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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 non-electric 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 +1.5 482 0
Dividends Paid to NMFIs -8.2 -0.2 +12.9 -4.5 0
Dividends Received from NMFIs +3.5 +40.1 -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 non-electric 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
non-electric energy use. This distinction is consistent with country-specific ecological models such
as EUROGREEN (D’Alessandro et al., 2020). Electricity refers to all energy drawn from the
electricity grid, whereas non-electric 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 non-electric 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 (F) is calculated as the sum of the energy use from production
(Ep) and the energy use from housing (Ep) (Eq.(1)). The energy use for production (Ep) is the
product of overall economic activity, represented by the real gross output of production (GOpp)
and the energy efficiency of production (e¢). The total use of household energy (Ep) is given by
the sum of household electricity use (Frrpcpm) and non-electric energy consumption (ExgrecH)-

Ey = Ep; + Eyy (1)
Ep; = €tGOPRt (2)
Eny = FgrLecut + ENELECH! (3)

The total electricity (EFrrpc) is the sum of the electricity for production (Frrpcp) and elec-
tricity for housing (Fprepcm) (9). The maximum electricity (Eprpomax) that can be generated
at an time is given as the sum of the nameplate output per unit of real capital of fossil fuel
and non-fossil fuel electricity capital (¢prr & ¢nFF), each scaled by its capacity factor (CFrp &
CFyrr) and multiplied by the respective real capital of fossil fuel and non-fossil fuel power capital
(Kpsrrr & Kpsnrrr) (Eq. (5)). In this context, the capacity factors capture several properties,
including the ratio of average to maximum electricity production (Bolson et al., 2022), technolog-
ical improvements to electricity production, the conversion between monetary capital value and
electricity 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 (24). 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

4Carnot efficiency refers to the theoretical maximum efficiency of a heat engine.
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fuel capital. This means that, as is common in the environmental literature (Hirth and Steckel,
2016), non-fossil fuel electricity production is more capital intensive than fossil fuel production.

Eerect = Eerecpt + EELECH! (4)

Eprecvaxt = ¢rrCFrrKpsrrre + ONFFCENFR(Kpsnrrre + KovrNFFRE) (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 (Eprpcnrr)
is equal to its maximum generation capacity (i.e. CFnprKpsyrprr) until the point where its
capacity is greater than the total electricity demand (Egrpc:) (Eq. 6). The constant opppc 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 (Eprpcrr) 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.

Eerecnrre = min(Eprectorrec, CENFRtKPSNFFRE) (6)

Eerecrrt = Ferect — EELECNFFt (7)

The demand for electricity from production (Errgcp) 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 (Hj) 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 Bprecrm reflects the proportion of use of electricity in non-fully electric houses®.
Egrecpt = 0piEpt (8)
Eprecnt = OurHy +0upnHene) BeLeca + O0uerHEER: 9)

SRelating to common electrical uses from household white goods etc.
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Domestic generation is not required to meet domestic electricity demand on its own. Desired
electricity demand (Egrpcp) is the sum of desired demand from production and from housing
(Eq. (10)), and a part of it is met by interconnector imports. A baseline share vprpcrmp of
demand is imported in all periods, reflecting the interconnector flows observed over the calibration
sample (Eq. (11)). Beyond that baseline, imports rise to cover any gap between desired demand
and what domestic capacity can generate (Eq. (12)). Domestic generation (Egrpcpon) is then
total electricity less the imported part (Eq. (13)), with imports allocated across the housing and
production legs in proportion to their demand.

This matters for the transition scenarios. Where a fossil generation ban removes capacity faster
than non-fossil capacity is built, the resulting gap is closed by imports rather than by rationing
electricity to production, which changes both the price of electricity and the emissions attributed to
the UK. When the import channel is closed the gap instead becomes an unmet electricity shortfall
(EprecsHoRrT), which is carried over into non-electric energy use in Eq. (17) and constrains real
output through Eq. (45).

10)
11)
12)
13)

Egrecpt = Ferecppt + FELEcH!
EerecivmpBaset = VELEcIMPEELECD:

Egrecivpt = Eeprpcivpase: + max(Egprecpt — EprecivpBase: — EELecmaxt, 0)

(
(
(
Egrecpomt = EgrLect — EpLecivpt (

Eprecsaorr: = max(Eprpcpt — EgLecmaxt, 0) (14)

Because imports are treated as firm supply alongside domestic fossil generation, two non-fossil
shares are defined. The total non-fossil share (Sypp) is given by Eq. (15), which counts baseline
interconnector imports as non-fossil supply, on the basis that the interconnector is predominantly
served by low-carbon generation; the gap-filling portion above the baseline is not counted, since it
stands in for fossil capacity. The non-fossil share of domestically produced power (Byrrponr) is
given by Eq. (16), calculated on domestic generation alone. Emissions from imported electricity are
excluded from the territorial total in Eq. (22), consistent with UK territorial emissions accounting.

Eprecenrre + min(Egrpcivpt, EELECIMPBASE?)

BNFFt = z (15)
ELECt
Egrecn
BNFFDOME = 7EELE il (16)
ELECDOMt

The nominal counterpart of these physical flows is a new electricity component of imports,
priced at a premium over the domestic fossil marginal cost and described with the rest of the trade
block in Section 3 under the rest of the world.

The total non-electric energy consumption (Exgrgc) is the sum of the non-electric energy
consumption related to production (Enxgrrcp) and the non-electric energy consumption related
to housing (Enxgrecm) (17). The demand for non-electric energy from production (Exgrrcp) 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 non-electric energy consumption of houses
(EnerecH) defined in Eq. (19) is calculated similarly to Eq. (9) with the remainder of inefficient
(Hy) and efficient non-electric (Hgy) energy demand being drawn from non-electric energy sources.
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Enerect = (Engrecpt + ENELECH?) (17)
Enerecpe = (1 —0py)Ept (18)

Enerecat = OurHp + 0uenHent)(1 — BeLECH) (19)

3.1.2. Emissions

The total greenhouse gas emissions (EMIS) are split into non-electric energy consumption
emissions (EMISNgrEc) and electricity emissions (EMISgrpc) (Eq. (20)). Non-electric energy
consumption emissions, which arise from entirely fossil fuel based non-electric energy use, are
calculated as the product of the non-electric energy consumption emission intensity (wygerLpc)
and total direct fossil energy consumption (Exgprpcte) (Eq. (21)). Electricity emissions are then
calculated as the product of the electricity emission intensity (wgprpc) and the provision of fossil
fuel-based electricity (Egrrcrr) (Eq. (22)).

EMIS; = EMISNELect + EMISELEC: (20)
EMISNELECt = WNELECtENELECH (21)
EMISgLEct = wELECtEELECFF! (22)

These equations are highly aggregated, so the model cannot look at changes within the non-
electric energy mix nor changes to the fossil fuel electricity energy mix. The latter is justified for
the UK somewhat by the dominance of gas generation and little scope to green fossil fuel electricity
production (aside from moving to non-fossil fuel sources). On non-electric energy 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 non-electric
energy use more explicitly. Therefore, for the purposes of this model, the aggregated form of non-
electric energy consumption and electricity emissions is sufficient and it is possible to implicitly
capture technological improvement through efficiency parameters, which will be described in the
next set of equations.

3.1.3. Ecological efficiency and technology

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

5For the importance of these processes in energy systems and renewable energy technologies, see Kahouli-Brahmi
(2009) and Tang and Popp (2016).
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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. (23)). 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. (24)). 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. (24) 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. (25)). The intensity of non-electric
energy consumption emissions (wygrpc) 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. (26)).” Finally, the emission intensity of electricity production (wgrpc) reduces
based on the ratio between non-fossil fuel and fossil fuel energy production(Eq. (27)). 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.

(]- + 771) : (emaz - 6min)

€ = Emin i (Kpar1/Kpci1) (23)

CPypr = CFyn + e — ) 21
Opr =1~ 1+ WBB—ng,;PZf1/Kpot1 (25)

WNELECt = Wnemin + L+ 74) - (Wnemaz — Wnemin) (26)

1 + mye(raKpci—1/Kpcor-1)

"This effect is however relatively small and there are only marginal reductions in non-electric 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 + 7I'5) : (Wemax - Wemin)
1 + msers(EeLecNFFri-1/EBLECFFI-1)

(27)

WELECt = Wemin +

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 (£ X P) minus imports (/M P) (Eq. (28)), with consumption
being the sum of household (CONSg ) and government (CON Sgyrt) consumption (Eq. (29))
and gross capital formation being the sum of the capital formation of households (GC Fyfr), non-
financial corporations (GCFypc), the power sector (GCFpgg), and the government (GCFgyr)
(Eq.(30)). 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, (
CONS; = CONSgpu: + CONSavr (29

(

(

GCF;, = GCFnFpct + GCFpgy + GCFEayre + GCFr e
GOy = GOpt + GOpgy

Including intermediate inputs to production.
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Real GDP (GDPg) is defined as real consumption (CON Sg), plus real gross capital formation
(GCFR), plus real exports (EX Pr) minus real imports (/M Pr) (Eq. (32)). Real consumption,
gross capital formation, and gross output are all defined as their nominal values divided by the
overall production price deflator (Pp) (Egs. (33), (34) & (35)). A point to highlight here is that in
general the model behavioural equations are presented in nominal terms and then converted to real
values through prices. There are several reasons for taking this approach; the first is pragmatic, the
“raw” national accounting data is nominal and requires the calculation of some deflator to convert
to a real series, this approach allows us to work more with actual observed data and rely less on price
calculations. However, there is also a theoretical reason to do this, based on the post-Keynesian
tradition, money is not neutral and nominal changes will impact real outcomes (Asensio et al.,
2012; Lavoie, 2014). This is particularly important for the implementation of supply constraints
in the model, where the distinction between nominal and real variables allows real variables to be
constrained through prices. This interaction facilitates a model that is demand-determined, in line
with post-Keynesian tradition, while also being supply constrained through prices, which better
reflects the structure of individual economies.

GDPRt:CONSRt‘FGCFRt*I*EXPRt*IMPRt (32)
N
CONSpy = CONS (33)
Ppy
GCFr = GCh (34)
Ppy
GO = 9 (35)
Ppy

Overall (quarterly) GDP growth (g) is then defined based on its change between period ¢ and
t—1 (Eq. (36)). While the overall GDP price deflator (P) is defined as the ratio between nominal
(GDP) and real (GDPg) GDP (Eq. (37)).

GDP;
gt = GTP,g,l (36)
GDP;
P =
' GDPg (37)

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 GDPr
as a Kaldor-Verdoorn relationship (Kaldor, 1975), while also including the growth of real produc-
tive investment (excluding housing investment) as an additional factor of productivity growth a
la Thirlwall (2007) (Eq. (38)). 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. (39)), this is a reasonable
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.
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ALN = agy + a1 A(L(GDPgrt)) + asyxA(L(GCFry — GCFypre))) (38)
AVt =0 (39)

Employing the Leontief-type production function for labour leads to the definition of total
employment (EMP) as equal to real GDP (GDPg) divided by labour productivity per worker
(Eq. (40)). 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. (41)).
The remaining employment is covered by the private sector such that private sector employment
(EM Pppy) is defined as total employment minus public sector employment (Eq. (42)).

DP,
Eump, = G0 (40)
Ay
LF,
EMPpyp: = L EMPpypi 1 (41)
LF;
EMPppy, = EMP, — EMPpyp; (42)

Now to define the supply constraint explicitly, real full employment GDP (G DPrrg)! is equal
to the total labour force (LF') multiplied by labour productivity (\) (Eq. (43)). Real full capital
utilisation GDP (GDPrrx)!! is equal to the total real productive capital (K pr) multiplied by cap-
ital productivity (v) (Eq. (44)). Taken together, these two constraints generate the maximum real
GDP (GDPgrarax) which is defined as the minimum of these supply constraints (Eq. (45)). 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: = MLF; (43)
GDPrrit = V1 Kpr: (44)
GDPryaxt = min(GDPrpgt, GDPrrit, GDPRrreLECt) (45)

Both the labour force (LF)!2 and the total population (POP) are driven exogenously based on
data from the Office for Budget Responsibility (OBR, 2025) (Egs. (46) & (47)). The employment
rate (re) is defined as the total number of people employed (EM P) divided by the labour force
(LF) (Eq. (48)) with the unemployment rate (ru) being defined as the remainder (Eq. (49)).
The capital utilisation rate (u) is then defined as the ratio between real GDP (GDPgr) and capital
determined maximum GDP (GDPgrrrk) (Eq. (50)).

LF; = grroBrLFi—1 (46)
POP, = POPophy (47)

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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_ EMP,

rer = LF, (48)
TUt = 1-— e (49)
GDPrg;
= 50
Ut GDPrri: (50)

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
(CONSgmp), the total consumption of the government (CONSgyr) and exports (EXP) (Eq.
(51)). The real final demand for production products (Fpg) is then given as the sum of the real
components of the final demand (Eq. (52)). The real gross output of the production (GOppg) 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. (53)). Nominal gross output from pro-
duction (GOp) is then derived by multiplying the real gross output of production (GOpg) by the

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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production price deflator (Pp) (Eq. (54)). Total input costs of the production module (COSTp)
are defined as the sum of total wages (W), indirect taxation on production (ITAXp), intermediate
consumption of production products (ICpp), intermediate consumption of power sector products

(ICpsp) which is predominately electricity used for production, and imports from the rest of the
world (IMP) (Eq. (55)).

Fpi = CONSpgppt + CONSqyr: + GCF, + EX P, (51)
Fprt = CONSyuprt + CONSavrrt + GCFre + EX PRy (52)
GOprt = LpptFprt + LppstFpsri (53)

GOp; = GOpRriPpy (54)

COSTp, = Wi + ITAXp; + ICpp; + ICpsp, + IMP, (55)

The production price deflator (Pp) is defined based on a simple mark-up (MU) over the unit
costs (UC) in the previous period (Eq. (56)).'> Unit costs (UC) are defined as the total nominal
cost of production divided by the real output of production (GOpgr) (Eq. (57)). The mark-up
(MU) itself varies according to the capital capacity utilisation rate (u) (Eq. (58)). 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.

Ppi = (1+ MU)UC,_, (56)
_ COSTp;

Ue = GOpry (57)

MUt = OpU UL (58)

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 (Wg) 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.
(59)). 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)

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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divided by the total number of employees (EM P) (Eq. (60)). 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. (61) & (62)).17

1

Wse = 1 4+ e~ (ows—cuwsrue) (59)
GDP,

WRy = Wsi 7 60

Ry St EMP, (60)

WRprit = BwrrriW Ry (61)
WRpupt = BwrrupW Ri—1 (62)
Wprit = W RpritEM Pprr (63)

Wpupt = WRpuptEM Ppypt (64)
Wi = Wprn + Wpupt (65)

Non-electric 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 non-electric energy consumption
(PNneLEC) is defined as a fixed mark-up over the prices of gas (Pgag) and oil (Porr), with the
proportion of these different fuels in the non-electric energy consumption mix being assumed to
remain constant during the simulation period (Eq. (66)). Gas and oil prices are assumed to
be based on global prices and are therefore exogenous to the model, growing according to OBR
forecasts (OBR, 2025). The price of non-electric energy consumption including taxes (PnvgrecT)
is given by adding the indirect tax per unit of non-electric energy (ITAXnErec/ENELEC) to the
non-taxed price of non-electric energy consumption (Eq.(66)). The price of fuel (Prygr) 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. (68)).
The total cost of non-electric energy (COSTNgLEc) is given as the price of non-electric energy
(PnerLEc) multiplied by total non-electric energy use (Engrec) (Eq. (69)). The real total cost
of all energy use in the economy, including energy taxes, is given as the sum of the cost of non-
electric energy (COSTNELEC), the total tax paid on non-electric energy use (ITAXNELEC), the
final consumption of electricity by households (CON Sy pps and the intermediate consumption of
electricity by the production module (ICpgp); all divided by the level of production price (Pp)
(Eq. (70).

