

Model-
constrained

Model-
constrained

Model-
constrained

Model-
constrained

Model-

constrained

Free

Free

Free

Free

Free

Free

Free

Free

Free

0.35

5.5

-1.468

-1.164

-1.728

-1.147

-1.971

0.3921

0.975

-22.92

24.3

34.85

1.1

21.63

34.85

0.05

0.75

Taken from OBR labour market
projections

Based on policy scenario design

Calculated from Eq. (18)

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

Calculated from Eq. (20)

Calculated from Eq. (omega)

Calculated from Eq. (omega)

Calculated from Eq. (254)

Consistent with UK National Grid
assumptions

Based on recent values
Based on recent values
Based on recent values

Set as a threshold implying mod-
erate excess NFF capacity

Based on recent values
Based on recent values

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

Reasonable number selected to be
faster than general rates based on
observed past interest rate behav-
ior
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Symbol Description Parameter Value Source/remarks
category
Trahh Adjustment speed of HH interest  Free 0.2 Reasonable number selected to be
rates to long run rate slower than general rates based on
observed past interest rate behav-
ior
Tranfec Adjustment speed of NFC interest  Free 0.5 Reasonable number selected from
rates to long run rate a range of values
Tranmfi Adjustment speed of NMFI inter-  Free 0.5 Reasonable number selected from
est rates to long run rate a range of values
Traps Adjustment speed of PS interest Free 0.5 Reasonable number selected from
rates to long run rate a range of values
Trigut Adjustment speed of GVT interest  Free 0.75 Reasonable number selected to be
rates to long run rate faster than general rates based on
observed past interest rate behav-
ior
Trihh Adjustment speed of HH interest  Free 0.1391 Reasonable number selected to be
rates to long run rate slower than general rates based on
observed past interest rate behav-
ior
Trinfe Adjustment speed of NFC interest  Free 0.5271 Reasonable number selected from
rates to long run rate a range of values
Trinmfi Adjustment speed of NMFI inter-  Free 0.5271 Reasonable number selected from
est rates to long run rate a range of values
Trips Adjustment speed of PS interest Free 0.5271 Reasonable number selected from
rates to long run rate a range of values
Trorow Adjustment speed of RoW interest  Free 0.5 Reasonable number selected from
rates to long run rate a range of values
Odivp Proportion of NMFI dividends dis-  Model- 1.125 Calculated from Eq. (242)
tributed to other sectors constrained
OyEE Energy intensity of efficient electric =~ Model- 0.9783 Calculated from Eq. (11)
housing stock constrained
OgEN Energy intensity of efficient non- Model- 2.242 Calculated from Eq. (14)
electric housing stock constrained
Ogr Energy intensity of inefficient Free 5.607 Calculated from UK EPC data
housing stock
Opsb Fixed share used to apportion NFC  Free 0.02744 Based on the ratio of power sector
financial variables to the power to total NFC loans from Bank of
sector England data
Osoch Payment rate on NMFI insurance  Model- 0.02552 Calculated from Eq. (247)
stock constrained
TRENDgpu Parameter in the equation for Free 0.0005668 Estimate based on green housing

green home improvements

investment data
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Table 6: Symbols and initial values for endogenous variables (baseline scenario)

Symbol Description Variable cat- Initial value Source/remarks

egory

ACpp Average cost of power sector fossil  Model- 0.6176 Calculated from Eq. (89)

fuel electricity production (£ bil-  constrained
lion)
ACNFF Average cost of power sector non-  Model- 0.2039 Calculated from Eq. (88)
fossil fuel electricity production (£  constrained
billion)
CHIEER Average cost per property of con-  Free 10 Based on heat pump installation
verting an energy efficient home to cost estimates at 2022 prices
full electric heating in 2022 prices
(£ billion per million homes, i.e.
£10,000 per property)
CHIENR Average cost per property of up- Free 7.529 Based on cost of energy efficiency
grading from EPC D/below to installations at 2022 prices
EPC C/above (non-electric) in
2022 prices (£ billion per million
homes, i.e. £7,529 per property)

CFNFF Capacity factor of non-fossil fuel —Model- 0.7215 Calculated from Eq. (7)

electricity production constrained

CONS Consumption (£ billion) Model- 460.1 Calculated from Eq. (25)

constrained

CONSgvT Government consumption (£ bil- Model- 119.5 Calculated from Eq. (295)

lion) constrained

CONSavTR Government consumption 2022 Model- 115.5 Calculated from Eq.

prices (£ billion) constrained (CONSgvTPR)

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

CONSgpp Household consumption (£ billion)  Model- 333.3 Calculated from Eq. (350)

constrained

CONSygupr Household consumption from pro- Model- 322 Calculated from Eq. (354)

duction 2022 prices (£ billion) constrained

CONSgups Household consumption from the  Free 7.314 Taken from the ONS supply and

power sector (£ billion) use tables 2024

CONSgumpsr  Household consumption from the Model- 22.87 Calculated from Eq. (355)

power sector 2022 prices (£ billion)  constrained

CONSygur Household  consumption 2022  Model- 329.1 Calculated from Eq. (353)

prices (£ billion) constrained

CONSg Real Consumption 2022 prices (£ Model- 444.6 Calculated from Eq. (29) and con-

billion) constrained sumption deflators

COSTER Total economy energy costs from  Model- 47.69 Calculated from Eq. (COSTgT)

electric and non-electric sources in-  constrained
cluding taxes (£ billion)

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

lion) non-electric energy cost

COSTp Total ”cost” in production module = Model- 993.1 Calculated from Eq. (52)

(£ billion) constrained

COSTps Total ”cost” in power sector (£ bil-  Model- 43.19 Calculated from Eq. (83)

lion) constrained

COSTpsrr Total cost of power sector fossil fuel ~ Model- 30.08 Calculated from Eq. (87)

electricity production (£ billion) constrained
COSTpsNFF Total cost of power sector non-  Model- 14.75 Calculated from Eq. (86)
fossil fuel electricity production (£  constrained
billion)

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

COVETsps Proportion of power sector emis-  Free 0.5 Taken as an estimate based on

sions subject to ETS OBR emission and tax forecasts

CRNFC Credit rationing rate for NFCs Free 0.1188 Constructed from credit conditions

index while assuming maximum
rationing rate of 40%
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Symbol Description Variable cat- Initial value Source/remarks
egory
CRpg Credit rationing rate for power sec-  Free 0.1188 Constructed from credit conditions
tor index while assuming maximum
rationing rate of 40%
DEBTapp Debt to GDP ratio (%) Free 79.29 Calculated from initial Govern-
ment debt and 23 levels
DEFNFEc NFC default rates assumed to be  Model- 0.0005203 Calculated from EQ. (200)
proportional to NFC Revaluations  constrained
DEFpg PS default rates assumed to be Model- 0.0005203 Calculated from EQ. (124)
proportional to PS Revaluations constrained
detra Determinant of I - A matrix for Model- 0.39 Calculated from Eq. (169)
calculating Leiontief matrix coeffi- constrained
cients
DISCgvr Lending discrepancy for the gov-  Model- -8.852 Calculated from Eq. (310)
ernment sector (£ billion) constrained
DISCyy Lending discrepancy for the HH  Model- 10.77 Calculated from Eq. (371)
sector (£ billion) constrained
DISCyrr Lending discrepancy for the MFI ~ Model- -21.13 Calculated from Eq. (226)
sector (£ billion) constrained
DISCnFrc Lending discrepency for the NFC  Model- -35.54 Calculated from Eq. (191)
sector (£ billion) constrained
DISCNMmFT Lending discrepancy for the NMFI ~ Model- 81.8 Calculated from Eq. (251)
sector (£ billion) constrained
DISCRrow Lending discrepancy for the RoW  Model- -27.04 Calculated from Eq. (420)
sector (£ billion) constrained
DIV Ngow Net-Dividends received by the Free -5.44 Taken from the ONS UK economic
RoW sector (£ billion) accounts 2024
DIV PNnpc Dividends paid by the NFC sector  Free 44.34 Taken from the ONS UK economic
(£ billion) accounts 2024
DIVPNMET Dividends paid by the NMFI sector ~ Model- 57.44 Calculated from Eq. (242)
(£ billion) constrained
DIV Ppg Dividends paid by the power sector  Free 1.251 Taken from the ONS UK economic
(£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
DIVRug Dividends received by the House-  Free 32.47 Taken from the ONS UK economic
hold sector (£ billion) accounts 2024
DIVRNFC Dividends received by the NFC  Free 24.28 Taken from the ONS UK economic
sector (£ billion) accounts 2024
DIVRNMFET Dividends received by the NMFI  Model- 51.04 Calculated from Eq. (242)
sector (£ billion) constrained
DIV Rpg Dividends received by the power  Free 0.685 Taken from the ONS UK economic
sector (£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
DY Domestic outpout Model- 812.3 Calculated from Eq. (403)
constrained
E Total final energy use (TwH) Free 365.2 Taken from ONS DUKES table
1.1.5
Ergrec Total final electricity use (TwH) Free 66.88 Taken from ONS DUKES table
1.1.5
EgrLecrr Total final electricity use from fos-  Model- 26.91 Calculated from Eq. (8)
sil fuel sources (TwH) constrained
FEgrecH Total domestic final electricity use  Free 22.87 Taken from ONS DUKES table
(TwH) 1.15
Eprecmax Maximum electrical energy pro- Model- 127.3 Calculated from Eq. (6)
duction (TwH) constrained
EgrLEcNFF Total final electricity use from non-  Free 39.97 Calculated from non-fossil fuel en-
fossil fuel sources (TwH) ergy supply proportions from UK
energy trends table 5.1
Erprecp Electric energy use in production  Model- 44.01 Calculated from Eq. (5)
(TwH) constrained
Ey Total final domestic energy use Free 107.9 Taken from ONS DUKES table

(TwH)

1.1.5
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Symbol Description Variable cat- Initial value Source/remarks
egory
ENELEC Total final non-electric energy use  Model- 298.4 Calculated from Eq. (12)
(TwH) constrained
ENELECH Non-electric energy use in housing  Model- 85.03 Calculated from Eq. (3)
(TwH) constrained
ENELECP Total final production non-electric ~ Model- 213.3 Calculated using Eq. (13)
energy use (TwH) constrained
Ep Total final energy use from produc-  Model- 257.3 Calculated from Eq. (1)
tion (TwH) constrained
EMIS Total greenhouse gas emissions Free 101.5 Taken from DESNZ final green-
(MtCO2e) house gas emissions table 1.2
EMISELEC Total greenhouse gas emissions Free 13.72 Taken from DESNZ final green-
from electricty (MtCO2e) house gas emissions table 1.2
EMISNELEC Total greenhouse gas emis- Model- 87.83 Calculated from Eq. (15)
sions from non-electric energy  constrained
(MtCO2e)
EMP Total employed people (millions) Free 32.81 Taken from the ONS labour mar-
ket survey 2023
EMPpRry Total employed people in the pri- Model- 27.01 Calculated from Eq. (36)
vate sector (millions) constrained
EMPpyp Total employed people in the pub-  Free 5.802 Taken from the ONS labour mar-
lic sector (millions) ket survey 2023
EQAnm Equity assets of the HH sector (£  Free 1070 Taken from the ONS UK economic
billion) accounts 2024
EQANFC Equity assets of the NFC sector (£  Free 1379 Taken from the ONS UK economic
billion) accounts 2024
EQANMFI Equity assets of the NMFI sector  Model- 3857 Calculated as the sum of other sec-
(£ billion) constrained tor equity liabilities
EQApg Equity assets of the power sector  Free 38.92 Taken from the ONS UK economic
(£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
EQATRyy Equity asset net-transfers of the Free -19.04 Taken from the ONS UK economic
HH sector (£ billion) accounts 2024
EQATRNFc Equity asset net-transfers of the Free 13.59 Taken from the ONS UK economic
NFC sector (£ billion) accounts 2024
EQATRNyrr  Equity assets transfers of the  Model- -15.75 Calculated from Eq. (254)
NMFTI sector (£ billion) constrained
EQATRps Equity asset net-transfers of the Free 0.3836 Taken from the ONS UK economic
power sector (£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
EQLNFC Equity liabilities of the NFC sector  Free 3751 Taken from the ONS UK economic
(£ billion) accounts 2024
EQLNMFET Equity liabilities of the NMFI sec- Model- 2522 Calculated as the sum of other sec-
tor (£ billion) constrained tor equity assets
EQLpg Equity liabilities of the power sec-  Free 105.8 Taken from the ONS UK economic
tor (£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
EQLTRNFC Equity liabilities net-transfers of  Free -15.31 Taken from the ONS UK economic
the NFC sector (£ billion) accounts 2024
EQLTRNMpr  Equity liability transfers of the Model- -83.46 Calculated from Eq. (253)
NMFTI sector (£ billion) constrained
EQLTRps Equity liabilities net-transfers of  Free -0.4321 Taken from the ONS UK economic
the power sector (£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
EQNRrow Equity assets of the RoW sector (£  Free 34.07 Taken from the ONS UK economic
billion) accounts 2024
EQNTRRow Equity asset net-transfers of the Free -78.4 Taken from the ONS UK economic

RoW sector (£ billion)