Pxerect = ap(BpcasPaast + BoorPorrt) (66)
ITAX
Pyerectt = PNELECE + %ELECI& (67)
NELECt
Pryer: = apruerPaast (68)

"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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COSTNELECt = PNELECtENELECH (69)

COSTNeLEct + ITAXNELECt + CONSHEPSt + 1Cpspt
Ppy

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 (Knpc) and the government (Kgyr) (Eq. (71)).
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. (72) & (73)). Real
productive capital levels are defined similarly on the basis of the real NFC and government capital
stocks (Eqs. (74), (75) & (76)). The depreciation of productive capital (dxp), which is assumed
to be the same rate for NFC and government capital, is constant (Eq. (77)). As described in the
Energy Efficiency and Technology Section, the ratio between green and conventional capital is a
key driver of energy efficiency and emission reduction within the model. This follows the approach
of Dafermos et al. (2017) and means that decarbonisation requires a certain level of investment.
However, there is no explicit innovation process that governs energy efficiency, as is the case for
the EUROGREEN model (D’Alessandro et al., 2020).

COSTER: =

(70)

Kpi = Knret + Kavrt (71)
Kpat = Knreat + Kavret (72)
Kpct = Knroct + Kavrot (73)
Kprt = Knrort + Kgvrre (74)

Kpcri = Knreare + Kavrare (75)
Kpcre = Knroore + Kavrort (76)
O Pt = Okpe (77)

3.3.2. The power generation sector

The power generation sector is the other input output sector outside of the production sector
which is involved in the input-output system. This sector is defined as the industry ‘Electricity,
gas, steam and air conditioning supply (D.35)” in the ONS input output tables. The final demand
for products from the power sector, which is assumed to be completely electricity demand (Fpg),
is equal to the household consumption of electricity (CONSgpps) (Eq. (78)). The real final
demand for power sector products (Fpgg) is then given as the real value of household consumption
(Eq. (79)). 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. (80)). Nominal gross output of the power sector (GOpg) is
then derived by multiplying the real gross output of the power sector (GOpggr) by the price of
electricity (Prrec) (Eq. (81)). 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 (ICpps)'® 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.

(82)).

Fpst = CONSpnpst (78)

Fpspe = CONSuppsri (79)

GOpsrt = LpspiFprt + LpspsiFpsre (80)
GOpst = GOpsriPeLECH (81)
COSTpst = ITAXpst + 1Cppst + ICpspst (82)
GOSpst = GOpgy — COSTpg; (83)

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 domestic generation
(BNFFDOM), defined in Eq. (16), is used to split the sector’s costs and taxes between the two
technologies, since these are incurred on domestic generation only. The total operating cost for
non-fossil fuel energy production (COSTpgnrr) is defined as the total indirect taxes on non-
fossil fuel energy production (ITAXpsnyrr), 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 (Syrr) and the total depreciation of non-fossil fuel capital (0xpsKpsnrr) (Eq.
84). The total operating cost for fossil fuel energy production (COSTpsrr) is defined similarly
except all intermediate consumption for fuel production (ICryrrps) is attributed to fossil fuel
generation costs (Eq. (85)). The average costs of non-fossil (ACnpr) and fossil (ACrp) 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) (Eqs. (86) & (87)).

COSTpsnrrt = ITAXpsnrrt + (ICpspst + ICoppst)BNFFDOM-1 + Ok Pst Kpsnrri—1  (84)

COSTpsrrt = ITAXpsrri+ICrueLpsi+(ICpspsi+ICoppst)(1—BnFrpOME—1)+O0K PSt K PSFFt—1

(85)
COSTpsNFFt
AC = 86
NEEY ™ GOpsriBNFFDOME (86)
coOST
ACpp; = PSFFt (87)

GOpsri(1 — BNFFDOML)

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 Cpp) 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 COVgrsps Pers EMISEr po divided by the total fossil fuel electricity use Eprpcrr, where
COVgrsps 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. (88)).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!

Electricity prices in the model follow a stylised merit-order mechanism. Wholesale electricity
prices in the UK are driven by the marginal cost of the most expensive generating plant that is
dispatched, and they update every half hour through a continuous auction process. An important
consequence is that even when the grid on average still uses a significant portion of higher-cost
electricity, there can still be periods of lower demand in which the marginal cost is set by cheaper
sources such as renewables. A quarterly model cannot represent that half-hourly variation directly,
so the realised quarterly price is instead placed between a maximum and a minimum price that
bracket the range of marginal sources dispatched over the quarter.

The maximum price (Pgrrcomax) is set by whichever firm source is actually pricing at the
margin (Eq. (90)). When fossil-fuel electricity is required in the mix, the fossil-based electricity
price (Pgrrpcrr) tends to determine the maximum: it is a mark-up M Ugr g over the marginal cost
of fossil generation M Cpp, which is in turn driven by fuel costs and emission taxes. Electricity
import prices (Perpcrmp) can also set the maximum, which occurs when additional imported
electricity is required to meet domestic demand. Neighbouring electricity systems are not modelled
explicitly; the import price is therefore not derived from a foreign supply curve but is carried at an
exogenous premium gypsp over the domestic marked-up fossil price, covering interconnector losses
and trading and capacity costs.?? Each source enters the maximum only in periods in which it is
actually generating, and the minimum price is retained inside the maximum so that the ceiling can
never fall below the floor.

The minimum price (Pgrrcomin) is the average cost of non-fossil generation, ACnrr (Eq.
(89)). Since the marginal cost of non-fossil generation is effectively zero, a floor set on marginal
cost alone would be zero as well, which is not what a non-fossil system actually charges. The
majority of new non-fossil generation in the UK is remunerated through contracts for difference:
fifteen-year contracts, allocated by competitive auction, under which the government pays the
generator the difference whenever the wholesale electricity price falls below the agreed strike price.
Because the strike price is determined at auction, firms would be expected to bid each other down,
particularly as the number of non-fossil providers increases, but they would not submit a bid below
their own operating costs. We account for this mechanism by setting the minimum price equal
to the average cost of non-fossil production, which comprises non-fossil capital depreciation along
with operating costs in the form of the sector’s intermediate consumption excluding fossil fuel
consumption and indirect taxation, divided by non-fossil electricity output (Eq. (86)).

The realised price then moves between these two bounds as non-fossil penetration rises, with
the parameter pysprrcp governing the curvature of that transition (Eq. (91)). A value of one gives
a linear transition to the non-fossil floor; higher values keep the price near the fossil ceiling until
non-fossil penetration is well advanced, which reflects the fact that a marginal-pricing system passes
through the cost of the last unit dispatched. The share used here is Sy pr, which counts baseline

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.

2'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.

22This differs from treating the import price as a fixed exogenous level: because the premium is applied to the
domestic fossil price, imported power still moves with UK fuel costs and carbon prices. The premium itself is
exogenous and is varied in the sensitivity analysis.
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imports as non-fossil supply, so that displacing domestic fossil generation with interconnector
supply lowers the price rather than leaving it at the fossil ceiling. That the marginal source still
sets the price even when fossil generation is a small share of the mix is supported in the case of
the UK by Carbon Brief (2024), where the share of electricity 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. This formulation preserves the
property that electricity prices fall as the system decarbonises, while imposing a floor set by the
capital intensity of non-fossil generation and a ceiling that reflects import dependence during the
transition. The resulting electricity price determines household electricity expenditure and the
production sector’s intermediate electricity costs, ICpgp, which enter unit costs and pass through
mark-up pricing into the general price level. The implied system-wide marginal cost of electricity
(MCEgrrc), which is used elsewhere in the model, is recovered by stripping the mark-up back out
of the realised price (Eq. (92)).

ICruEeLPst + COVirspsiPersiEMISELEC:

MCFrr = T (88)

ELECFFt
Perecmint = ACNEFt (89)

Perecrri = MUgLEc M CFFy, Prrecivpt = oimpPPELECFF:

Perecmaxt = max(Pgrpomine UEpLecrre > 0 PeLecrrt, UEgLecivpt > 0) PELecivpt)
(90)
Prrect = Perecmine + (PeLecvaxt — Perecmine) (1 — Bnppe) M PRICE (91)

Prrect
MCgrLEct = 77— 92
' MUgrge (92)

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 (Eprecrr & Eprponrr) by their respective maximum output levels,
calculated by multiplying their capacity factors (C'F') by real capital levels (Kpsprr & Kpsnrrrt)
(Egs. (93) & (94)). Note that for non-fossil utilisation the denominator now includes government
non-fossil capital (Kgyrnrrr:) alongside power sector non-fossil capital. Overall power sector util-
isation is derived as current electricity demand Errpc divided by maximum electricity generation
Eprecmax (Eq. (95)).

B EgLECcFFt (93)
CFrrKpsrrre
EerLecNFFt
UNFFt = 94
‘T CF Nrrt(Kpsnrrre + KagvrNrrRe) (94)
FE

upgy = —ELECDOM? (95)

Errecmaxt

The power sector forms forward-looking expectations for the case where fossil fuel generation is
banned at a future period B. Expected utilisation at a horizon L (E(ups; 1)) is formed by holding
electricity demand and non-fossil capacity at their current values and replacing fossil capacity with
the level the sector expects to be permitted to operate. While the ban lies beyond the horizon this
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is the full fossil stock, so expected utilisation equals the current rate; once the ban falls inside the
horizon it is the permitted backstop capacity (Kpsrrrpackt), which raises expected utilisation
without making it unbounded (Eq. (96)). The backstop matters here: the sector anticipates a
small dispatchable fossil margin surviving the ban rather than the stock being retired outright.
When expected future utilisation values vary, the value of future utilisation is reduced by a
discount parameter ¢, in the spirit of the discounting of future values in Laibson (1997), to give
a weighted forward-looking utilisation rate (F(upg)), shown in Eq. (99). 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. Where CRED = 0 the sector is entirely
backward-looking and invests as though the announcement had not been made.

_ Egrect
E(upsi,) = _ (96)
orrCFrrKpsrrrir + ONFFCFENFr (Kpsnrrre + KovTNFFRE)

~ Kpsrrre if B>L+t
Kpsrprri,L = _ (97)

KpsrrrBackt it B< L+t

~ Kpsrrre if B>L+t
Kpsrrri,L = _ (98)

KpsrrrBackt if B <L+t

L T

F(upsi) = CRED - N Z5TE(UPSt+T) + (1 - CRED) - ups; (99)

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 (IBATS) and interest bearing liabilities (IBL"®) (Egs.(100)&(101)). 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. (102)). Note that 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. (103)). Dividends
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paid by the power sector are set as a fixed proportion of their gross output (Eq. (104)). This leaves
the retained profit of the power sector (RPpg), to be used for investment, as their disposable income
after accounting for dividend transactions (Eq. (105)).

INTRps; = ripapsiI BApsi—1 (100)

INTPpst = riprpsitI BLpsi—1 (101)

Y Dpg; = GOSpg; + INTRpsy — INT Ppg, (102)

DIV Rpg; = %EEQﬂ - DIV Pyyipny (103)
QLNMFI

DIV Ppsy = aprvppsGOps; (104)

RPpg; = Y Dps; + DIV Rpg; — DIV Ppg; (105)

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 wr, based on historical values, and will change their investment levels based on
their proximity to this target (Eq. (106)). For this equation, we use the forward-looking weighted
utilisation F(upg) described in Eq. (99). 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 (GCFpsprp) and non-fossil fuel (GCFpsyprp) based
on the desired proportion of non-fossil investment (propyrr) (Egs. (107) & (108)). The desired
proportion of non-fossil investment is driven primarily by the difference between profit rates of
non-fossil (rxnrr) and fossil (rxrpr) based capital (Eq. (109)).

GCF, GCF _
—Z=L9D = aygorps + aigornre(F(upsi—1) — ur) + asGorNFo— oDt (106)
Kpgi—1 Kpsi—2
GCFpsrrpt = (1 — propnrrt) GCFpspe (107)
GCFpsnrrpt = propnrriGCFpspy (108)
1
PrOPNFFt = (109)

(1 + e—(QpNFF+asNFF(TKNFFt—1—TKFFt—1 )))

Actual fossil fuel (GCFpspr) and non-fossil fuel (GCFpgnrr) 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. (110) & (111)). 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. (112)). Real gross capital formation levels are
defined by dividing the nominal gross capital formation by the production price deflator (Pp)
(Egs. (113), (114) & (115)). 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. (116)).
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GCFpsrrt = (1 — CRpsi)GCFpsrrpy (110)
GCFpsnrrt = (1 = CRpst) - GCFpsNFFDt (111)
GCFpsi = GCFpsnrr: + GCFpsrry (112)
GCFpsry = GCFpsprrs + GCFpsNFFRt (113)
GCF
GCFpsrrrt = # (114)
Pt
GCF
GCFpsNFFRt = # (115)
Pt
LENDpg, = RPpg; — GCFpg, (116)

Interest bearing (IBAT Rps) and equity asset (FQAT Rpg) transfers are assumed to equal a
fixed proportion of the gross output (GOpg) of the power sector (Egs. (117) & (118)). Equity
liability transfers (EQLT Rpg) equal a portion of the equity acquisitions of the NMFT sector which
is assumed to hold the counterpart equity assets to all equity liabilities within the model (Eq.
(119)). Interest bearing liability transfers (IBLT Rpg) serve as the residual stock transfer and
equal the net transfers of all other financial assets (Eq. (120)). The residual financial instrument
transaction of the power sector (REST Rpg) grows exogenously as a fixed proportion of GDP (Eq.
(121)).

IBATRpst = ajpapsGOpst (
EQATRps; = apgapsGOpsi (118

EQLTRps; = 0ps EQAT RN MFI (

IBLTRps; = (IBATRpg; + EQATRps; + RESTRps;) — (LENDpg; + EQLTRps:)  (
RESTRps; = npspGDPs (121

Other transfers, which include price revaluations and other changes in asset value, are driven in
a variety of ways within the model (Egs. (122) - (125)). Other transfers relating to interest-bearing
assets (OTrpaps) are assumed to follow a fixed exogenous rate, reflecting these assets include safe
assets such as deposits that do not vary significantly based on other model variables (Eq. (122)).
Other transfers relating to equity assets (OTggaps) are given as a portion of the other transfers
of NMFI equity liabilities (OTrganmrr) (Eq. (123)). 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. (124)).
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. (126)). The default rate of the power sector (DEFpg) is then proportional to the illiquidity
ratio (ILLIQpg) where higher illiquidity of the power sector leads to higher defaults (Eq. (127)).