accounts 2024
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Symbol Description Variable cat- Initial value Source/remarks
egory
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
EXPgp Total exports 2022 prices (£ bil-  Model- 227.9 Calculated from Eq. (408)
lion) constrained
Fp Final demand for production sec- Model- 805 Calculated from EQ. (48)
tor products constrained
Fpr Final demand of the production Model- 777.8 Calculated from Eq. (49)
sector £ billion) (IM Pg) constrained
Fps Final demand of the power sector = Model- 7.314 Calculated from Eq. (79)
(£ billion) constrained
Fpsr Final demand of the power sector =~ Model- 22.87 Calculated from Eq. (80)
£ billion) constrained
FAgvr Financial assets of the GVT sector ~ Model- 465 Calculated from Eq. (328)
(£ billion) constrained
FApgp Financial assets of the HH sector =~ Model- 6785 Calculated from Eq. (387)
(£ billion) constrained
FAyrr Financial assets of the MFI sector = Model- 7701 Calculated from Eq. (228)
(£ billion) constrained
FAnrc Financial assets of the NFC sector  Model- 2654 Calculated from Eq. (207)
(£ billion) constrained
FANMET Financial assets of the NMFI sec- Model- 9090 Calculated from Eq. (268)
tor (£ billion) constrained
FApgs Financial assets of the power sector ~ Model- 74.88 Calculated from Eq. (131)
(£ billion) constrained
FLgyvr Financial liabilities of the GVT  Model- 2517 Calculated from Eq. (329)
sector (£ billion) constrained
FLyy Financial liabilities of the HH sec-  Model- 2083 Calculated from Eq. (388)
tor (£ billion) constrained
FLyrr Financial liabilities of the MFI sec- Model- 7591 Calculated from Eq. (232)
tor (£ billion) constrained
FLnFc Financial liabilities of the NFC sec-  Model- 5380 Calculated from Eq. (208)
tor (£ billion) constrained
FLyNMFET Financial liabilities of the NMFI  Model- 9191 Calculated from Eq. (269)
sector (£ billion) constrained
FLpg Financial liabilities of the power Model- 151.8 Calculated from Eq. (132)
sector (£ billion) constrained
FNW Overall financial net worth - should  Model- 3.411e-13 Calculated from Eq. (463)
equal 0 by definition constrained
FNWavyr Financial net-worth of the GVT  Free -1854 Taken from the ONS UK economic
sector (£ billion) accounts 2024 adjusted to account
for Maastricht debt
FNWavTMm Model determined financial net- Model- -2052 Calculated from Eq. (330)
worth of the GVT sector (£ billion)  constrained
FNWgH Financial net-worth of the HH sec-  Free 4382 Taken from the ONS UK economic
tor (£ billion) accounts 2024
FNWyHM Model determined financial net- Model- 4701 Calculated from Eq. (389)
worth of the HH sector (£ billion)  constrained
FNW Overall model determined financial =~ Model- 5.684e-13 Calculated from Eq. (462)
net worth - should equal 0 by defi- constrained
nition
FNWyrr Financial net-worth of the MFI  Model- 40.74 Calculated from Eq. (235)
sector (£ billion) constrained
FNWyrrm Model determined financial net-  Model- 110.3 Calculated from Eq. (233)
worth of the MFI sector (£ billion)  constrained
FNWNFrc Financial net-worth of the NFC  Free -2991 Taken from the ONS UK economic
sector (£ billion) accounts 2024
FNWNrcoMm Model determined financial net- Model- -2726 Calculated from Eq. (209)
worth of the NFC sector (£ billion)  constrained
FNWNMET Financial net-worth of the NMFI  Free 161.8 Taken from the ONS UK economic

sector (£ billion)

accounts 2024
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Symbol Description Variable cat- Initial value Source/remarks
egory
FNWNMEIM Model determined financial net- Model- -100.9 Calculated from Eq. (270)
worth of the NMFI sector (£ bil-  constrained
lion)
FNWpg Financial net-worth of the power Free -84.4 Taken from the ONS UK economic
sector (£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
FNWpsnm Model determined financial net- Model- -76.91 Calculated from Eq. (133)
worth of the power sector (£ bil-  constrained
lion)
FNWRow Financial net-worth of the RoW  Free 344.7 Taken from the ONS UK economic
sector (£ billion) accounts 2024
FNWRow M Model determined financial net- Model- 143.8 Calculated from Eq. (429)
worth of the RoW sector (£ billion)  constrained
g Nominal GDP growth rate Model- 1.019 Calculated from Eq. (32)
constrained
GCF Gross fixed capital formation (£ Model- 115.8 Calculated from Eq. (26)
billion) constrained
GCFgvyr Gross capital formation of the gov-  Free 20.76 Taken from the ONS UK economic
ernment sector (£ billion) accounts 2024
GCFgvTce Conventional gross capital forma- Model- 19.9 Calculated from Eq. (302)
tion of the GVT sector (£ billion)  constrained
GCFgvrTCcRr Conventional gross capital forma- Model- 19.3 Calculated from Eq. (306)
tion of the GVT sector 2022 prices  constrained
(£ billion)
GCFavra Gross capital formation of the Free 0.8578 Taken by assuming government
GVT sector (£ billion) has the same initial proportion of
green investment as the NFC sec-
tor
GCFgvTGR Green gross capital formation of Model- 0.832 Calculated from Eq. (305)
the GVT sector 2022 prices (£ bil-  constrained
lion)
GCFavTRr Gross capital formation of the Model- 20.14 Calculated from Eq. (304)
GVT sector 2022 prices (£ billion)  constrained
GCFypg Gross capital formation of the Free 29.33 Taken from the ONS UK economic
household sector (£ billion) accounts 2024
GCFypgHI Household Gross capital formation = Model- 1.559 Calculated from Eq. (357)
in home improvement 2022 prices constrained
(£ billion)
GCFypuareer Gross fixed capital formation in  Model- 0.06804 Calculated from Eq. (367)
electrification home improvements  constrained
2022 prices (£ billion)
GCFypurenr Gross fixed capital formation in en-  Free 0.1437 Calculated such that initial value
ergy efficiency home improvements is reasonable
2022 prices (£ billion)
GCFHHHIER Gross fixed capital formation in en-  Model- 0.2117 Calculated from Eq. (364)
ergy efficient home improvements constrained
2022 prices (£ billion)
GCFHHHINR Gross fixed capital formation in  Model- 1.3 Calculated from Eq. (365)
non-energy home improvements constrained
2022 prices (£ billion)
GCFHHHIR Gross fixed capital formation in  Model- 1.512 Calculated from Eq. (361)
home improvements 2022 prices (£ constrained
billion)
GCFyuNB Gross fixed capital formation in  Model- 27.77 Calculated from Eq. (361)
new houses 2022 prices (£ billion)  constrained
GCFyuNBR Gross fixed capital formation in  Free 26.94 Taken from the ONS UK economic
new houses 2022 prices (£ billion) accounts 2024
GCFyygr Gross fixed capital formation in  Model- 28.45 Calculated from Eq. (361)
new houses (£ billion) constrained
GCFnFpco Gross capital formation of the NFC  Free 63.53 Taken from the ONS UK economic

sector (£ billion)

accounts 2024
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Symbol Description Variable cat- Initial value Source/remarks
egory
GCFnrcc Conventional gross capital forma- Model- 60.9 Calculated from Eq. (185)
tion of the NFC sector (£ billion) constrained
GCFNpccRr Conventional gross capital forma- Model- 59.07 Calculated from Eq. (188)
tion of the NFC sector 2022 prices  constrained
(£ billion)
GCFNFcD Desired NFC gross capital forma- Model- 72.09 Calculated from Eq. (182)
tion constrained
GCFNrca Green gross capital formation of Free 2.625 Based on UK Government Green
the NFC sector (£ billion) Financing: Allocation Report 2024
GCFNFOGR Green gross capital formation of Model- 2.546 Calculated from Eq. (187)
the NFC sector 2022 prices (£ bil-  constrained
lion)
GCFNFcR Gross capital formation of the NFC ~ Model- 61.62 Calculated from Eq. (186)
sector 2022 prices (£ billion) constrained
GCFpsrr Gross capital formation of fossil Model- 0.6638 Calculated from Eq. (107)
fuel power capital (£ billion) constrained
GCFpsrrp Desired PS fossil fuel gross capital Model- 0.7533 Calculated from Eq. (107)
formation constrained
GCFpsrFrRr Gross capital formation of fossil Model- 0.6438 Calculated from Eq. (137)
fuel power capital 2022 prices (£ constrained
billion)
GCFpsNFF Gross capital formation of non- Model- 1.489 Calculated from Eq. (108)
fossil fuel power capital (£ billion)  constrained
GCFpsNFFD Desired PS non-fossil gross capital Model- 1.69 Calculated from Eq. (108)
formation constrained
GCFpsSNFFR Gross capital formation of non- Model- 1.444 Calculated from Eq. (143)
fossil fuel power capital 2022 prices  constrained
(£ billion)
GCFpgspr Gross capital formation of the Model- 2.088 Calculated from Eq. (112)
power sector 2022 prices (£ billion)  constrained
GCFgr Real gross fixed capital formation  Model- 112.3 Calculated from Eq. (30) and
2022 prices (£ billion) constrained GFCF deflators
GDP Gross domestic product (£ billion)  Model- 584.5 Calculated from Eq. (23)
constrained
GDPr Real gross domestic product 2022  Model- 562.6 Calculated from Eq. (28)
prices (£ billion) constrained
GDPRrrE Labour-determined potential GDP  Model- 584.3 Calculated using Eq. (45)
(£ billion) constrained
GDPrri Capital-determined potential GDP  Model- 690.3 Calculated using Eq. (47)
(£ billion) constrained
GDPRrpax Maximum real supply constrained  Model- 584.3 Calculated using Eq. (41)
GDP (£ billion) constrained
GO Total output (£ billion) Model- 1191 Calculated from Eq. (27)
constrained
GOp Gross output from production (£ Model- 1152 Calculated from Eq. (51)
billion) constrained
GOpRr Production sector gross output Model- 1113 Calculated from Eq. (50)
2022 prices (£ billion) constrained
GOps Gross output from the power sec- Model- 38.71 Calculated from Eq. (51)
tor (£ billion) constrained
GOpsr Power sector gross output 2022  Model- 121 Calculated from (81)
prices (£ billion) constrained
GOg Total output (£ billion 2022 prices)  Model- 1150 Calculated from Eq. (31)
constrained
GOSp Gross operating surplus from pro- Model- 158.7 Calculated from Eq. (53)
duction (£ billion) constrained
GOSpg Gross operating surplus of the Model- -4.479 Calculated Eq. (84)
power sector (£ billion) constrained
H Total number of UK properties Free 30.06 From UK census data

(millions)

68



Symbol Description Variable cat- Initial value Source/remarks
egory
Hpg Total number of UK energy effi- Free 0.9634 From UK EPC data
cient electric properties (EPC rat-
ing C and above with electric pri-
mary fuel) (millions)
Hgn Total number of UK energy effi- Free 16.69 From UK EPC data
cient non-electric properties (EPC
rating C and above with non-
electric primary fuel) (millions)
Hy Total number of UK non-energy  Free 12.4 From UK EPC data
efficient non-electric properties
(EPC rating D and below) (mil-
lions)
HB Number of houses built in the UK Model- 0.021 Calculated as the change in house
(millions) constrained numbers based on housing data
HVAL Total value of housing stock (£ bil-  Model- 8727 Calculated from Eq. (399)
lion) constrained
Iapy Import price index adjustment Model- 1.038 Calculated from Eq. (414)
based on changing basket of import  constrained
goods
IBAgvT Interest bearing assets of the gov-  Free 465 Taken from the ONS UK economic
ernment sector (£ billion) accounts 2024
IBApyg Interest bearing assets of the HH  Free 2151 Taken from the ONS UK economic
sector (£ billion) accounts 2024
IBANFC Interest bearing assets of the NFC  Free 1274 Taken from the ONS UK economic
sector (£ billion) accounts 2024
IBANMFT Interest bearing assets of the Free 4394 Taken from the ONS UK economic
NMFTI sector (£ billion) excluding accounts 2024
government borrowing
IBApg Interest bearing assets of the power  Free 35.96 Taken from the ONS UK economic
sector (£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
IBATRgvT Interest bearing asset net-transfers  Free -9.236 Taken from the ONS UK economic
of the GVT sector (£ billion) accounts 2024
IBATRyH Interest bearing asset net-transfers  Free 15.41 Taken from the ONS UK economic
of the HH sector (£ billion) accounts 2024
IBATRyNFr Interest bearing asset transfers of Model- -155.3 Calculated from Eq. (229)
the MFI sector (£ billion) constrained
IBATRNFC Interest bearing asset net-transfers  Free -37.73 Taken from the ONS UK economic
of the NFC sector (£ billion) accounts 2024
IBATRNMFI Interest bearing asset net-transfers  Free -141.5 Taken from the ONS UK economic
of the NMFT sector (£ billion) accounts 2024
IBATRpg Interest bearing asset net-transfers  Free -1.065 Taken from the ONS UK economic
of the power sector (£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
IBLgyT Interest bearing liabilities of the  Free 2517 Taken from UK government Maas-
government sector (£ billion) tricht debt data
IBLoyvTMFI Interest bearing liabilities of the  Free 838.9 Taken as a proportion of total gov-
government sector held by MFIs (£ ernment IBLs based on flow of
billion) funds data
IBLoyrNMmEr  Interest bearing liabilities of the  Free 838.9 Taken as a proportion of total gov-
government sector held by NMFIs ernment IBLs based on flow of
(£ billion) funds data
IBLGYVTRoW Interest bearing liabilities of the  Free 838.9 Taken as a proportion of total gov-
government sector held by RoW (£ ernment IBLs based on flow of
billion) funds data
IBLg Interest bearing liabilities of the  Free 2083 Taken from the ONS UK economic
HH sector (£ billion) accounts 2024
IBLNFC Interest bearing liabilities of the  Free 1628 Taken from the ONS UK economic
NFC sector (£ billion) accounts 2024
IBLNMFI Interest bearing liabilities of the  Free 3105 Taken from the ONS UK economic

NMFTI sector (£ billion)

accounts 2024
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Symbol Description Variable cat- Initial value Source/remarks

egory

IBLpg Interest bearing liabilities of the  Free 45.94 Taken from the ONS UK economic
power sector (£ billion) accounts 2024 with the power sec-

tor accounting for a fixed propor-
tion of NFC financial variables

IBLTRgvT Interest bearing liabilities net-  Free 65.64 Taken from the ONS UK economic
transfers of the GVT sector (£ bil- accounts 2024
lion)

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

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

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

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

IBLTR)FT Interest bearing liability transfers Model- -146.3 Calculated from Eq. (230)
of the MFI sector (£ billion) constrained

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

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

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

tion of NFC financial variables

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

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

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

ICrUELPSR Intermediate consumption of the Model- 15.75 Calculated from Eq. (167)
power sector for fuel products (£ constrained
bn 2022 prices)

ICopps Intermediate consumption of the Model- 8.833 Calculated from Eq. (166)
power sector for other production constrained
products (£ billion)

ICoppsr Intermediate consumption of the Model- 8.535 Calculated from Eq. (168)
power sector for other products (£  constrained
bn 2022 prices)

ICpp Internal intermediate consumption  Free 322.2 Taken from the ONS supply and
of the production sector use tables 2024