OTipapst = 01paps(IBApsi—1) (122)
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EQApsi—1

oT, = —= =0T 123
EQAPSt = Bdps FOLnarpr O TEQINMEIL (123)
DIV P,
OTErqQrLpst = Pat — EQLpsi—1 (124)
TIBLGVTt + BEQLPS
OTrespst = Oresps(RESpsi—1) (125)
OTrprpst = —DEFpg - (IBLpsi—1) (126)
d
DEFpg; = €fmaa (127)

1 + defopgedefi—def2I LLIQpsi—1

The financial stocks of the power sector develop according to their respective financial transfers
and other transfers (Egs. (128) - (131)). Total financial assets and liabilities are defined in Egs.
(132) & (133). Financial assets minus liabilities give the power sector model determined financial
net worth (FNWpgyr) (Eq. (134)). The residual financial instrument develops similarly to other
financial assets (Eq. (135)) and is then added to the model determined financial net worth to give
the overall power sector financial net-worth FNWpg (Eq. (136)).

IBAps; = IBApgi—1 + IBATRps: + OT1papst (128)
IBLpst = IBLpsi—1 + IBLTRpst + OTipLpst (129)
EQAps; = EQApsi—1+ EQATRps; + OTggapst (130)
EQLpst = EQLpsi—1 + EQLTRpsi + OTgqLpst (131)
FApgsi = IBApsi + EQApst (132)

FLpst = IBLpst + EQLpst (133)
FNWpsyt = FApst — FLpst (134)

RESpsi = RESpsi—1+ RESTRps; + OTrespst (135)
FNWps, = FNWpsa + RESps (136)

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 (Kpsprgr) 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 (Eqgs. (138) & (144)). These stocks are summed
to give the overall real capital stock (Kpgr) of the power sector (Eq. (145)). Nominal capital
stock values are then calculated by multiplying real capital by the production price deflator (Egs.
(147) - (149)). Power sector net worth is defined as the sum of net financial and real assets (Eq.
(150)).

KpsrrrrreEt = (1 — 0k pst) Kpsrrri—1 + GCFpsrrre (137)
Kpsrrre = max(KpsprrrriEt — STRANDpsprre,0) (138)

Fossil power capital can be stranded, that is, written off before the end of its service life. Eq.
(137) gives the stock the sector would hold on depreciation and investment alone, and Eq. (138)
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nets off the capital stranded in the period. Stranding is driven by persistently low utilisation. The
capital required to deliver the previous period’s fossil generation, if that generation ran at a normal
operating rate upFsTRAND, 18 given by Eq. (139); anything held above that requirement is excess
capacity (Eq. (140)). Only excess that persists for more than one period is treated as genuinely
surplus, which prevents a single quarter of mild weather or weak demand from stranding capital
(Eq. (141)). A fraction Agrranp of that persistent excess is then written off each period (Eq.
(142)).

EegrLecFri—1

fpsPrRREQE= ¢prCFprupFSTRAND (139)
EXCESSkpsrrre = max(KpsprrrrEt — KpsrrrrEQH0) (140)
PERSISTypsrrm = min(EXCESSpsrrne, EXCESSkpsrrni—1) (141)
STRAN Dpsrrre = min(KpsrrrprEt; AsSTRANDPERSISTK psrrrt) (142)

Where a ban on fossil generation is announced for a future date, the write-off path is brought
forward so that capital above the permitted level is retired by the deadline rather than lingering
until utilisation falls; where the ban has already taken effect, the remaining excess above the
backstop is written off outright. The stranded capital is valued at current prices and charged
against the sector’s income, so stranding shows up as a financial loss for the power sector and not
merely as a smaller capital stock.

A ban on generation is distinct from a ban on investment. Once the generation ban binds,
only a backstop share of fossil capacity may dispatch, whatever stock physically remains: the fossil
capital entering maximum output in Eq. (5) is capped at the backstop level Kpsrrrpack, while
the stock itself continues to depreciate and strand as before. The backstop is defined in Eq. (143)
as the capacity needed to serve the share (1 — ogrrc) of domestic demand that non-fossil sources
are assumed unable to cover. Both the ban and the terminal stranding channel apply only where
the government is credible; where it is not, the sector continues to dispatch and invest as though
the announcement had not been made.

(1 - ogLECc)EELECDOME-1
¢rrCFRRrUFFSTRAND

KpsrrrRBACKt =

Kpsnrrre = (1 = 0k pst) Kpsnrrri—1 + GOFpsNFRRt
Kpsrt = Kpsrrrt + KpsNFFRt
dxpst = Ok pst—1
Kpst = Kpsnrrt + Kpsrrt
Kpsrrt = KpsrrriPpt
Kpsnrrt = KpsnrrriPpt
NWpsi = FNWps: + Kpsy (150

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. (151)). The illiquidity
ratio of the power sector (ILLIQpg) captures the ratio between cash outflows and cash inflows
for the sector (Eq. (152)). Note that the illiquidity ratio includes any subsidy payments received
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(SUBSpg) on the inflows side, reflecting that subsidies improve the liquidity position of the sector.
The debt-service ratio of the power sector (DSRpg) is the ratio of disposable income less depre-
ciation of capital and before interest payments to total interest payments (Eq. (153)). The level
of credit rationing (C'Rpg), 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. (154)). 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 = ——F5t (151)
Kpsy
INTPpgy + ITAXpsi + DIV Ppsy + dxpsiKpsi + STRAN Dpsrry
ILLIQpst =
+ ICppsi + ICpspst
(GOpst + INTRpsy + DIVRps; + EQLTRps; + IBLTRpsy + SUBSps;) (152)
INT Ppg
DSR = 153

P Y Dpsi + INT Ppg, (153)
CRpsi = CRpsi—1 + Acrprs (CRpg; — CRpsi—1) (154)

CRmaZL'
CRpg, = (155)

1+ rocrpge1crPs—r2crRPs DSRpsi—14r3crRps(CARMFI—1—CARMFImin)

3.3.3. 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. (156)-(161)). In particular, the technical coefficient governing
electricity use by production (apsp) decreases through lower energy intensity (€;) and increases
through greater electrification of production (6p) (Eq. (157)). The technical coefficient for fuel
input into electricity production (arpyrrps) is directly related to the share of fossil fuel electricity
production in the electricity generation process (Eq. (160)). 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).

appt = QpPLR
apspt = €0py
apspst = APSPSLR

@oppSt = XOPPSLR

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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arpveLpst = (1 — BNFFDOM-1)XFUELPSR (160)
PrugLt
Ppy
These technical coefficients are then used to calculate the intermediate consumption levels of

the sectors; inter-sectoral intermediate consumption is calculated in real terms and then converted
to nominal intermediate consumption through the respective product price (Egs. (162)-(170)).

QappsSt = AFUELPSt + aoppst (161)

ICpsprt = apsptGOppt (162)
ICruELPsRrt = aruELPsStGOPSR: (163)
ICoppsrt = aopprsiGOpsRry (164)
ICppt = appiGOpy (165)
ICpspt = ICpspriPELECH (166)
ICpspsi = apspsitGOpsi (167)
ICppsi = ICruELPst + ICopPst (168)
ICruEpLPst = ICFuELPSRPFUELt (169)
ICoppst = ICoppsrtPpt (170)

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?! (Eqgs: (171)-(175)).

detrar = ((1 — appi)(1 — apspst)) — ((appst)(apspt)) (171)
Lppt = (1;;};2350 (172)

Lppst = CO;;I;Z (173)

Lpspt = 32?1: (174)

Lpspst = “;egztm) (175)

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

24These equations describe a simple 2x2 matrix inversion.
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The primary income of non-financial corporations (Y Pypc) is the sum of the gross operating
surplus of the production module (GOSp), interest received (INTRynpc) minus interest paid
(INTPnFc) (Eq.(176)). The equations for interest payments are based on respective rates of return
on interest-bearing assets (I BAnrc) and interest-bearing liabilities (IBLypc) (Egs.(177)&(178)).
NFC disposable income (Y Dypc) is then given as primary income minus income tax (Eq.(179)).

Y Pypor = GOSpy + INTRyper — INT Pypey (176)
INTRyFpct = r1BaNFotl BANFCi—1 (177)
INTPNpot = r1BLNFotIl BLNFCt-1 (178)
YDnrcot =Y Pnrot — INTAXNFCt (179)

Dividends received by firms (DIV Rypc) are a proportion of the dividends paid by NMFIs
multiplied by the share of NFC equity assets (Eq. (180)). Dividends paid by firms (DIV Pypc)
are given as a fixed proportion of their disposable income (Eq. (181)). This leaves NFCs’ retained
profit (RPyrc), to be used for investment, as their disposable income after accounting for dividend
transactions (Eq. (182)).

EFQA
DIV Rypey = DantcEQANFC 1y p (180)
EQLNmFIt
DIV Pxrct = aprvenreY Dnrct (181)
RPNpct =Y Dnrer + DIVRNper — DIV Pypcy (182)

NFC gross capital formation demand (GCFnpcop) captures the desired investment level of
the firm sector (Eq. (183)). 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 (GCFnp¢) is subject to credit rationing where it is assumed that firms
seek finance to cover their desired level of investment and that only a portion of this finance is
provided based on the level of NFC credit rationing (CRypc) (Eq. (184)).

GCFNFcDt
Knrci—1

GCFNFcDi—1

183
Knrci—2 (183)

= apgerNFC + cigorNFe(Us — ur) + QeGoFNFC

GCFyrct = (1 — CRNpct)GCFNEeDt (184)

The NFC gross capital formation is divided between green and conventional capital, with £, .
representing the portion of the gross capital formation allocated to green capital. Green capital is

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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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 non-electric
energy consumption along with the total cost of energy relative to energy use (Eq. (185)). So,
the decision between green and conventional technologies is primarily based on relative costs along
with the overall cost of energy. The relative cost term that relates non-electric energy to electricity
prices uses a sigmoid function, in this case the hyperbolic tangent (Tanh) to reflect that the price
elasticity effect is unlikely to be linear, and as one energy price diverges significantly from the other
the impact on the proportion of green investment would be expected to decline. This ratio then
defines the level of green and conventional capital investment (Eqs. (186) & (187).

P, COSTERi—
Brfet = Qopetan e + Qipetan reTanh (P EY 4 aoperan o —— L (185)
Perpct Ei 1
GCFnrcat = BufeatGCFNFct (186)
GCOFnroct = GOFNpot — GCFyrcat (187)

The real levels of gross capital formation are then defined by dividing the nominal levels by the
production price deflator (Pp) (Egs. (188) - (190)).

GCFnrcrt = GCFyroare + GCFNFcoRe (188)
GCF
GCFNFoGRt = w (189)
Pt
GCF
GCFnFrccrt = %Cc}f (190)
Pt

Non-financial corporation model determined net lending (LENDypcar) is defined as their
retained profits less gross capital formation spending (Eq. (191)). The lending discrepancy is
driven exogenously as a portion of GDP (Eq. (192)) with the actual NFC net lending position
defined as the model determined net lending plus the lending discrepancy (Eq. (193)).

LENDNrcm: = RPyrot — GOFNECt (191)
DISCnrct = nnrerGD Py 1 (192)
LENDNpcot = LENDNpoye + DISCypot (193)

Interest bearing (I BAT Ry rc) and equity asset (FQAT Ry pc) transfers are assumed to equal a
fixed proportion of the gross output (GOp) of the production module (Eqgs. (194) & (195)). 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
(Eq. (196)). Interest-bearing liability transfers (IBLT Rypc) serve as the residual stock transfer
and equal the net transfers of all other financial assets (Eq. (197)). The residual transaction of the

financial instruments of the NFC sector (REST Rypc) grows exogenously as a fixed proportion of
GDP (Eq. (198)).

IBATRNFct = arpanrcGOpy (194)
EQATRNFct = apanrcGOpt (195)
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EQLTRNrpct = (1 — 0p5) (EQATRNMFIL) (196

)
IBLTRNpct = (IBATRypcot + EQATRyrpc: + RESTRNpcot) — (LENDynpor + EQLTRNpet)
(197)
RESTRNFCt = ﬁNFCBGDPt—l (198)
Other transfers, which include price revaluations and other changes in asset value, are driven
in a variety of ways within the model (Eqgs. (199) - (204)), similar to the power sector. Other
transfers relating to interest-bearing assets (OT;panpc) 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. (199)). Other transfers relating to equity assets (OTgganrc)
are given as a portion of the other transfers of NMFI equity liabilities (OTrganmrr) (Eq. (200)).
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. (201)). 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. (202)). 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. (203)).

OTrpanrct = 61Banrc(IBANFci—1) (199)
OTgganrct = OTeqrnyrre — (OTgQanm: + OTEQaPst) (200)
DIV Pype
OTrQLNFCt = NEC — EQLNFct—1 (201)
riBLavTt + BEQLNFC
OTipinrct = —DEFNpct - IBLNFCi-1 (202)
d
DEFypo: = €/ maz (203)

1 + defonpoedef1—def2lLLIQNFCt—1

OTresnrct = OresNFe(RESNFCt—1) (204)

The financial stocks of the NFC sector develop according to their respective financial transfers
and other transfers (Egs. (205) - (208)). Total financial assets and liabilities are defined in Egs.
(209) & (210). Financial assets minus liabilities give the NFC sector model determined financial
net worth (FNWyxgen) (Eq. (211)). The residual financial instrument develops similarly to other
financial assets (Eq. (212)) and is then added to the model determined financial net worth to give
the overall NFC sector financial net-worth FNWype (Eq. (213)).

IBANpct = IBANpci—1 + IBATRypcot + OT1BaNFCy (205)
EQANFct = EQANFot—1 + EQATRNpct + OTEQANFCH (206)
IBLyrct = IBLNpct-1 + IBLTRypet + OTipLNFot (207)
EQLNrot = EQLNFct—1 + EQLTRypey + OTeQLNFCH (208)
FANrct = IBANFpot + EQANFcy (209)
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FLypot = IBLyrpct + EQLNFot (

FNWNromte = FANFor — FLNFCt (
RESNpct = RESNpct-1 + RESTRyFpet + OTRESNFCH (212

FNWyNpct = FNWyromt + RESNFct (

The capital stock of the NFC sector is split into conventional and green capital stock. The
real value of conventional (Kyrccr) and green (Kypogr) capital are increased through real gross
capital formation, while a portion of the previous period’s real capital stock is lost to depreciation
(Egs. (214) & (215)). These stocks are summed to give the overall real capital stock (Kypcr) of
the NFC sector (Eq. (216)). The nominal capital stock values are then calculated by multiplying
the real capital by the production price deflator (Egs. (217) - (219)). NFC sector net worth is
defined as the sum of net financial and real assets (Eq. (220)).

Knrocre = (1 = 0xpt) KNFocri—1 + GOFNFCCoR: (214)
Knreart = (1 — 0xpt) Knrecri—1 + GCFNEFeGRt (215)
Knrort = KNrocrt + KNFOGRE (216)

Knrcot = Knroct + KnFoat (217)

Knroct = KNFocortPpy (218)

Knroat = KNroGrtPpt (219)

NWnrct = FNWNrot + Knrot (220)

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. (221)). The illiquidity
ratio of the NFC sector (ILLIQNFc) captures the ratio between cash outflows and cash inflows
for the sector (Eq. (222)). 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. (223)). The level of credit rationing (CRyFc¢),
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. (224)). Therefore, as with the power sector, credit is constrained
both when firms lack sufficient income to cover their interest payments and also when MFIs (i.e.
the traditional banking sector) financial position worsens.

IBL
LEVNpct = KiNFCt (221)
NFCt

+ IBATRNFcor + EQATRNFCt
(GOSPt + INTRNpct + DIVRNpco: + EQLT Rypot + IBLTRNFCt) (222)

INTPypct + INTAXNFct + DIV Pnpor + GCFnror + Okt KNt
ILLIQNFCt =

INTPNFct
DSR = 223
NECY ™ Y Dyrpet + INT Pypcy (223)
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CRnrct = CRnpot—1 + Acrnre (CRypey — CRNFCE-1) (224)
CRmCLZE

1 + rocpNpoeMCRNFC—T20RNFCDSRN pot—1+73cRNFC(CARMPIi—1—~CARMF Imin)

CRyror = (225)

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. (154)
& (224). Therefore, banks are not simply intermediaries of loanable funds, consistent with the
arguments of Jakab and Kumhof (2018), and the MFI sector creates money endogenously when
it provides loans to the rest of the institutional sectors, consistent with post-Keynesian theory
(Lavoie, 2014).

For MF1Is, the model net lending position (LEN Dysrrar) is the net of interest received by MFIs
(INTRppr) and interest paid by MFIs (INT Pyrr) (Eq.(226)). MFI interest received and paid is
the sum of respective rates of returns and stock levels (Egs.(227)&(228)). The lending discrepancy
is driven exogenously as less the sum of all the other exogenously driven discrepancies within the
model (Eq. (229)) with the actual MFI net lending position defined as the model determined net
lending plus the lending discrepancy (Eq. (230)).

LENDyrive = INTRypre — INTPypre (226)
INTRy s = INTPNypoyr + INTPpgy + INTPyyrne + INT Poyry + INT Py (227)
INTPypr =INTRNpot + INTRps + INTRyype + INTRayr: + INT Ry + INT Niow

(228)
DISCypre = —(DISCnFpey + DISCnyrre + DISCayre + DISCrip + DISCrowt) (229)
LENDr1; = LENDypive + DISCrrr (230)

The total MFI financial assets (FAjrpr) are given as the sum of all other sectors’ interest-
bearing liabilities, while the total MFT financial liabilities are given as the sum of all other sectors’
interest-bearing assets (Egs. (231) & (232)). Financial assets minus liabilities give the MFT sector
model determined financial net worth (FNWirrrar) (Eq. (233)). The residual financial instrument
is given as less the sum of all the other residual financial instruments in the model?® (Eq. (234))
and is then added to the model determined financial net worth to give the overall MFI financial
net-worth FNWypr (Eq. (235)).

FAyrre = IBLnpcet + IBLpsi + IBLyyvpre + IBLgyryvrerne + IBLype + IBLow:  (231)

FLyrre = IBANFct + IBApsi + IBANyvFEe + IBAgvTe + IBApa:e + IBARowy (232)
FNWyrivme = FAyvrre — FLyrn (233)
RESyE = —(RESHHt + RESNpcot + RESNyre + RESps: + RESgyT: + RESROWt) (234)

2680 the MFTI sector is the counterpart to all residual financial instruments by assumption.
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FNWyrrne = FNWyrive + RESyEnR (235)

The MFI sector holds a simple regulatory capital position, which feeds back into the credit
rationing of the power sector and NFCs. Risk-weighted assets (RW Ajrpr) are the sector’s loan
exposures to each borrowing sector, each weighted by a Basel-style risk weight rw (Eq. (236)). Only
positive exposures enter, so a sector in a net asset position does not reduce the capital requirement.
Regulatory capital (CAPypr) is the MFI sector’s financial net worth plus a reconciliation stock
(CAPpasemrr) that bridges the national-accounts measure of net worth to the regulatory capital
base; this stock is held constant in real terms and therefore grows with the general price level (Egs.
(237) & (238)).27 The capital adequacy ratio (CARyp;) is then regulatory capital relative to
risk-weighted assets (Eq. (239)). As this ratio falls towards its regulatory minimum C' ARy prmin,
banks ration credit more tightly through Eqgs. (154) & (224), so that losses on loans to one sector
tighten credit conditions for the other.

RW Aypre =Y rwinrr max(IBLy,0), i € {NFC,PS,NMFI,HH,GVT} (236)
B Ppy
CAPpasEmrrt = CAPBASEMFIE—1 Fz (237)
Pr—1
CAPyrr = CAPasEmrEre + FNWrrr (238)
CAPyFI
CAR = — 239
MEIS A (239)

3.4.83. 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.

NMFTIs disposable income (Y Dyarrr) is defined as the sum of their interest and dividend
receipts minus their interest and dividend payments (Eq. (240)). The interest received and the
interest paid are equal to the sum of the relevant rates multiplied by the associated stock values
(Egs. (241) & (242)). NMFI dividends received are equal to the sum of the dividend payments of
the other model sectors as it is assumed that the NMFI sector is the destination of all dividend
payments and the source of all dividend flows (Eq.(243)). The dividends paid by NMFIs are
then given as a fixed proportion of their available net-income prior to dividend payments, where
(aDIVPNMFI) is between 0 and 1 (Eq. (244)).28

2"The bridge is additive and calibrated so that the opening ratio matches the observed UK banking-system capital
ratio. It reflects the fact that regulatory capital and national-accounts net worth are not the same measure.
28This approach will inevitably lead to overestimating dividend flows to and from NMFIs. However, the net flows
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YDnyrre = UINTRynyrer + DIVRNvrn) — UINTPyyrre + DIV Pyarre) (240)

INTRNmFre = riBaNMFItI BANMFI—1 + TiBLovri] BLavrNmF—1 (241)
INTPNyrpre =r1BoNMEitl BLN MF-1 (242)

DIVRynyER = DIV Pnpor + DIV Ppgy (243)

DIV Pyyrre = aprvenmr(DIVRyypr + INTRyyrre — INT Py yvrre) (244)

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
pensions and insurance assets (Eqgs. (245) & (246)).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 (SOCCnasrr) are then equal to the investment income from pensions plus a
proportion of household wage income (Eq. (247)). 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. (248)). The pension adjustment (PENS4py) is defined as
the net social contribution minus social benefit of the NMFI sector (Eq. (249)).3°

PENS;_1
PENSR; = YD _1- 245
¢ = apPENSRY DNMFI-1 - pre—— e (245)

INS;_4

INSR; = YD _1- 246
v = aNsRY DNMFR-1* e — e — (246)
SOCCNyrre = PENSR: + asocew Wi (247)
SOCBNMFrt = asocBPENSPENSi—1 (248)
PENS spj: = SOCCNyMEI: — SOCBNMFETE (249)

NMFTI model determined net lending (LENDyasrrar) is defined as their disposable income
and net flows related to pension and insurance schemes (Eq. (250)). The lending discrepancy is
driven exogenously as a portion of GDP (Eq. (251)) with the actual NMFI net lending position
defined as the model determined net lending plus the lending discrepancy (Eq. (252)).

LENDNyrEive =Y Dynyrere —INSR; — PENSR; + SOCCNyER — SOCByyE: — PENSAD gt
(250)

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.

21t 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.

30This 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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DISCyyrre = anmrirGD P (251)
LENDNyrEre = LENDNyprve + DISCyyvprn (252)

Interest bearing asset transfers (IBATRyjrr) are set exogenously as equal to a fixed pro-
portion of gross output (GO) (Eq. (253)). Equity liability transfers (EQLT Ryasrr) 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. (254)), 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 Ry Fr)
are then equal to a fixed proportion of the equity liability transfers (Eq. (255)). Interest-bearing
liability transfers (IBLT Ry rr) serve as the residual stock transfer and equal the net transfers of
all other financial assets (Eq. (256)). The residual financial instrument transaction of the NMFI
sector (RESTRNp 1) grows exogenously as a fixed proportion of GDP (Eq. (257)).

IBATRNMFr = arBanmriGO; (253)
EQLTRNyr = EFQATRNpe: + EQATRps; + EQAT Ry + EQNT Rprow: (254)
EQATRNyvFrre = YEQNMFPIEQLT RN v FIe (255)

IBLTRNmrre = IBATRNyrprn + EQATRNypre + IBLTRagyrnyvrene + RESTRNvFr)
— (LENDNMFH + BEQLTRNyp: + PENSTR, + INSTRt) (256)

RESTRNyvE: = MNMFIBGD Py (257)

Other transfers, which include price revaluations and other changes in asset value, are set
mainly as exogenous rates for the NMFT interest-bearing assets, liabilities and the residual financial
instrument (Eqgs. (258) - (260)). Other transfers related to equity assets (OTgganmrr) are
defined based on the other transfers of equity amongst the other sectors in the model (Eq. (261)).
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. (262)). 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. (263) & (264)).

OTrpanmrrt = 01BANMFIIBANMFI -1 (258)

OTrerNnmrErt = 0rBLNMFIIBLNMEI—1 (259)

OTresNMFIt = ORESNMFIRESNMFI—1 (260)

OTgganmrre = OTeqrnrct + OTEQLpst (261)
DIV P,

OTgQLNMFIE = NI —EQLNMFI—1 (262)

rIBLGVTt + BEQLNMFT
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OTpenst = (OTipanmrre + Breravrnvrr OTisravre + OTpQan M
PENS;_1

- 0T - 0T . 263
IBLNMFIt EQLNMFIt) PENS, 1 INS (263)
OTinst = (OTipanmrre + Bieravrnvrer OTipravre + OTEQaNMFI
INS,;_
— OTrgnmrre — OTEQLNMFI) - - (264)

PENS;—1+ INSi1

The financial stocks of the NMFT sector develop according to their respective financial transfers
and other transfers (Eqs. (265) - (268)). Total financial assets and liabilities are defined in Eqs.
(269) & (270). Financial assets minus liabilities give the NMFT sector model determined financial
net worth (FNWnyrrv) (Eq. (271)). The residual financial instrument develops similarly to
other financial assets (Eq. (272)) and is then added to the model determined financial net worth
to give the overall NMFT financial net-worth FNWyrr (Eq. (273)).

IBANyF = IBANMF-—1 + IBAT RNy + OTipanyrr (265)
EQANMF = EQANMFEI—1 + EQATRNvFpr + OTEQANMFIL (266)
IBLNyFre = IBLNyFpr—1 + IBLT RNy + OTigLN v (267)
EQLNyr = EQAnm: + EQANFct + EQApsi + EQNpgowt (268)
FANyrr = IBAyyrne + IBLavrnyrn + EQANMFT (269)
FLyyrr = IBLyyrn + EQLyyFr + PENS; + INS; (270)
(271)

(272)

(273)

FNWnyrive = FANvrere — FLNMET
RESNyrre = RESNvF—1 + RESTRNvEn + OTRESN MFIE
FNWNyvrere = FNWNyvrerve + RESNvFn

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.(274)). 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 (GVTrLecs),
multiplied by the gross operating surplus of the power sector (GOSpg). The total indirect tax
receipts (IT AX) are equal to the indirect taxes on production (ITAXp) and indirect taxes on the
power sector (ITAXpg). The indirect tax on production is then defined as the indirect tax rate
multiplied by gross output plus environmental taxes linked to non-electric energy consumption
emissions (/TAXnyerec) (Eq. (276)). Non-electric energy consumption taxes are equal to the
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coverage of the carbon pricing scheme (COVgrsp))3! multiplied by the emission trading scheme
(ETS) carbon price (Pgrs) all multiplied by the total direct emissions in the economy3? multiplied
by the emission trading scheme (ETS) carbon price (Pgrg) all multiplied by total non-electric
energy consumption emissions (Eq. (277)). The indirect tax rate on production (ITAXRp) is
assumed to tend to a set long-run value based on the adjustment speed (74,¢)%* (Eq. (278).

YDGVTt = (ITAXt + INTAXt + SOCCGVTt + INTRGVTt) — (SOCBGVTt + INTPGVTt) (274)

ITAX, = ITAXp; + ITAX pg, (275)

[TAXp; = ITAXRp,GOpy + ITAXnpLEcH (276)
ITAXNELECt = COVETspPersitEMISNELEC (277)
[TAXRp; = ITAXRpy_y — 79t (ITAXRpy_y — ITAX Rp) (278)

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. (279)). 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 (74.,:) (Eq. (280)). The baseline carbon price
of the emission trading scheme (Pgryg) is set to follow a baseline path where it increases marginally
over the period (Eq. (281)). This carbon price can be set higher by the government in different
scenarios.4

ITAXps; = ITAXRpsiGOpst + COVirspsitPerst EMISELEct (279)
ITAXRps; = ITAX Rpsi—1 — myu(ITAX Rpsy—1 — ITAX Rpsir) (280)
Prrsi = PETSRBt (281)

Income tax receipts (INTAX) are defined as the sum of income tax from non-financial corpo-
rations (INTAXnrc) and households (INTAX ). Both income taxes are modelled as a fixed
proportion of the wage bill (Egs. (283) & (284)). The respective income tax rates are assumed to
tend to set long-run values based on the adjustment speed (74.:) (Egs. (285) & (286)).

INTAX; = INTAXNpct + INTAX gy (282)
INTAXypee = INTAX Ryrei W (283)
INTAX g = INTAX Ry Wy (284)

31This is assumed to be constant in the baseline scenario

321t is assumed that the carbon tax for household non-electric energy use is attributed to the production sector
and then passed in through higher prices.

33This 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.

34The 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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INTAXRypey = INTAXRypoi-1 — g (INTAXRypei—1 — INTAX Ryporr)  (285)
INTAX Ryrpgy = INTAX Rpgpe 1 — Tyot(INTAX Ryrpry 1 — INTAX Rippr) (286)

The equations for government interest payments are based on respective rates of return on
interest-bearing assets (IBAgyr) and interest bearing liabilities (IBLgyr) (Egs.(287)&(288)).
Social contributions that households pay to the government (SOCCgyr) are treated as an addi-
tional income tax taken from overall wages (Eq. (289)). The social contribution rate is assumed
to tend to a set long-run value based on the adjustment speed (74,¢) (Eq. (290)). 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. (291)).

INTRgvT: = ripacvril BAgyTi—1 (287)

INTPgvr: = ripravril BLgvri—1 (288)

SOCCayri = SOCC Ry Wi (289)

SOCCRgyTi = SOCCRavTI—1 — Tgvt(SOCCRGVTt_l — SOCCRgyTLR) (290)
SOCBgvTt SOCBgvTi—1

— et A 291

GDP, apSOCB + 01S0CB GDP. + aasocBTUL (291)

Consumption of the government sector (CONSgyr) is the sum of public wages (Wpyp)3®
and other government consumption (OCONSgyr) (Eq. (292)). Other government consumption
(OCON Sgyr) is assumed to follow an exogenous path based on nominal GDP (Eq. (293)). Gov-
ernment gross capital formation (GCFgy ) is discretionary government spending and is assumed
to follow a baseline path based on OBR estimates (Eq. (294)). As with the NFC sector, government
gross capital formation is divided between green and conventional capital, with 34,: 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. (295)). This ratio then defines the
level of green and conventional capital investment (Egs. (296) & (297)). 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. (298)).