ICppRr Real internal intermediate con-  Free 311.3 Calculated from Eq. (162)
sumption of the production sector

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

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

ICpspr Real intermediate consumption of Model- 44.01 Calculated from Eq. (159)
the production sector for power constrained
sector products (£bn 2022 prices)

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

ILLIQpg Illiquidity ratio of the power sector ~ Model- 1.046 Calculated from Eq. (150)

constrained
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Symbol Description Variable cat- Initial value Source/remarks
egory
IMP Total Imports (£ billion) Free 227.8 Taken from the ONS UK economic
accounts 2024
IMPg Total imports 2022 prices (£ bil- Model- 222.3 Calculated from Eq. (407)
lion) constrained
INFy UK annual CPI inflation rate Free 0.107 From ONS CPI data
INS Total Insurance stock - asset of Free 970.5 Taken from the ONS UK economic
households and a liability of the accounts 2024
NMEFT sector (£ billion)
INSR Income payable on insurance enti-  Free 3.14 Taken from the ONS UK economic
tlements accounts 2024
INSTR Total Insurance stock net transfers  Free -2.347 Taken from the ONS UK economic
- asset of households and a liability accounts 2024
of the NMFT sector (£ billion)
INTAX Total income tax received by the  Model- 99.07 Calculated from Eq. (285)
government (£ billion) constrained
INTAXyyg Income tax paid by the household Free 79.91 Taken from the ONS UK economic
sector (£ billion) accounts 2024
INTAXNFC Income tax paid by the NFC sector  Free 19.16 Taken from the ONS UK economic
(£ billion) accounts 2024
INTAXRpng Income tax rate of Households Model- 0.2193 Calculated from Eq. (288)
constrained
INTAXRynpc  Income tax rate of NFCs Model- 0.05261 Calculated from Eq. (286)
constrained
INTNRow Net-Interest received by the RoW  Free 19.52 Taken from the ONS UK economic
sector (£ billion) accounts 2024
INTPgyT Interest paid by the GVT sector (£  Free 32.87 Taken from the ONS UK economic
billion) accounts 2024
INTPyy Interest paid by the HH sector (£  Free 15.46 Taken from the ONS UK economic
billion) accounts 2024
INTPy Interest paid by the MFI sector (£  Model- 66.65 Calculated from Eq. (225)
billion) constrained
INTPNFpc Interest paid by the NFC sector (£  Free 10.28 Taken from the ONS UK economic
billion) accounts 2024
INTPNMFET Interest paid by the NMFI sector  Free 18.85 Taken from the ONS UK blue book
(£ billion) 2023, annual data converted to
quarterly using cubic spline inter-
polation
INTPpg Interest paid by the power sector Free 0.2902 Taken from the ONS UK economic
(£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
INTRgvyT Interest received by the GVT sec-  Free 3.089 Taken from the ONS UK economic
tor (£ billion) accounts 2024
INTRpg Interest received by the HH sector  Free 5.36 Taken from the ONS UK economic
(£ billion) accounts 2024
INTRMFpT Interest received by the MFI sector = Model- 77.75 Calculated from Eq. (224)
(£ billion) constrained
INTRNFC Interest received by the NFC sector ~ Free 4.206 Taken from the ONS UK economic
(£ billion) accounts 2024
INTRNMFI Interest received by the NMFT sec-  Free 34.35 Taken from the ONS UK blue book
tor (£ billion) 2023, annual data converted to
quarterly using cubic spline inter-
polation
INTRps Interest received by the power sec-  Free 0.1187 Taken from the ONS UK economic
tor (£ billion) accounts 2024 with the power sec-
tor accounting for a fixed propor-
tion of NFC financial variables
ITAX Total indirect tax received by the  Model- 65.98 Calculated from Eq. (274)
government (£ billion) constrained
ITAXNELEC ETS tax on non-electric energy  Model- 0.1101 Calculated from Eq. (276)
production constrained
ITAXp Total indirect taxes - subsidies on  Free 64.69 Taken from the ONS UK economic

production (£ billion)

accounts 2024
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Symbol Description Variable cat- Initial value Source/remarks
egory
ITAXpg Total indirect taxes - subsidies on  Free 1.289 Taken from the ONS supply and
the power sector (£ billion) use tables 2024
ITAXpspr Indirect tax of the power sector on ~ Model- 0.5461 Calculated from Eq. (281)
fossil fuel electricity production (£  constrained
billion)
ITAXpsNFF Indirect tax of the power sector on  Model- 0.7432 Calculated from Eq. (282)
non-fossil fuel electricity produc-  constrained
tion (£ billion)
ITAXRp Indirect tax rate (excluding ETS)  Model- 0.05607 Calculated from Eq. (277)
of the production sector constrained
ITAXRps Indirect tax rate (excluding ETS)  Model- 0.03213 Calculated from Eq. (280)
of power sector constrained
Kavr GVT capital(£ billion) Model- 886.7 Calculated from Eq. (336)
constrained
Kgvre Conventional GVT capital(£ bil- Model- 851.2 Calculated from Eq. (337)
lion) constrained
Kavrcer Conventional GVT capital stock Model- 825.6 Calculated from Eq. (333)
2022 prices (£ billion) constrained
Keovra Green GVT capital(£ billion) Model- 35.47 Calculated from Eq. (338)
constrained
Kgvrr Capital stock of the GVT sector Free 860 Taken from the ONS capital stock
2022 prices (£ billion) tables 2023
Knrc NFC capital(£ billion) Model- 2501 Calculated from Eq. (215)
constrained
Knyrcco Conventional NFC capital(£ bil- Model- 2401 Calculated from Eq. (216)
lion) constrained
KNFrocRr Conventional NFC capital stock Model- 2329 Calculated from Eq. (212)
2022 prices (£ billion) constrained
Knrog Green NFC capital(£ billion) Model- 100 Calculated from Eq. (217)
constrained
KNFCR Capital stock of the NFC sector Free 2426 Taken from the ONS capital stock
2022 prices (£ billion) tables 2023
Kp Total production capital (£ billion)  Model- 3388 Calculated from Eq. (72)
constrained
Kpe Total conventional production cap-  Model- 3252 Calculated from Eq. (74)
ital (£ billion) constrained
Kpcr Real total conventional production  Model- 3155 Calculated from Eq. (77)
capital 2022 prices (£ billion) constrained
Kpa Total green production capital (£ Model- 135.5 Calculated from Eq. (73)
billion) constrained
Kpcr Real total green production capital  Model- 131.4 Calculated from Eq. (76)
2022 prices (£ billion) constrained
Kpgr Real total production capital 2022  Model- 3286 Calculated from Eq. (75)
prices (£ billion) constrained
Kps Capital stock of the power sector(£  Free 132.5 Taken from the ONS capital stock
billion) tables 2023 assuming D351 capital
is proportion to the sectors GVA in
the supply and use tables 2023
Kpsrr Power sector fossil fuel capital (£ Model- 79.51 Calculated from Eq. (146)
billion) constrained
Kpsrrr Power sector fossil fuel capital 2022  Model- 77.12 Calculated from Eq. (136)
prices (£ billion) constrained
KpsNFF Power sector non-fossil fuel capital ~Model- 57.11 Calculated from Eq. (146)
(£ billion) constrained
KpsSNFFR Non-fossil fuel capital stock of the  Free 55.4 Calculated using DUKES table 5.7
power sector (£ billion)
Kpsgr Capital stock of the power sector Free 132.5 Taken from the ONS capital stock
2022 prices (£ billion) tables 2023 assuming D351 capital
is proportion to the sectors GVA in
the supply and use tables 2023
Lpp Leiontief coefficient for internal Model- 1.417 Calculated from Eq. (170)
intermediate consumption of the constrained