CONSgvr: = Wpypt + OCON Syt (292)
OCONSgvre = aoconsavrGD P (293)
GCFgyri = GCFGyTBASE (294)
Bovtt = Bufet (295)

GCFavrat = Bt GCFave (296)
GCFgyrot = GCFavr — GCFavrat (297)

35In national accounting public wages are recorded as consumption of the government sector.
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Kevrnrrre = (1 = 0xpst) Kavrnrrri—1 + GCEGvTNFFR (298)

The government can own power-generating capital directly, rather than only subsidising private
investment in it. Green public spending on the power sector (SPEN Dgyrps) is switched on by a
scenario and continues while the non-fossil capacity ratio €2 remains below a threshold onrrcap,
after which it tapers rather than paying out indefinitely (Eq. (300)). Where the government builds
capacity itself, this spending accumulates into the government’s own non-fossil capital stock in Eq.
(298) and that capacity generates alongside privately owned capacity in Eq. (5). Where instead
the same spending is routed as a subsidy, it enters the power sector’s income in Eq. (?7) and
crowds out private non-fossil investment at rate COnpp.

The government’s claim on power-sector operating surplus (GVTgrrcs) is its share of domestic
generating capacity, capped at one (Eq. (302)). This is the return on public ownership: as the
public stock grows, a larger share of the sector’s operating surplus accrues to the government rather
than to private shareholders, and it can be reinvested.

ONFFOFNFRi—1(KpsnFFRi—1 + KGVTNFFRE-1)

ONFF: = i (299)
ELECt—1

SavrprsPpi + REINVpg, if Qnprt < ONFFCAP

SPENDgyrps: = (300)
0.9SPENDcyvTpsi—1 otherwise
CF K K
Q, — ONFFCFNFri(Kpsnrrrt + KavrNFFRE) (301)
Eerect
K CF
GV Terpes = min (1’ GVTNFFRtONFF NFFt) (302)
ErrLecpomt

Green public investment can be financed with a dedicated instrument. Green sovereign bonds
(IBLgvrnmria) are issued to the NMFI sector and accumulate in the usual way from their
net transactions and revaluations (Eq. (303)). Their rate (riprevrymric) is set as a share
shravrNMFIG of the spread between the conventional government borrowing rate and the policy
rate (Eq. (304)), so that a value of zero prices green bonds at the policy rate, giving the government
a funding advantage on green spending, while a value of one prices them identically to conventional
gilts.

IBLgyrnmrict = IBLgyvrnyvrici—1 + IBLTRovrnvmrice + OT1BLGvTNMFIGH (303)

TIBLGVTNMFIGt = ShravrNmrIc(TIBLGVTE — TBOEQt) + TBOEQt (304)

The real levels of government consumption and gross capital formation are then defined by
dividing the nominal levels by the production price deflator (Pp) (Egs. (305) - (308)).

N
CONScvrR: = CONSgvre (305)
Ppy
GCFovrre = GCFovrare + GCFgyrere (306)
GCF,
GCFevram = ——5 " (307)
Pt
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GCF,
GCFayrop = —— 5+ (308)
Pt

The government model determined net lending (LEN Dgyrar) is defined as their disposable
income less consumption, gross capital formation, and any subsidy spending (SUBSgvr:) (Eq.
(309)). The lending discrepancy is driven exogenously as a portion of GDP (Eq. (310)) with
the actual government net lending position defined as the model determined net lending plus the
lending discrepancy (Eq. (311)).

LENDgyrmt =Y Davre — (CONSgvre + GCFgyr: + SUBSgvTt) (309)
DISCavre = navrrGD P (310)
LENDqyr: = LENDgyvry: + DISCovre (311)

Interest bearing asset transfers (IBAT Rgyr) are assumed to equal a fixed proportion of the
gross output (GO) (Eq. (312)). Interest bearing liability transfers (IBLT Rgyr) serve as the
residual stock transfer and equal the net transfers of all other financial assets (Eq. (313)). 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 (314)-(316)). The residual financial instrument transaction of the
government sector (REST Rayr) grows exogenously as a fixed proportion of GDP (Eq. (317)).

IBATRGvT: = arpacvrGOy (312)

IBLTRgyr: = IBAT Ry + RESTRGvT: — LEN Dovyry (313)
IBLTRavrmrie = Bisravrmril BLT Rayry (314)
IBLTRavrnmrn = Bisrevrnmril BLT Rayry (315)
IBLTRGgvrrowt = Bieravrrow IBLT Ryt (316)
RESTRgyTt = navrsGDP, 1 (317)

Other transfers, which include price revaluations and other changes in asset value, are set as
exogenous rates for the government sector (Egs. (318) - (320)).

OTrpacvrt = 0rpacvr(IBAgyTi—1) (318)
OTreravrt = dreravr(UBLgvTi—1) (319)
OTrescavrt = Oresavr(REScvTi—1) (320)

The financial stocks of the government sector develop according to their respective financial
transfers and other transfers (Egs. (321) - (325)). Total financial assets and liabilities are defined in
Egs. (326) & (327). Financial assets minus liabilities give the government sector model determined
financial net worth (FNWgavrar) (Eq. (328)). The residual financial instrument develops similarly
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to other financial assets (Eq. (329)) and is then added to the model determined financial net worth
to give the overall government sector financial net-worth FNWgayr (Eq. (330)).

IBAgyr: = IBAgyri—1 + IBATRgyr: + OTraGvT: (321)

IBLgyrt = IBLgvrmrn + IBLeyrNymrr + IBLavTRowt (322)

IBLgvrymrne = IBLgvrymrr-—1 + IBLT Rovrmrne + BisrevrmriOTisravrt (323)
IBLgvrNmrre = IBLagvrnymrn—1 + IBLT Royryvrr + BrsravrnmriOTrsravre  (324)
IBLovrrowt = IBLGvTRoWt—1 + IBLT Reovrrowt + Braravrrow OTIBLGY T (325)
FAqvr: = IBAgyT: (326)

FLoyr: = IBLavT: (327)

FNWeavrame = FAcvre — FLgyry (328)

RESgyTi = RESgvTi-1 + RESTRgvT + OTRESGVT! (329)

FNWayr: = FNWavrue + RESGyT (330)

The capital stock of the government sector is split into conventional and green capital stock. The
real value of conventional (Kgyrcor) 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. (331) & (332)). These stocks are summed to give the overall real capital stock (Kgyrr)
of the government sector (Eq. (333)). The nominal capital stock values are then calculated by
multiplying the real capital by the production price deflator (Eqgs. (334) - (336)). Government
sector net worth is defined as the sum of net financial and real assets (Eq. (337)).

Kovrere = (1 = dxpi)Kavreri—1 + GCFgvrory (331)
Kovrere = (1 = dxpt) Kavrari—1 + GCFgyraRry (332)
Kovrre = Kavror: + Kavrars (333)

Kavri = Kavror + Kavrar (334)

Keavrer = KevrortPpt (335)

Kevrat = KavrariPpt (336)

NWeavre = FNWavre + Kavri (337)

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 Pyp) is the sum of wage income (W), in-
terest payments received (INTRpp), dividends (DIV Ryp) less interest payments (INT Prpr)
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(Eq. (338)). The equations for interest payments are based on respective rates of return on
interest-bearing assets (I BAg ) and interest-bearing liabilities (IBLy ) (Eqs.(339)&(340)). 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. (341)).

YPuu =Wy + (UNTRyut + DIVRyp) — (INT Pr) (338)
INTRpmt = riBaHtI BAHHI—1 (339)
INTPyut =ripruat! BLEHi—1 (340)
EQA
DIV Regare = Bany 28 b1y py, (341)
EQLNMFIt

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 (INTAXpgp) (Eq.
(342)). 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. (343) & (344)).

YDy = Y Pyy: + (SOCBt) — (SOCCt + INTAXHHt) (342)
SOCCy = SOCCNyFrs + SOCCqyry (343)
SOCB; = SOCBNyEs + SOCBayr: (344)

Household consumption (CON Spp) is given as the sum of household consumption from pro-
duction (CONSppp) and from the power sector (CONSppps) (Eq. (345)). The nominal con-
sumption of production is based on post-Keynesian theory, where there is a positive relationship
between household disposable income (Y Dpyp) 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. (346)). Real household consumption from production
is then equal to the nominal consumption divided by the production price deflator (Pp) (Eq.
(347)). The nominal consumption of the power sector (CON Sy ps) is equal to the real consump-
tion (CON Spppsr) multiplied by the price of electricity (Prrrc) (Eq. (348)). 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. (349)). The
total savings of households (SAVy ) for investment purposes is equal to their disposable income
less consumption spending (Eq. (350)).

CONSgg: = CONSgupt + CONSyups: (345)

AL(CONSgppt) = ecanp(aocuup + c1caapL(Y Dypi—1)

+ ascraPL(FApmi—1) — L(CONSHEpPt—1)) (346)
N
CONSuyupr: = CONSnmre (347)
Ppy
CONSuyupsi = CONSyupsriPELECE (348)
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CONSuupsrt = EeLecH: (349)
SAVysi = Y Dysi — CON Sy (350)

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 (GCFpp) is given as the sum of gross capital formation of new build
houses (GC Fypnp) and home improvements (GC Fi ). 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. (352)) and it should be noted that while there is a positive relationship
between prices and house building, this response is relatively weak.3” The gross capital formation
of households on home improvements (GCFrppr) follows the overall growth of GDP (Eq. (353)).

GCFyut = GCFuyunpt + GCFyunist (351)

AL(GCFuunBt) = €acrng(— aogern + crigornpL(HV AL _)
— L(GCFuunBi-1)) — 016crNBA(L(GCFuuNB-1)) (352)
GCFuupre = agna1GDP 4 (353)

The real levels of gross capital formation are then defined by dividing the nominal levels by the
production price deflator (Pp) (Eqs. (354) - (356)).

GCF
GCFuuRrt = % (354)
Pt
GCF
GCFyuNBRt = # (355)
Pt
GCF
GCFynnir: = # (356)
Pt

The real investment in home improvements is then divided between regular home improvements
(GCFurainr) and energy-based home improvements ((GCFypprpng) in Egs.(357 & 358). The
division between regular and energy-based home improvements is given by Eq. (359) where there
is an exogenous trend towards increasing energy-based home improvements over time and this is
further increased based on the difference between non-electric energy (Pynprrc) and electricity
(Pprec) 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 elec-
trical heating devices such as heat-pumps. The split between these two types of energy efficiency
home improvements is given by Egs. (360) & (361) with the difference being partly driven by

36Tt 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.

37This is in line with UK data where there has been a large increase in house prices over the last two decades
but a relatively moderate increase in house building; the model cannot assess the impact of other policies that could
impact house building, such as planning permission and regulation.
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the ratio between inefficient homes (Hy) 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.

GCFunnrert = BacruatGCFuuaIR: (357)

GCFuruiNnrt = GCFarrarre — GCFHHHIER: (358)

Bacruut = qobetati i + TREN Dierarirt + cvetarii (Ppri—1 — PELECE-1) (359)
KhieHri—

GCFyuuienr: = GCFHuHIER: hie -1 (360)

khieHri—1 + Hgni—1
GCFunnieert = GCFurnrer: — GCFHHHIENRt (361)

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. (362)). The lend-
ing discrepancy is driven exogenously as a portion of GDP (Eq. (363)) with the actual household
net lending position defined as the model determined net lending plus the lending discrepancy (Eq.
(364)).

LENDggye = SAVyge — GCFgge + INSR; + PENSR; + PENS Ap gt (362)
DISCrpt = nuurGDPi—1 (363)
LENDyg: = LENDggum: + DISCry (364)

For household financial stock transfers, it is assumed that interest bearing asset transfers of
households (IBAT Ry ) are derived residually (Eq. (365)). Equity asset transfers (EQAT Rym)
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. (366)).
Pension transfers (PENSTR) are equal to the derived pension adjustment consistent with ONS
data (Eq. (367)). Insurance transfers (INST Rppr) are equal to the return on insurance funds less
net payouts on insurance schemes (Eq. (368)). 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. (369)). The residual financial instrument transaction of the
household sector (REST Rypr) grows exogenously as a fixed proportion of GDP (Eq. (370)).

IBATRypg: = LENDgg +IBLTRyH: — (EQATRHHt + RESTRyg: + PENSTR; +INSTR;
(365
EQATRymt = —apQana EQAmHi—1 366

)
)
(366)

PENSTR; = PENSup; (367)
[NSTRt = INSRt _OHNSTRINSt—l (368)
IBLTRpy = arprrrHV AL, (369)
RESTRHHt = nHHBGDPt—l (370)

38Recall these flows are an accounting convention and are not accessible income for households.
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Other transfers, which include price revaluations and other changes in asset value, are set as
exogenous rates for the household sector (Egs. (371) - (374)).

OTipapnt = Siann(IBAgmi—1) (371)
OTeqQabnmt = 0pQAnH(EQAHH—1) (372)
OTiprupt = drprun(IBLymi-1) (373)
OTresput = OresuH(RESHH-1) (374)

The financial stocks of the household sector develop according to their respective financial
transfers and other transfers (Eqgs. (375) - (379)). Total financial assets and liabilities are defined
in Egs. (380) & (381). Financial assets minus liabilities give the household sector model determined
financial net worth (FNWggar) (Eq. (382)). The residual financial instrument develops similarly
to other financial assets (Eq. (383)) and is then added to the model determined financial net worth
to give the overall household sector financial net-worth FNWg gy (Eq. (384)).

IBAgp: = IBApgi—1 + IBAT Ry + OTrpanm: (375)
EQAgn: = EQApgt1 + EQATRypy + OTeQAHH! (376)
PENS; = PENS,_; + PENSTR, + OTpgxsi (377)
INS; = INS,_; + INSTR; + OTins: (378)
IBLyut = IBLumi—1 + IBLT Ry + OTrprmme (379)
FAppi = IBApp: + EQApps + PENS; + IN Sy (380)
FLymgi = IBLyy (381)

FNWgame = FAuu — FLup (382)

RESypt = RESput—1 + RESTRupt + OTrEsumt (383)
FNWy = FNWyg + RESHm (384)

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)3” taken as houses with EPC ratings C and above where the
primary energy source is electricity based (Eq.(385)).4C 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.
(386)). It is assumed that all new build houses are efficient and a portion (8gpg) of them are fully

39Note 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.

49The EPC ratings are taken directly from EPC data (UK Department for Levelling UP, Housing & Communities,
2025)
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electric.*! Inefficient houses are transformed into efficient non-electric houses through real energy
home improvements (GCFyrpngr) which can then be transformed into efficient electric houses
through real electrification home improvement (GC Fyrpgrr) with both these transformation rates
being determined by the cost of energy and electrification home upgrades (Eqgs. (387) - (389)).
COSTyrpngr 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 (Eqs (390)
& (391)).