production sector
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Symbol Description Variable cat- Initial value Source/remarks
egory
Lpps Leiontief coefficient for the pow-  Model- 0.5143 Calculated from Eq. (171)
ersector intermediate consumption  constrained
of the production products
Lpsp Leiontief coefficient for the produc- Model- 0.1014 Calculated from Eq. (172)
tion sector intermediate consump-  constrained
tion of the power products
Lpsps Leiontief coefficient for internal Model- 1.847 Calculated from Eq. (173)
intermediate consumption of the constrained
power sector
LEND Overall net lending - should equal ~ Model- 0 Calculated from Eq. (461)
0 by definition constrained
LENDgvyT Net-lending position of the GVT  Free -41.27 Taken from the ONS UK economic
sector (£ billion) accounts 2024
LENDgvTMm Model determined net-lending po-  Model- -32.42 Calculated from Eq. (308)
sition of the government sector (£ constrained
billion)
LENDgpg Net-lending position of the HH sec-  Free -0.471 Taken from the ONS UK economic
tor (£ billion) accounts 2024
LENDggMm Model determined net-lending po-  Model- -11.24 Calculated from Eq. (369)
sition of the HH sector (£ billion)  constrained
LEND), Overall model determined net Model- 5.44 Calculated from Eq. (460)
lending - should equal 0 by defini- constrained
tion
LENDypr Net-lending position of the MFI  Free -15.47 Taken from the ONS UK economic
sector (£ billion) accounts 2024
LEND v Model determined net lending of Model- 11.1 Calculated from Eq. (223)
the MFI sector (£ billion) constrained
LENDNEpc Net-lending position of the NFC  Free 14.29 Taken from the ONS UK economic
sector (£ billion) accounts 2024
LENDNpcMm Model determined net-lending po-  Model- 49.83 Calculated from Eq. (189)
sition of the NFC sector (£ billion)  constrained
LENDNMFEI Net-lending position of the NMFI  Free 66.38 Taken from the ONS UK economic
sector (£ billion) accounts 2024
LENDNwyrErvm  Model determined net-lending po- Model- -15.42 Calculated from Eq. (249)
sition of the NMFT sector (£ bil-  constrained
lion)
LENDpg Net-lending position of the power  Model- -7.37 Calculated from Eq. (115)
sector (£ billion) constrained
LENDR,w Net-lending position of the RoW  Free -16.09 Taken from the ONS UK economic
sector (£ billion) accounts 2024
LENDRow M Disposable income of the rest of Model- 10.96 Calculated from Eq. (416)
the world (£ billion) constrained
LEVNFC Leverage ratio of the NFC sector Model- 0.651 Calculated from Eq. (219)
constrained
LEVpg Leverage ratio of the power sector ~ Model- 0.3467 Calculated from Eq. (149)
constrained
LF Labour force (millions) Free 34.08 Taken from the ONS labour mar-
ket survey 2023
MAASApD g Maastricht debt adjustment to in-  Free -94.69 Calculated from past data
terest bearing liability stock of the
government sector
MCEgLEC Marginal cost of overall electricity  Model- 0.4365 Calculated from Eq. (92)
generation (£ bn/ TwH) constrained
MCpp Marginal cost of fossil fuel electric-  Model- 0.5868 Calculated from Eq. (91)
ity generation (£ bn/ TwH) constrained
NWgvr GVT net worth (£ billion) Model- -967.2 Calculated from Eq. (342)
constrained
NWunu HH net worth (£ billion) Model- 13110 Calculated from Eq. (401)
constrained
NWnNFrc NFC net worth (£ billion) Model- -489.9 Calculated from Eq. (218)
constrained
NWps Net worth of the power sector (£ Model- 48.12 Calculated from Eq. (148)
billion) constrained
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Symbol Description Variable cat- Initial value Source/remarks
egory
OCONSgvyT Other consumption of the Govern-  Free 58.03 Taken from the ONS UK economic
ment sector (£ billion) accounts 2024 by deducting gov-
ernment wages and gross operating
surplus from total government con-
sumption
OTgqQAHH Revaluations of equity assets of the = Model- 57.13 Calculated from Eq. (383)
HH sector (£ billion) constrained
OTgQANFC Revaluations of equity assets of the  Model- -42.8 Calculated from Eq. (198)
NFC sector (£ billion) constrained
OTEQANMFI Revaluations of equity assets of the  Model- 180.3 Calculated from Eq. (259)
NMFT sector (£ billion) constrained
OTrqgapPs Revaluations of equity assets of the  Model- -1.208 Calculated from Eq. (122)
power sector (£ billion) constrained
OTEQLNFC Revaluations of equity liabilities of  Model- 175.3 Calculated from Eq. (199)
the NFC sector (£ billion) constrained
OTEQLNMFI Revaluations of equity liabilities of ~ Model- 127.1 Calculated from Eq. (260)
the NMFTI sector (£ billion) constrained
OTgqLps Revaluations of equity liabilities of  Model- 4.948 Calculated from Eq. (123)
the power sector (£ billion) constrained
OTEQNRoW Revaluations of equity assets of the  Model- 114 Calculated from Eq. (425)
RoW sector (£ billion) constrained
OTrpacvT Revaluations of interest bearing as-  Model- -3.454 Calculated from Eq. (318)
sets of the GVT sector (£ billion)  constrained
OTrBAHH Revaluations of interest bearing as-  Model- -1.288 Calculated from Eq. (382)
sets of the HH sector (£ billion) constrained
OTipANFC Revaluations of interest bearing as-  Model- -0.5874 Calculated from Eq. (197)
sets of the NFC sector (£ billion) constrained
OTIBANMFI Revaluations of interest bearing as-  Model- -149.3 Calculated from Eq. (257)
sets of the NMFI sector (£ billion)  constrained
OTrBapPs Revaluations of interest bearing as-  Model- -0.01658 Calculated from Eq. (121)
sets of the power sector (£ billion)  constrained
OTiBAROW Revaluations of interest bearing as-  Model- 71.83 Calculated from Eq. (424)
sets of the RoW sector (£ billion)  constrained
OTigravT Revaluations of interest bearing li-  Model- 7.012 Calculated from Eq. (319)
abilities of the GVT sector (£ bil-  constrained
lion)
OTrprLuH Revaluations of interest bearing li-  Model- -0.567 Calculated from Eq. (386)
abilities of the HH sector (£ bil-  constrained
lion)
OTiBLNFC Revaluations of interest bearing li-  Model- 34.72 Calculated from Eq. (200)
abilities of the NFC sector (£ bil-  constrained
lion)
OTIBLNMFI Revaluations of interest bearing li-  Model- -63.68 Calculated from Eq. (258)
abilities of the NMFI sector (£ bil-  constrained
lion)
OTrgLPs Revaluations of interest bearing li-  Model- 0.9797 Calculated from Eq. (124)
abilities of the power sector (£ bil-  constrained
lion)
OTiNs Revaluations of insurance assets of  Model- 244.8 Calculated from Eq. (385)
the HH sector (£ billion) constrained
OTpENs Revaluations of pension assets of Model- 37.02 Calculated from Eq. (384)
the HH sector (£ billion) constrained
OTRESGVT Revaluations of residual financial —Model- -34.38 Calculated from Eq. (331)
instrument of the GVT sector (£ constrained
billion)
OTRESHH Revaluations of residual financial Model- -286.8 Calculated from Eq. (390)
instrument of the HH sector (£ bil-  constrained
lion)
OTRESNFC Revaluations of residual financial Model- -38.31 Calculated from Eq. (210)
instrument of the NFC sector (£ constrained