Hy=Hp + Higne + Hipe (385)
HB; = aypGCFyuNBR: (386)
GCF
Hyy = Hyp oy — CHHHIENRt (387)
HIENRt
GCF, GCF

Hpni = Heni—1 + (1 — Bape)HB;: + CﬁfE}JIVI}fNRt - CEZI{EII;EEM (388)

t t

GCF
Hgpt = Hepi—1 + BupeH B + CHHHIEERt (389)
HIEER:

Curenrt = CHIENRB (390)
Cuieert = CHIEERB (391)

The total value of housing stock (HV AL) is equal to the average house price (Pg) multiplied by
the number of houses (H) (Eq. (392)). House prices (Pp) 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. (393)). Household sector net worth is defined as the sum of net financial and
real assets (Eq. (394)).

HVAL; = H; Py, (392)
Py H, YDppi— IBLypi— Py 1Hy
AL = L|{———— L - L
LF, €PH (OéOPH + a1pH ( LF,_, ) + a2pH < IF,_, > LF, . )
(393)
NWygt = FNWyg + HVAL (394)

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.
(395)). We define domestic output (DY) as the sum of consumption, gross capital formation and
export flows, in effect GDP less imports (Eq. (396)). Nominal demand in the RoW (RoWp)
is calculated based on real demand in the RoW (RoWpgr) multiplied by foreign prices (Pr) (Eq.
(397)). The total nominal imports (I M P) are mainly driven by domestic output, reflecting the role

“IThis 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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of imports as an intermediate input to production (Eq. (400)). 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
imported machinery used in investments in non-fossil power. In addition, imports are driven by
the ratio between import prices (Pr) 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
(REER) (Eq. (401)). 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 REE R increases.

Y Prowt = IMP, — EXP, (395)
DY, = CONS, + GCF, + EXP, (396)
ROWDt = ROWDRt . PFt (397)

LIMPnonELECt = cormp + cirppLIM Py + oy pLDY; 1 + agrup

L BirmpGCFy 4 BornipGC Fpgy
DY;

P
+ 064IMPLP7H + 01 ympALDY;  (398)
Pt

Electricity is imported separately from other goods and services, so total imports are the sum of
the estimated non-electric component above and an electricity component (Eq. (400)). Electricity
imports are the physical interconnector flows of Eq. (12), split between the housing and production
legs and valued at the import price Pegrpcravp, which carries the premium gy p over the domestic
fossil marginal price (Eq. (399)).

IMPgrEct = (Eeprecivpa: + EELECIMPPL) PELECIM P (399)

IMP; = IMPnoNELECt + IMPrrect (400)

LEXP; = appxp+aipxpLEXP; 1 +aspx pLRoWp 1+ a3pxpPLREER; 1+ 61px pALRoW py
(401)

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. (402)). Real imports (/M Pg) and real exports
(EX Pgr) are calculated by dividing by their respective price deflators P; and Pg (Egs. (403) &
(404)).

RoWpprs = RoWpgRoWpRi—1 (402)
IMP,

It

IMPg; =

(403)
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EXP,;
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. (405)). The foreign price
level (Pr) is driven by an exogenous growth rate (RoWp,) based on global forecasts (Eq. (406)).
Export prices (Pg) are assumed to follow domestic price trends (Eq. (407)). Import prices (Pr) are
defined based on foreign prices, the nominal exchange rate and an adjustment term (/4p.) 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. (408)). The import adjustment term
(Iapy) is assumed to remain constant over the model projections (Eq. (409)). Finally, the real
effective exchange rate (REER) is defined as the ratio between export prices (Pg) and exchange
rate (EFR) adjusted foreign prices (Pr) (Eq. (410)).

EXPry =

(404)

ER, = ER,_. (405)
Py = RoWpyPry_1 (406)
Py = Ppy (407)

Pr = PreERIAp (408)
Iapgt = Iapjt—1 (409)
REER, = Egiim (410)

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 Npgow) is the sum of interest received on the RoW’s share of government
liabilities (IBLgyrrow) and their net holding of other interest-bearing assets (IBNgow) (Eq.
(411)). Net RoW dividends received (DIV Npgow ) are given as a fixed proportion of RoW net
equity holding (EQNgow) (Eq. (412)). RoW model determined net lending (LEN Dprow ) is
defined as their income from production plus their net interest and dividend income received (Eq.
(413)). The lending discrepancy is driven exogenously as a portion of GDP (Eq. (414)) with the
actual RoW net lending position defined as the model determined net lending plus the lending
discrepancy (Eq. (415)).

INTNgowt = r1Bravril BLGvTRoWt—1 + T1BNRowtI BNRoW -1 (411)
DIV Nrowt = aprvNrow EQNpowi—1 (412)
LENDgrowmt =Y Prowt + INT Nrowt + DIV Nrowt (413)

o1



DISCrowt = nrowrGD Py (414)
LENDRrowt = LENDRrow vt + DISCrowt (415)

Net RoW interest-bearing asset transfers (IBNT Rp,w) are set as the residual of all other
financial transactions (Eq. (416)). Net equity asset transfers (EQNT Rgow ) are set as proportional
to RoW income from production (Eq. (417)). The residual financial instrument transaction of the
RoW sector (REST Rrow ) grows exogenously as a fixed proportion of GDP (Eq. (418)).

IBNTRROWt = LENDROWt — (IBLTRGVTRth + EQNTRROWt + RESTRROWt) (416)

EQNTRRgowt = agQNTRRoW Y Prowt (417)
RESTRRgowt = nrowBGDP; 1 (418)
OTiparowt = 01BARoW (I BNRowt—1) (419)
OTeQNRowt = OEQNRoW (EQNRowt—1) (420)
OTrESRoWt = ORESRoW (RESRoW1-1) (421)

The net-financial stocks of the RoW sector develop according to their respective financial trans-
fers and other transfers (Eqgs. (422) & (423)). The sum of net financial assets gives the RoW sector
model determined financial net worth (FNWgowar) (Eq. (424)). The residual financial instrument
develops similarly to other financial assets (Eq. (425)) and is then added to the model determined
financial net worth to give the overall RoW sector financial net-worth FNWgow (Eq. (426)).

IBNgrowt = IBNRowi—1 + IBNTRRrow: + OT1BARoW (422)
EQNrowt = EQNRrowt—1 + EQNTRRrowt + OTEQNRoWt (423)
FNWgrowmt = IBNgowt + EQNprowt + IBLGvTRowt (424)
RESRrowt = RESRowi—1 + RESTRrow: + OTRESRoWt (425)
FNWgrowt = FNWgrow Mt + RESrowt (426)
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. (427)). This equation uses logged values

which ensures the base rate cannot fall below the zero lower bound.
ALT’BOEt = €rboe(arboeLINthl - LTBOEtfl) (427)

Interest rates on interest-bearing assets for model sector j (rrp Ajt) tend towards a long run
interest rate with adjustment speed (7,4;) (Eq. (428)). 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. (429)).

TTBAjt = TIBAji—1 + Traj(TIBALRt — TIBAji—1) (428)
TIBAjLRt = Max(MinTr;, TBOEQt — SPTja) (429)
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Interest rates on interest-bearing liabilities for model sector j (rrprj:) 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. (430)). 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
(0j) and the financial health of the MFI sector, proxied as the ratio between its financial liabilities
and assets (Eq. (431)).

TIBLjt = TIBLjt—1 + Trij(TIBLjLRt — TIBLji—1) + 0r; ATBOEQ! (430)
FLyFr—1

TIBLjLRt = T"TBAjLRt + (Sprji + 0j¢) (1 + O'jTBOEQt)FAit (431)
MFIt—1

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,

42The 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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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.

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 1571 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.
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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.

Figure 2: The ARDL-Bounds Procedure’s Comprehensive Approach to Time-Series Analysis.
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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
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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
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 1.

4.8. Validation exercises

Projections from the baseline of the model are validated against past data to assess the models
capacity to broadly replicate the dynamics of key macroeconomic variables. This is done by com-
paring the autocorrelation function (ACF) of several macroeconomic variables in the simulations
with actual past data. Furthermore, we consider the cross-correlation function (CCF) between
several variables and GDP and compare the cross-correlation functions of the simulated data to
those of the past data. GDP is considered a central variable for this validation exercise as it is
one of the most endogenous model variables and is composed of many other endogenous variables
within the model.**

Comparisons between the autocorrelation functions of the actual and simulated data are pre-
sented in Figure 1. Figure la shows relatively good tracking between the ACF functions of the
actual and simulated GDP values, particularly in the first four lag periods. In all results, there
are a few cases where the autocorrelation function of the simulated data is higher than the actual
value, which being particularly noticeable for consumption in Figure 1b and emissions in Figure
1h. This implies that the model variables exhibit slightly more persistence than the variables in
the past data. This is relatively normal for a model of this kind, where specific fixed relationships
between variables are imposed. Furthermore, the use of discrete time modelling imposes a lag
structure which can increase persistence by requiring lagged relationships, such as consumption

433uch 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.

#48ee Valdecantos (2020) for similar arguments around GDP and validation.
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being driven by the previous periods income, whereas in reality these relationships would be more
contemporaneous.*® Overall the ACF comparisons show that the autocorrelation of key model
variables is reasonably close to that of past data. There are some discrepancies; however, this is
normal, and it would in any case not be desirable to have no discrepancy as this would suggest a
degree of overfitting in the model.

Comparisons between cross-correlation functions of variables with GDP for actual and simulated
data are presented in Figure 2. These results show that the general correlation between these key
model variables and GDP is not significantly different within simulations compared to actual data.
There is a general property where the contemporaneous correlation (lag 0) is slightly higher for
simulations than for actual data. Again, this is common in models where the interactions between
variables are more direct than they may be in reality. This is particularly the case for gross capital
formation which exhibits a higher, and slightly lagged correlated relationship with GDP in the
simulations while this relationship is more contemporaneous and less immediate in simulations,
this implies that the pass through from GDP to GCF is more gradual in reality than within
the model, however, still the key dynamics are reflected and this is deemed to be an acceptable
difference between simulated and actual variable behavioural for the purpose of this model.

45For discrete time models not all effects can be contemporaneous as this would create circular dependencies
between variables and prevent the model from being able to run.
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Figure 1: Autocorrelation Function comparisons between actual and simulated data
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Figure 2: Crosscorrelation with GDP function comparisons between actual and simulated data
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5. Model parameters and initial values for endogenous variables

Table 1: Symbols and values for parameters and exogenous variables (baseline scenario)

Symbol Description Parameter Value Source/remarks

category

CARNFI,L,CAL MFTI capital adequacy ratio at Model- 0.161 Calculated from initial data
the calibration endpoint constrained

CARNFI,min Common-equity capital bench- Free 0.08 Based on Basel III regulatory
mark used in the credit rationing requirements
equation

CARyFITGT Opening UK banking-system Free 0.161 Assumed value
regulatory capital ratio; used
only to calibrate the additive
national-accounts-to-regulatory-
capital bridge

CFrp Unitless capacity factor of fos- Free 0.5659 Calculated based on past
sil fuel electricity generation values and assumed to be
(=1.131779/phi_FF) constant over time

CFrmax Upper bound of the (unitless) Free 1 Selected as a reasonable maxi-
non-fossil electricity capacity mum value based on UK data
factor (=2/phi_NFF, i.e. full
nameplate output)

CFnin Lower bound of the logistic Free 0.3 Selected as a reasonable mini-
function for the (unitless) non- mum value based on UK data
fossil electricity capacity factor
(=0.6/phi_NFF)

CONFF Crowding out coefficient for Free 0.5 Set as a reasonable estimate
government green GCF pending empirical evidence

CRmax Upper bound on total credit Free 0.5 Reasonable number selected
rationing, matching DEFINE from a range of values
Global

defonFc Parameter of the default rate Model- 51.78 Calculated from Eq. (241)
function for NFCs, anchored constrained
to def_target_ann at the mean
illiquidity

defops Common NFC/PS default- Model- 51.78 Set equal to def ONFC
function scale parameter (shared constrained
scale: same illiquidity -; same
default across PS and NFC)

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

defips Parameter of the power sector Model- 8.53 Shares the NFC de-
default rate function constrained fault calibration while

PS_DEF_LIKE_NFC =1
defa Parameter of the default rate Free 11.05 Taken from DEFINE-
function GLOBAL

defops PS illiquidity slope Model- 11.05 Shares the NFC de-

constrained fault calibration while
PS_DEF_LIKE_NFC =1
defmaz Maximum default rate of loans Free 0.04664 selected from a reasonable
(logistic upper bound) range of values
deftarget,ann Target annual corporate loan Model- 0.02 Assumed value
default rate (NFC) constrained

DSRNFco,L,cAL NFC debt service ratio at the Model- 0.07238 Calculated from initial data
calibration endpoint constrained

DSRps,1,cAL Power sector debt service ratio at Model- -0.03975 Calculated from initial data
the calibration endpoint constrained

JETSB Growth rate of ETS carbon price Free 0.0001283 Set based on reasonable pro-
in the baseline jections

Hpg Planning horizon for PS expected Model- 80 Based on expected average 20
utilisation (quarters) constrained year lifetime of power sector

capital

ILLIQps,1,cAL Variant endpoint (well-defined: Model- 1.211 Calculated from initial data
GO_PS base) constrained
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Symbol Description Parameter Value Source/remarks
category
INTAXRygHLR Long run income tax rate on the Free 0.2185 Based on past data and OBR
HH sector set by the government fiscal forecasts
INTAXRNFCLR Long run income tax rate on the Free 0.04927 Based on past data and OBR
NFC sector set by the govern- fiscal forecasts
ment
ITAXRprLRr Long run indirect tax rate on Free 0.05961 Based on past data and OBR
production set by the govern- fiscal forecasts
ment
ITAXRpsrLRr Long run indirect tax rate on the Free 0.01343 Based on past data and OBR
power sector set by the govern- fiscal forecasts
ment
MANT gyt Minimum lower bound GVT Free 0.006119 Calculated based on the 2010s
deposit interest rate zero lower bound interest rate
period
minryp Minimum lower bound household Free 0.002509 Calculated based on the 2010s
deposit interest rate zero lower bound interest rate
period
MINTy fe Minimum lower bound NFC Free 0.003204 Calculated based on the 2010s
deposit interest rate zero lower bound interest rate
period
MANT o £ Minimum lower bound NMFI Free 0.004429 Calculated based on the 2010s
deposit interest rate zero lower bound interest rate
period
MANTrow Minimum lower bound RoW Free -0.0105 Calculated based on the 2010s
deposit interest rate zero lower bound interest rate
period
TOCRNEFC NFC scale parameter anchoring Free 3.209 Calibrated to match initial
the target to the observed end- condition
point
TOCRPS PS scale parameter anchoring the Free 3.209 Calibrated to match initial
target to the observed endpoint condition
T1CRNEFC NFC credit rationing intercept, Model- -0.03123 Calibrated to match initial
anchoring the target to the ob- constrained condition
served endpoint
T1CRPS Power sector credit rationing Model- -0.1778 Calibrated to match initial
intercept, anchoring the target to constrained condition
the observed endpoint
TOCRNFEFC NFC DSR coefficient implied by  Free 1.307 Scaled from the DEFINE-
the scaled Global local marginal GLOBAL local marginal ef-
effect fect
T9OCRPS PS DSR coefficient implied by Free 1.307 Scaled from the DEFINE-
the scaled Global local marginal GLOBAL local marginal ef-
effect fect
T3SCRNFC NFC CAR coefficient implied by  Free 1.553 Scaled from the DEFINE-
the scaled Global local marginal GLOBAL local marginal ef-
effect fect
T3SCRPS PS CAR coefficient implied by Free 1.553 Scaled from the DEFINE-
the scaled Global local marginal GLOBAL local marginal ef-
effect fect
RoWpy Exogenous Growth of RoW De- Free 1.006 Taken as a reasonable esti-
mand (2.5% p.a., lowered from mate
3% so exports do not structurally
outpace UK trend growth and
lock utilisation above target)
TWGVT,MFI Risk weight on UK government Free 0 Assumed value
exposures
TWHH,MFI Risk weight on house- Free 0.35 Assumed value
hold/mortgage lending
TWNFC,MFT Risk weight on NFC loans Free 1 Assumed value
Broad NMFT exposures receive Free 1 Assumed value