billion)
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Symbol Description Variable cat- Initial value Source/remarks
egory
OTRESNMFI Revaluations of residual financial Model- 371.4 Calculated from Eq. (271)
instrument of the NMFI sector (£  constrained
billion)
OTRESPS Revaluations of residual financial Model- 6.692 Calculated from Eq. (134)
instrument of the power sector (£  constrained
billion)
OTRESRoW Revaluations of residual financial Model- -0.8433 Calculated from Eq. (430)
instrument of the RoW sector (£ constrained
billion)
P GDP price deflator indexed at Q4  Model- 1.039 Calculated from Eq. (33)
2022 constrained
Pg Export prices Free 1.035 Taken from the ONS UK eco-
nomic accounts 2024 and nor-
malised around the initial condi-
tion
Prrec Price of electricity (£billion/TwH)  Model- 0.3198 Calculated by dividing implied
constrained prices to households and produc-
tion and taking the average
PrrLECLR Long run electricity price (£bn /  Model- 0.3198 Set equal to initial electricity price
TwH) constrained
Pgrs ETS Price £ bn/MtCO2e adjusted  Free 0.006662 Based on initial government in-
for 2024 pricing come from the ETS scheme in 2022
Pr Global Price index Free 1 Taken from world bank data
PruEL Price of fuel inputs to the power Model- 1 Calculated from Eq. (157)
sector constrained
Pcas Wholesale gas price in the UK Free 0.06182 From OBR estimates 2024
Py House prices (£ billion per million  Free 290.3 Taken as the average house price
houses) from the UK house price index
Py 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  Free 0.09337 Calculated by dividing total non-
(£billion/TwH) electric costs from DUKES table
1.1.6 by non-electric energy use
PyneLECT Non-electric energy price including  Model- 0.09374 Calculated from Eq. (69)
energy taxes (£ billion) constrained
Porr Wholesale oil price in the UK Free 0.05404 From OBR estimates 2024
Pp Production sector price level Model- 1.035 Calculated
constrained
PENS Total pension scheme stock - asset  Free 2594 Taken from the ONS UK blue book
of households and a liability of the accounts 2023 - converted to quar-
NMFT sector (£ billion) terly data using cubic spline inter-
polation
PENSApy Adjustment to pension entitle- Model- 21.44 Calculated from Eq. (248)
ments as defined within the SNA  constrained
(£ bn)
PENSR Income payable on pension entitle-  Free 21.39 Taken from the ONS UK economic
ments accounts 2024
PENSTR Total pension scheme stock net  Free 21.44 Taken from the ONS UK blue book
transfers - asset of households and accounts 2023 - converted to quar-
a liability of the NMFTI sector (£ terly data using cubic spline inter-
billion) polation
POP Total 16+ population (millions) Free 54.55 Taken from OBR data
TBOE Bank of England annual base rate  Free 0.0225 From Bank of England data
TBOEQ Quarterly Bank of England inter- Model- 0.005578 Calculated from Eq. (433)
est rate constrained
TIBAGVT rate of return on GVT interest Model- 0.006466 Calculated from Eq. (290)
bearing assets constrained
TIBAGVTLR Long run interest bearing asset in-  Model- 0.007632 Calculated from Eq. (441)
terest rates for the GVT sector constrained
TIBAHH rate of return on HH interest bear-  Model- 0.002509 Calculated from Eq. (344)
ing assets constrained
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Symbol Description Variable cat- Initial value Source/remarks
egory

TIBAHHLR Long run interest bearing asset in-  Model- 0.002509 Calculated from Eq. (443)
terest rates for the household sec-  constrained
tor

TIBANFC rate of return on NFC interest Model- 0.003204 Calculated from Eq. (175)
bearing assets constrained

TIBANFCLR Long run interest bearing asset in-  Model- 0.003204 Calculated from Eq. (435)
terest rates for the NFC sector constrained

TIBANMEI rate of return on NFC interest Model- 0.004994 Calculated from Eq. (240)
bearing assets constrained

TIBANMFILR Long run interest bearing asset in-  Model- 0.004289 Calculated from Eq. (439)
terest rates for the NMFI sector constrained

TIBAPS rate of return on PS interest bear-  Model- 0.003204 Calculated from Eq. (96)
ing assets constrained

TIBAPSLR Long run interest bearing asset in-  Model- 0.003204 Calculated from Eq. (437)
terest rates for the Power sector constrained

TIBLGVT rate of return on GVT interest Model- 0.01345 Calculated from Eq. (291)
bearing liabilities constrained

TIBLHH rate of return on HH interest bear- Model- 0.007475 Calculated from Eq. (345)
ing liabilities constrained

TIBLNFC rate of return on NFC interest Model- 0.006253 Calculated from Eq. (176)
bearing liabilities constrained

TIBLNMFI rate of return on NMFI interest Model- 0.005697 Calculated from Eq. (241)
bearing liabilities constrained

TIBLPS rate of return on PS interest bear- Model- 0.006253 Calculated from Eq. (97)
ing liabilities constrained

TIBNRoW rate of return on RoW interest Model- -0.01033 Calculated from Eq. (INTRgrow)
bearing assets constrained

TIBNRoWLR Long run net interest bearing asset ~ Model- 0.01436 Calculated from Eq.
interest rates for the RoW sector constrained (r1BARoWLR)

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

ket survey 2023
REER Real effective exchange rate Model- 1.035 Calculated from Eq. (415)
constrained

RESgvT Residual financial instrument of  Model- 197.9 Calculated from Eq. (332)
the GVT sector (£ billion) constrained

RESHH Residual financial instrument of Model- -319.2 Calculated from Eq. (391)
the H sector (£ billion) constrained

RESNFI Residual financial instrument of Model- -69.54 Calculated from Eq. (235)
the MFI sector (£ billion) constrained

RESNFpC Residual financial instrument of Model- -265.3 Calculated from Eq. (211)
the NFC sector (£ billion) constrained

RESNMFT Residual financial instrument of  Model- 262.7 Calculated from Eq. (272)
the NMFTI sector (£ billion) constrained

RESpg Residual financial instrument of Model- -7.486 Calculated from Eq. (135)
the power sector (£ billion) constrained

RESRow Residual financial instrument of  Model- 200.9 Calculated from Eq. (431)
the RoW sector (£ billion) constrained

RESTRgyT Residual financial  instrument Model- 33.6 Calculated from Eq. (312)
transfer of the GVT sector (£ constrained
billion)