TWNMFI,MFI

the same risk weight as NFC and
PS
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Symbol Description Parameter Value Source/remarks
category
TWPS,MFI Risk weight on power-sector Free 1 Assumed value
loans
SheGVTNMFIG Share of the government bond Free 1 Assumed value
spread carried by green bonds
SOCCRgvTLR Long run social contribution Free 0.1393 Based on past data and OBR
rate on the HH sector set by the fiscal forecasts
government
SPTguta Mark down on government de- Free -0.002054 Based on average of the pre
posit interest rates 2010s zero lower bound period
SPTgutl Interest rate spread on GVT Free 0.001794 Based on recent values
liabilities interest rates
SPThha Mark down on household deposit Free 0.003593 Based on average of the pre
interest rates 2010s zero lower bound period
SPrh Kl Interest rate spread on HH liabil- Free 0.00577 Based on recent values
ities interest rates
SPTnfca Mark down on NFC deposit Free 0.005769 Based on average of the pre
interest rates 2010s zero lower bound period
SPTnfel Positive quarterly NFC inter- Free 0.00225 Based on recent values
mediation spread; default risk
is added separately in the rate
equation
SPTrm fia Mark down on NMFI deposit Free 0.00239 Based on average of the pre
interest rates 2010s zero lower bound period
SPTrm fil Interest rate spread on NMFI Free 0.001641 Based on recent values
liabilities interest rates
SPTpsi Common central PS spread Free 0.00225 Based on recent values
pending sector-specific lending-
rate data
SPTrowa Mark down on RoW deposit Free 0.00648 Based on average of the pre
interest rates 2010s zero lower bound period
STRANDgLGEN Persistent market excess has a Model- 20 Calibrated to generate rea-
five-year impairment half-life constrained sonable baseline stranding
behaviour
STRANDgrpoL A credible ban accelerates Model- 4 Calibrated to generate rea-
excess-capacity impairment to constrained sonable baseline stranding
a one-year half-life behaviour
STRANDRranmppor  Curvature of the anticipatory Model- 2 Calibrated to generate rea-
retirement path; 1 retires a constrained sonable baseline stranding
constant amount each quarter, behaviour
higher values start slower and
build toward the deadline
STRANDTERMQ Quarters over which the gener- Model- 4 Implementation year
ation ban retires the fossil stock  constrained
above the permitted backstop
UFF,STRAND Historical end-sample utilisation =~ Model- 0.3083 Calculated from initial data
is the normal-use benchmark constrained
ur Target capacity utilisation Free 0.8035 Taken as the mean of past
utilisation values
QObetaH H Parameter in the equation for Free 0.2 Estimate based on green
green home improvements housing investment data
QObetaNFC Parameter in the equation gov- Free -0.03826 Calibrated to generate the
erning the proportion of gross baseline scenario
green NFC gross capital forma-
tion
QOLNFF Habit persistence constant cali- Model- 1.347 Calculated from Eq. (106)
brated such that prop_.NFF = 0.9 constrained
when r_.KNFF - r KFF = 0.085
QOCHHP Constant parameter in the Free -0.006027 Calculated from Eq. (390)
household consumption equa-
tion
QEXP Parameter in the nominal export Model- 0.6516 Calculated from Eq. (451) to
equation constrained match initial condition
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Symbol Description Parameter Value Source/remarks
category

QOGCFNB Parameter in the HH gross cap- Free 7.679 Econometrically estimated
ital formation for new builds
equation

QAGCFNFC Parameter in the NFC gross Model- 0.02012 Calibrated to match initial
capital formation equation constrained condition

QAVGCFPS PS investment intercept; scale Model- 0.01916 Calibrated to match initial
below one permits a lower for- constrained condition, then scaled by 0.9
ward investment level than the
final historical calibration

QOIMP Parameter in the non-electric Model- -0.3641 Calculated from Eq. (445)
nominal import equation constrained

QopH Parameter in the house price Free 1 Econometrically estimated
equation

a0SOCB Parameter in the GVT social Free 0.0601 Econometrically estimated
benefit equation

aOw S Constant parameter in the wage  Model- 0.4697 Calibrated so 69 equation
share equation constrained equals observed 69[L] at t=L

QlpetaHH Parameter in the equation for Free 0.3038 Estimate based on green
green home improvements housing investment data

A1petaNFC Parameter in the equation gov- Free 0.1 Calibrated to generate the
erning the proportion of gross baseline scenario
green NFC gross capital forma-
tion

QIpNFF Sensitivity of NFF investment Model- 10 Calibrated to match expected
share to relative capital returns constrained NFF investments based on

baseline projection

QICHHP Autoregressive parameter Free 0.8136 Econometrically estimated

EXP Parameter in the nominal export Free 0.7221 Econometrically estimated
equation

Q1GCFNB Parameter in the HH gross cap- Free 1.224 Econometrically estimated
ital formation for new builds
equation

QIGCFNFC Parameter in the NFC gross Free 0.02948 Econometrically estimated
capital formation equation

alrMp Lagged dependent variable pa- Free 0.474 Econometrically estimated
rameter in the nominal import
equation

A1lambda Verdoorn coefficient: productiv- Free 0.65 Based on UK studies; in the
ity growth per unit of real GDP mid-range of empirical Ver-
growth. Lowered from 0.725 to doorn estimates
restore a supply-side brake so
demand booms do not raise po-
tential one-for-one

al MU Linear relationship between pro-  Model- 0.1943 Calibrated so LR markup at
duction price mark-up and unit constrained initial utilisation equals mean
costs of 45:88 and 109:132 (excl.

COVID and GFC)

alpH Parameter in the house price Free 1.04 Econometrically estimated
equation

a1S0CB Parameter in the GVT social Free 0.5317 Econometrically estimated
benefit equation

aws Unemployment rate parameter in Free 1.759 Econometrically estimated
the wage share equation

QAopetaNFC Parameter in the equation gov- Free 0.4 Calibrated to generate the
erning the proportion of gross baseline scenario
green NFC gross capital forma-
tion

QCHHP Long run propensity to consume  Free 0.1092 Econometrically estimated
out of disposable income

QEXP Parameter in the nominal export Free 0.2779 Econometrically estimated

equation

and rescaled so LR elasticity
to world demand = 1
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Symbol Description Parameter Value Source/remarks
category

QAGCFNFC Parameter in the NFC gross Free 0.3049 Econometrically estimated
capital formation equation

QT M P Lagged domestic demand pa- Free 0.526 Econometrically estimated
rameter in the nominal import and rescaled so LR elasticity
equation to 444 =1

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

aopH Parameter in the house price Free 0.539 Econometrically estimated
equation

Q250CB Parameter in the GVT social Free 0.1392 Econometrically estimated
benefit equation

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

Q3EXP Parameter in the nominal export Free 0.08626 Econometrically estimated
equation

Qa3IMP Investment share of domestic de- Free 0.1646 Econometrically estimated
mand parameter in the nominal
import equation

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

QApDIVPNFC mean(DIVP_NFC[51:144] /YD _NFC[Bied44]) 0.4133 Set as the mean of past im-
#Rate of NFC sector dividend plied values
payments relative to disposable
income

QADIVPNMFEI Proportion of primary NMFI net Free 0.7966 Set as the mean over past
income distributed as dividends values

aprvpps Rate of power sector dividend Free 0.05453 Set as the mean of past im-
payments relative to output plied values

QEQAHH Relationship between HH EQA Model- 0.005407 Calculated from Eq. (414)
transfers and household equity constrained
stock

QEQANFC Relationship between NFC EQA  Model- 0.01117 Calculated from Eq. (233)
transfers and total output from constrained
production

QEQAPS Relationship between PS EQA Model- 0.01298 Calculated from Eq. (138)
transfers and total output from constrained
production

QAEQNTRRoW Relationship between net RoW Model- 1.363 Calculated from Eq. (469)
equity transfers and RoW income constrained

QFUELPSLR Long run technical coefficient of Free 0.3233 Domestic fossil generation is
fuel input to the power sector proportional to fuel input

aHB Conversion between real invest- Model- 0.00239 Calculated from Eq. (434)
ment in new houses and the constrained
building of new houses

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

QIBAGVT Relationship between GVT IBA  Model- 0.004549 Calculated from Eq. (348)
transfers and total output from constrained
production

QIBANFC Relationship between NFC IBA Model- 0.0109 Calculated from Eq. (232)
transfers and total output from constrained
production

QIBANMPFI Relationship between NMFI IBA  Model- 0.02613 Calculated from Eq. (290)
transfers and total output from constrained
production

QIBAPS Relationship between PS IBA Model- 0.0121 Calculated from Eq. (137)
transfers and total output from constrained
power sector

QIBLTR Parameter relating total housing  Free 0.00175 Calculated based on ONS

value to household interest bear-
ing liability transfers

stock data
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Symbol Description Parameter Value Source/remarks
category

QINSR Parameter relating NMFT dis- Free 1.372 Calculated based on past
posable income to investment implied values
income 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
prices to overall non-electric over past data
energy costs

QAOCONSGVT Parameter relating GDP output Free 0.1011 Set based on OBR projections
to total government other con- of government spending and
sumption past

QOPPSLR Long run technical coefficient of  Free 0.0503 Taken as the average implied
other inputs to the power sector technical coefficient over past

data

QAPENSR Parameter relating NMFT dis- Free 1.213 Calculated based on past
posable income to investment implied values
income on pension schemes

QPFUEL 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
internal production intermediate technical coefficient over past
consumption data

apSPSLR Long run technical coefficient of  Free 0.3836 Taken as the average implied
internal power sector intermedi- technical coefficient over past
ate consumption data

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

QASOCBPENS Rate of social benefit payments Model- 0.008159 Calculated from Eq. (285)
relative to total value of pension  constrained
schemes

aASOCCW Rate of wage contribution to Model- 0.05693 Calculated from Eq. (284)
household social contribution constrained
for pension schemes (Defined
contribution)

Birmp Proportion of overall GCF con- Free 0.965 Estimated from IO data
tribution to imports

Bormp Proportion of power sector GCF  Free 1.884 Estimated from IO data
contribution to imports

Bdanh Relationship between household Model- 1.333 Calculated from Eq. (385)
equity holding and dividend constrained
distribution

BDIVNRoW Net dividend payment rate to Free 0.00349 Taken as a reasonable esti-
the RoW sector mate based on past values

Baps Relationship between power Model- 0.773 Calculated from Eq. (119)
sector holding and dividend constrained
distribution

BELECH Proportion of electric energy Free 0.205 Calculated from UK EPC
use in total energy use for non- data
electric houses

BEQLNFC Parameter determining NFC Model- 0.001676 Calculated from Eq. (239)
equity liability price revaluation constrained
rate

BEQLNMFI Parameter determining NMFI Model- 0.008593 Calculated from Eq. (298)
equity liability price revaluation constrained
rate

BEQLPS Parameter determining power Model- 0.001676 Calculated from Eq. (144)
sector equity liability price reval- constrained
uation rate

BuBE Proportion of new build proper- Free 0.08422 Based on implied UK data

ties which are fully electric

and assumed constant
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Symbol Description Parameter Value Source/remarks
category
BIBLGVTMFI Proportion of government bor- Free 0.3333 Based on ON experimental
rowing held by the MFI sector flow of funds data 2020 and
assumed constant in simula-
tions
BIBLGVTNMFI Proportion of government bor- Free 0.3333 Based on ON experimental
rowing held by the NMFT sector flow of funds data 2020 and
assumed constant in simula-
tions
BIBLGVTRoW Proportion of government bor- Free 0.3333 Based on ON experimental
rowing held by the RoW sector flow of funds data 2020 and
assumed constant in simula-
tions
BNELECGAS Proportion of non-electric energy  Free 0.55 Taken from 2023 data and
provided by gas assumed constant
BNELECOIL Proportion of non-electric energy Free 0.45 Taken from 2023 data and
provided by oil assumed constant
BWRPRI Parameter linking private sector =~ Model- 1.01 Calculated from Eq. (71)
wage rate to overall economy constrained
wage rate
BwWRPUB Parameter linking public sector Model- 0.973 Calculated from Eq. (72)
wage rate to overall economy constrained
wage rate
EXP Parameter in the nominal export Free 2.044 Econometrically estimated
equation
01GCFNB Parameter in the HH gross cap- Free 0.1647 Econometrically estimated
ital formation for new builds
equation
S1IMP Short-run domestic demand Free 1.928 Econometrically estimated
parameter in the nominal import
equation
SEQN RoW Revaluation rate of RoW EQAs Model- 0.005344 Calculated from EQ. (472)
constrained
SIBAGVT Revaluation rate of GVT IBAs Model- 0.0007799 Calculated from EQ. (356)
constrained
SIBAHH Revaluation rate of HH IBAs Model- 0.0007537 Calculated from EQ. (419)
constrained
SIBANFC Revaluation rate of NFC IBAs Model- 0.001064 Calculated from EQ. (237)
constrained
SIBANMFEI Revaluation rate of NMFI IBAs Model- 0.000354 Calculated from EQ. (295)
constrained
SIBAPS Revaluation rate of PS IBAs Model- 0.001064 Calculated from EQ. (142)
constrained
SIBARoW Revaluation rate of RoW IBAs Model- -0.008365 Calculated from EQ. (471)
constrained
SIBLGVT Neutral forecast valuation as- Model- 0 Assumed value
sumption for financial-account constrained
government liabilities: historical
market-value revaluations are re-
tained, but the exceptional 2022
gilt-price fall is not extrapolated
as a permanent quarterly drift
SIBLHH Revaluation rate of NFC IBLs Model- -1.215e-06 Calculated from EQ. (240)
constrained
SIBLNMFI Revaluation rate of NMFI IBLs Model- 0.0009828 Calculated from EQ. (296)
constrained
Okpe Constant depreciation rate of Free 0.02375 Calculated from implied rates
productive capital based on capital stock data
ops Geometric discount parameter Model- 0.9659 Implied by a 20 quarter half-
for PS expected utilisation (half-  constrained life
life = 20 quarters / 5 years)
SRESGVT Revaluation rate of GVT residual Model- 0.009843 Calculated from EQ. (359)
financial instrument constrained
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Symbol Description Parameter Value Source/remarks
category

SRESHH Revaluation rate of HH residual Model- -0.6181 Calculated from EQ. (422)
financial instrument constrained

SRESNFC Revaluation rate of NFC residual Model- -0.009702 Calculated from EQ. (242)
financial instrument constrained