RESTRpH Residual financial instrument Model- -0.5674 Calculated from Eq. (372)
transfer of the HH sector (£ constrained
billion)

RESTRMyFET residual financial instrument trans-  Model- -6.416 Calculated from Eq. (231)
fers of the MFI sector (£ billion) constrained

RESTRNFc Residual financial  instrument Model- -28.23 Calculated from Eq. (195)
transfer of the NFC sector (£ constrained
billion)

RESTRNMFI Residual financial instrument Model- -2.405 Calculated from Eq. (255)
transfer of the NMFI sector (£ constrained

billion)
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Symbol Description Variable cat- Initial value Source/remarks
egory
RESTRpgs Residual financial instrument Model- -8.569 Calculated from Eq. (119)
transfer of the PS sector (£ bil-  constrained
lion)
RESTRRow Residual financial  instrument Model- 12.58 Calculated from Eq.
transfer of the RoW sector (£ constrained (IBATRRow)
billion)
RoWpR Real RoW Demand Free 22.27 Taken from global output data
RPNFC Retained profits of the NFC sector  Model- 113.4 Calculated from Eq. (101)
(£ billion) constrained
RPpgs Retained profits of the power sec- Model- -5.217 Calculated from Eq. (101)
tor (£ billion) constrained
ru Rate of unemployment Model- 0.03725 Calculated from Eq. (46)
constrained
SAVyH Household savings (£ billion) Model- -27.88 Calculated from Eq. (356)
constrained
SOCB Total social benefits received by  Model- 103.5 Calculated from Eq. (349)
the Household sector (£ billion) constrained
SOCBgvT Social benefits paid by the Govern-  Free 82.8 Taken from the ONS UK economic
ment sector (£ billion) accounts 2024
SOCBNMFT Social benefits paid by the NMFI  Free 20.68 Taken from the ONS UK economic
sector (£ billion) accounts 2024
socc Total social contributions paid by  Model- 97.5 Calculated from Eq. (348)
the Household sector (£ billion) constrained
SOCCgavyr Social contributions received by  Free 55.38 Taken from the ONS UK economic
the Government sector (£ billion) accounts 2024
SOCCNMFT Social contributions received by  Free 42.13 Taken from the ONS UK economic
the NMFTI sector (£ billion) accounts 2024
SOCCRgvT Social contribution rate on govern-  Model- 0.152 Calculated from Eq. (292)
ment social contributions constrained
SPENDgvyT Total Government spending (excl.  Model- 161.6 Calculated from Eq. (299)
wages) constrained
u Rate of capital capacity utilisation  Free 0.815 Based on data from the directorate
General for Economic and Finan-
cial Affairs - 2021 and 2022 extrap-
olated
UpFF Utilisation of fossil based electric- Model- 0.3083 Calculated from Eq. (103)
ity capital constrained
UNFF Utilisation of non-fossil based elec- Model- 1 Calculated from Eq. (104)
tricity capital constrained
ups Utilisation of ovewrall electricity = Model- 0.5255 Calculated from Eq. (105)
capital constrained
uc Unit costs of the production mod-  Model- 0.8924 Calculated from Eq. (55)
ule constrained
w Total wages including mixed in-  Free 364.3 Taken from the ONS UK economic
come (£ billion) accounts 2024
Wprr Total private wages (£ billion) Model- 302.8 Calculated from Eq. (64)
constrained
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- 0.6233 Calculated from Eq. (58)
constrained
WR Overall wage rate (£ thousands) Model- 11.1 Calculated from Eq. (59)
constrained
WRpRr Private sector wage rate (£ thou- Model- 11.21 Calculated from Eq. (62)
sands) constrained
WRpuB Public sector wage rate (£ thou- Model- 10.6 Calculated from Eq. (63)
sands) constrained
YDgvr Government disposable income (£ Model- 107.9 Calculated from Eq. (273)
billion) constrained
YDpn Household disposable income (£ Model- 312.8 Calculated from Eq. (347)
billion) constrained
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Symbol Description Variable cat- Initial value Source/remarks
egory
YDnFco NFC disposable income (£ billion)  Model- 133.4 Calculated from Eq. (177)
constrained
YDNMFT NMFI disposable income (£ bil- Model- 9.106 Calculated from Eq. (239)
lion) constrained
YDpg Disposable income of the power Model- -4.651 Calculated from Eq. (98)
sector (£ billion) constrained
YPyy Household income from production ~ Model- 386.7 Calculated from Eq. (343)
(£ billion) constrained
YPnrco NFC income from production (£ Model- 152.6 Calculated from Eq. (174)
billion) constrained
Y Prow RoW income from production (£ Model- -8.568 Calculated from Eq. (402)
billion) constrained
QAFUELPS Technical coefficient for the power  Model- 0.1301 Calculated from Eq. (167)
sector intermediate consumption constrained
of fuel products
aopps Technical coefficient for the power  Model- 0.07051 Calculated from Eq. (168)
sector intermediate consumption constrained
of other production products
app Technical coefficient for internal Model- 0.2798 Calculated from Eq. (162)
intermediate consumption of the constrained
production sector (real terms)
appg Technical coefficient for the power  Model- 0.2006 Calculated from Eq. (158)
sector intermediate consumption constrained
of production products
apsp Technical coefficient for the pro- Model- 0.03955 Calculated from Eq. (154)
duction sector intermediate con-  constrained
sumption of the power products
apsps Technical coefficient for internal Model- 0.4474 Calculated from Eq. (165)
intermediate consumption of the constrained
power sector
BaocrFHH Estimate of initial proportion of  Free 0.14 Estimate based on ONS data and
home improvement spending on to generate the baseline scenario
energy efficiency
Bgvt Proportion of government green in-  Model- 0.04132 Calculated from Eq. (301)
vestment constrained
Bnfe Proportion of NFC green invest- Model- 0.04132 Calculated from Eq. (184)
ment constrained
BNFF Share of non-fossil fuel electrical Model- 0.5976 Calculated from Eq. (85)
energy in total electrical energy  constrained
production
Sk p Depreciation rate of Production Free 0.02149 Calculated from the ONS capital
sector capital stock tables 2023
OKPSFF Depreciation rate of power sector  Free 0.01227 Calculated from the ONS capital
fossil capital stock tables 2023
SKPSNFF Depreciation rate of power sector  Free 0.01227 Calculated from the ONS capital
non-fossil capital stock tables 2023
€ Energy intensity of production Model- 0.2312 Calculated from Eq. (2)
(TwH) constrained
A Labour productivity rate - GDP  Model- 17.14 Calculated using Eq. (39)
per employee constrained
o Mark up over unit costs for the do-  Model- 0.1704 Calculated from Eq. (54), floored
mestic production module constrained at 0.001 for log stability
v Capital productivity rate Model- 0.2101 Calculated from Eq. (40)
constrained
WELEC Emission intensity of fossil Model- 0.5098 Calculated from Eq. (17)
fuel electric energy production constrained
(MtCO2e/TwH)
WNELEC Emission  intensity of non- Model- 0.2944 Calculated from Eq. (16)
electric energy production  constrained
(MtCO2e/TwH)
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egory
0p Share of electric energy for produc-  Model- 0.171

tion in total energy for production
(TwH)

constrained

Calculated from Eq. (10)
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