SRESNMFI Revaluation rate of NMFI resid-  Model- -0.1259 Calculated from EQ. (301)
ual financial instrument constrained

SRESPS Revaluation rate of PS residual Model- -0.05619 Calculated from EQ. (147)
financial instrument constrained

OSRESRoW Revaluation rate of RoW residual Model- -0.003277 Calculated from EQ. (473)
financial instrument constrained

Origot Short run adjustment speed of Free 0.8 Reasonable number selected
GVT interest rates to long run from a range of values
rate

Orinfe Short-run pass-through of the Free 0.25 Reasonable number selected
quarterly policy-rate change to from a range of values
the NFC effective rate

Orinmfi Short run adjustment speed of Free 0.5 Reasonable number selected
NMEFT interest rates to long run from a range of values
rate

Orips Short-run pass-through of the Free 0.25 Reasonable number selected
quarterly policy-rate change to from a range of values
the PS effective rate

€GCFNB Parameter in the HH gross cap- Free 0.5646 Econometrically estimated
ital formation for new builds
equation

€EGDP Adjustment factor to GDP in Free 1.119 Calculated from initial data
order to compare model GDP
with data based GDP

€maz Maximum energy intensity of Free 2 Selected as a reasonable maxi-
production mum value based on UK past

data

Emin Minimum energy intensity of Free 0.1 Selected such that it is rea-
production sonably higher than 0

€EPH Parameter in the house price Free 0.06219 Econometrically estimated
equation

€rboe Adjustment parameter in the Free 0.125 Set to generate observed early
BoE Taylor rule period baseline behavior

NGVTB Long run residual transaction Free -0.00292 Taken as the mean of past
discrepancy of GVT sector rela- data
tive to GDP

navrr Long run lending discrepancy Free -0.01744 Taken as the mean of past
of government sector relative to data
GDP

NHHB Long run lending discrepancy of  Free -0.0044 Taken as the mean of past
H sector relative to GDP data

NHHT Long run lending discrepancy of  Free 0.06538 Taken as the mean of past
H sector relative to GDP data

NINFCB Long run residual transaction Free -0.00276 Taken as the mean of past
discrepancy of NFC sector rela- data
tive to GDP

NNFCT Long run lending discrepancy of  Free -0.05316 Taken as the mean of past
NFC sector relative to GDP data

NNMFIB Long run residual transaction Free 0.00573 Taken as the mean of past
discrepancy of NMFI sector rela- data
tive to GDP

NNMFIT Long run lending discrepancy of  Free 0.01969 Taken as the mean of past
NMFT sector relative to GDP data

NnPSB Long run residual transaction Free -0.05719 Taken as the mean of past
discrepancy of PS sector relative data
to GDP

RoW B Long run residual transaction Free 0.0006092 Taken as the mean of past

discrepancy of RoW sector rela-
tive to GDP

data
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Symbol Description Parameter Value Source/remarks
category

NRoWT Long run lending discrepancy of  Free -0.0003021 Taken as the mean of past
RoW sector relative to GDP data

K1 Scaling parameter governing Free 40 Calibrated such that the
the sensitivity of energy inten- model generates the base-
sity to the green/conventional line scenario
non-electric capital ratio; higher
values mean energy intensity re-
sponds more sharply to capital
composition

K2 Scaling parameter governing Free 0.4 Calibrated such that the
how strongly the non-fossil/fossil model generates the base-
electricity ratio drives the non- line scenario
fossil capacity factor; controls
the speed of transition to higher
utilisation

K3 Scaling parameter governing the  Free 2 Calibrated such that the
sensitivity of the electric/non- model generates the base-
electric energy mix in production line scenario
to green capital accumulation

K4 Scaling parameter governing Free 20 Calibrated such that the
the sensitivity of non-electric model generates the base-
energy emission intensity to line scenario
green/conventional capital com-
position; higher values mean
emission intensity falls more
sharply as green capital accumu-
lates

K5 Scaling parameter governing Free 0.5 Calibrated such that the
the sensitivity of fossil fuel elec- model generates the base-
tricity emission intensity to the line scenario
green/conventional capital ra-
tio; controls how quickly fossil
generators become cleaner as
non-fossil capital expands

Khie Adjusting constant for the bal- Model- 2.765 Calculated from Eq. ( 407)
ance between energy efficiency constrained
and electrification home improve-
ments (£ billion)

ACRNFC Quarterly partial adjustment of Free 0.35 Assumed value
actual NFC rationing toward the
indicated target

ACRPS Quarterly partial adjustment of Free 0.35 Assumed value
actual PS rationing toward the
indicated target

ASTRGEN,PS Quarterly rate of economic Model- 0.03406 Implied by STRAND_HLGEN
stranding implied by its half- constrained
life

ASTRPOL,PS Quarterly rate of policy strand- Model- 0.1591 Implied by STRAND_HLPOL
ing implied by its half-life constrained

UELEC Mark up of electricity prices Free 1.228 Calculated based on past data
above the marginal cost of elec-
tricity production

UMPRICE Curvature of peak marginal-price Free 0.8 Calibrated to generate reason-
incidence able electricity price projec-

tions

VELECIMP Structural electricity imports Free 0 Set to zero: imports cover
as a share of total electricity domestic capacity gaps only
demand

Wemazx Maximum emission intensity of Free 0.8 Selected as a reasonable maxi-

electric fossil fuel based energy
production

mum value based on UK data
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Symbol

Description

Parameter
category

Value

Source/remarks

Wemin

Wnemaxzx
Wnemin

PFF

ONFF

1

2

3

T4

5

VEQNMFI

psc

OELEC

Ogut

Ohh

Minimum emission intensity of
electric fossil fuel based energy
production

Maximum emission intensity of
non-electric energy production
Minimum emission intensity of
non-electric energy production
Maximum (nameplate) fossil
electricity output per unit of real
power-sector capital (TWh per
2022 GBP bn); converts capital
into maximum output so that
CF_FF is a unitless capacity
factor

Maximum (nameplate) non-fossil
electricity output per unit of real
power-sector capital (TWh per
2022 GBP bn); converts capital
into maximum output so that
CF_NFF is a unitless capacity
factor

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

Parameter linking non-fossil fuel
to fossil fuel electricity gener-
ation ratio with the capacity
factor of non-fossil fuel electricity
generation

Parameter linking green to con-
ventional non-electric capital
ratio with the ratio between elec-
tric and non-electric energy use
in production

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 produc-
tion

Ratio determining NMFI EQA
transfers based on their liability
transfers from other sectors
Damping parameter for supply-
constrained price adjustment
(0=no adjustment, 1=full adjust-
ment)

Upper bound on the domestic
non-fossil electricity share, pre-
serving a 2.5% fossil backstop be-
cause a full transition is assumed
infeasible without substantial
battery/storage technology
Parameter driving the size of
the interest rate spread on GVT
liabilities

Parameter driving the size of
the interest rate spread on HH
liabilities

Free

Free

Free

Free

Free

Model-
constrained

Model-
constrained

Model-
constrained

Model-
constrained

Model-
constrained

Model-
constrained

Free

Free

Free

Free

0.3

0.225

-1.468

-1.084

-1.728

-1.147

-1.971

0.3921

0.2

0.975

-22.92

24.3

Selected such that it is rea-
sonably higher than 0

Selected as a reasonable maxi-
mum value based on UK data
Selected such that it is rea-
sonably higher than 0
Selected from a reasonable
range of values

Selected from a reasonable
range of values

Calculated from Eq. (27)

Calibrated such that
28[L+1]=28[L]

Calculated from Eq. (29)

Calculated from Eq. (30)

Calculated from Eq. (31)

Calculated from Eq. (292)

Selected

Assumed based on UK gov-
ernment targets

Based on recent values

Based on recent values
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Symbol Description Parameter Value Source/remarks
category
Onfe Parameter driving the size of Free 34.85 Based on recent values
the interest rate spread on NFC
liabilities
Onmfi Parameter driving the size of the Free 21.63 Based on recent values
interest rate spread on NMFI
liabilities
Ops Parameter driving the size of Free 34.85 Based on recent values
the interest rate spread on PS
liabilities
Tgut Adjustment speed to long run Free 0.05 Set based on reasonable es-
government income and spending timate and to generate the
rates baseline scenario
Tragvt Adjustment speed of GVT inter- Free 0.75 Reasonable number selected
est rates to long run rate to be faster than general rates
based on observed past inter-
est rate behavior
Trahh Adjustment speed of HH interest Free 0.2 Reasonable number selected
rates to long run rate to be slower than general
rates based on observed past
interest rate behavior
Tranfe Adjustment speed of NFC inter-  Free 0.5 Reasonable number selected
est rates to long run rate from a range of values
Tranmfi Adjustment speed of NMFT in- Free 0.5 Reasonable number selected
terest rates to long run rate from a range of values
Traps Adjustment speed of PS interest  Free 0.5 Reasonable number selected
rates to long run rate from a range of values
Trigot Adjustment speed of GVT inter- Free 0.75 Reasonable number selected
est rates to long run rate to be faster than general rates
based on observed past inter-
est rate behavior
Trihh Adjustment speed of HH interest Free 0.1391 Reasonable number selected
rates to long run rate to be slower than general
rates based on observed past
interest rate behavior
Trinfec Adjustment of the average NFC Free 0.15 Reasonable number selected
debt-stock rate toward its long- from a range of values
run rate
Trinmfi Adjustment speed of NMFT in- Free 0.5271 Reasonable number selected
terest rates to long run rate from a range of values
Trips Adjustment of the average PS Free 0.15 Reasonable number selected
debt-stock rate toward its long- from a range of values
run rate
Trnrow Adjustment speed of RoW inter-  Free 0.5 Reasonable number selected
est rates to long run rate from a range of values
OyEE Energy intensity of efficient elec- Model- 0.9783 Calculated from Eq. (5)
tric housing stock constrained
OgeN Energy intensity of efficient non-  Model- 2.242 Calculated from Eq. (23)
electric housing stock constrained
01 Energy intensity of inefficient Free 5.607 Calculated from UK EPC
housing stock data
Opsb Power-sector share used to split Free 0.02744 Based on Bank of England
the combined NFC financial sectoral loan-share allocation
accounts
Opsb,debt PS debt share: the accepted Free 0.01639 Calculated from theta_psb
central scale 0.5973 equalises
initial PS/NFC debt-to-income;
scale 1 reproduces the legacy
BoE loan-share allocation
TRENDpetaHH Parameter in the equation for Free 0.0005668 Estimate based on green

green home improvements

housing investment data
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Symbol Description Parameter Value Source/remarks
category
OIMP Imported electricity price rela- Free 1.05 Assumed based on electricty

tive to the prevailing marked-up
domestic fossil marginal cost;
the small premium covers in-
terconnector losses and trad-
ing/capacity costs

loss of interconnectors
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Table 2: Symbols and initial values for endogenous variables (baseline scenario)

Symbol Description Variable Initial value Source/remarks
category

ACpp Average cost of domestic fossil Model- 0.6176 Calculated from Eq. (103)
electricity production constrained

ACNFF Average cost of domestic NFF Model- 0.2039 Calculated from Eq. (102)
electricity production constrained

CHIEER Average cost per property of Free 10 Based on heat pump instal-
converting an energy efficient lation cost estimates at 2022
home to full electric heating in prices
2022 prices (£ billion per million
homes, i.e. £10,000 per property)

CHIENR Average cost per property of Free 7.529 Based on cost of energy effi-
upgrading from EPC D /below to ciency installations at 2022
EPC C/above (non-electric) in prices
2022 prices (£ billion per million
homes, i.e. £7,529 per property)

CAPBASE,MFI Constant real reconciliation Model- 877.6 Calculated from Eq. (274)
stock, expressed in current prices constrained

CAPy Ry Regulatory capital of the MFI Model- 886.8 Calculated from Eq. (275)
sector (£ billion) constrained

CARN T Capital adequacy ratio of the Model- 0.161 Calculated from Eq. (276)
MFT sector constrained

CFNFR Unitless capacity factor of non- Model- 0.3608 Calculated from Eq. (19)
fossil electricity production constrained
(nameplate output phi_ NFF*K
in the denominator)

CONS Consumption (£ billion) Model- 460.1 Calculated from Eq. (34)

constrained

CONSgvT Government consumption (£ Model- 119.5 Calculated from Eq. (333)
billion) constrained

CONSavTR Government consumption 2022 Model- 115.5 Calculated from Eq. (340)
prices (£ billion) constrained

CONSpyg Household consumption (£ bil- Free 340.6 Taken from the ONS UK
lion) economic accounts 2024 ad-

justing for rents and FISIM

CONSpygp Household consumption (£ bil- Model- 333.3 Calculated from Eq. (389)
lion) constrained

CONSyguPR Household consumption from Model- 322 Calculated from Eq. (391)
production 2022 prices (£ bil- constrained
lion)

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

CONSpups,pom Household consumption of do- Model- 7.314 Calculated from Eq. (392)
mestically generated electricity constrained
(£ billion)

CONSyupsr Household consumption from Model- 22.87 Calculated from Eq. (395)
the power sector 2022 prices (£ constrained
billion)

CONSpguPSR,DOM Household use of domestically Model- 22.87 Calculated from Eq. (396)
generated electricity (TwH) constrained

CONSRr Real Consumption 2022 prices (£ Model- 444.6 Calculated from Eq. (38) and
billion) constrained consumption deflators

COSTER Total economy energy costs from  Model- 47.69 Calculated from Eq. (82)
electric and non-electric sources constrained
including taxes (£ billion)

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

COSTp Total ”cost” in production mod-  Model- 993.1 Calculated from Eq. (63)
ule (£ billion) constrained

COSTps Total ”cost” in power sector (£ Model- 43.19 Calculated from Eq. (94)
billion) constrained

COSTpsrFr Total cost of domestic fossil Model- 30.08 Calculated from Eq. (100)
electricity production constrained
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Symbol Description Variable Initial value Source/remarks
category
COSTpsNFF Total cost of domestic NFF elec- Model- 14.75 Calculated from Eq. (99)
tricity production constrained
COSTpsnrr,pricED Priced NFF cost equals to- Model- 14.75 Calculated from Eq. (101)
tal NFF cost over the sample: constrained
IC_PSPS retained and historical
u-NFF is one, so no capacity is
idle and nothing is scaled out
COVgrsp Proportion of production emis- Free 0.1882 Taken as a rate consistent
sions subject to ETS with UK ETS revenue in 2022
COVErsps Proportion of power sector emis-  Free 0.5 Taken as an estimate based
sions subject to ETS on OBR emission and tax
forecasts
CRNFC Credit rationing rate for NFCs Free 0.1188 Constructed from credit con-
ditions index while assuming
maximum rationing rate of
40%
CRNFC,TARGET Target credit rationing rate on Model- 0.1188 Calculated from Eq. (262)
NFC loans constrained
CRps Credit rationing rate for power Free 0.1188 Constructed from credit con-
sector ditions index while assuming
maximum rationing rate of
40%
CRps,TARGET Target credit rationing rate on Model- 0.1188 Calculated from Eq. (189)
power sector loans constrained
DEBTy ans Maastricht government debt Free 2517 Taken from UK government
memorandum stock (£ billion) Maastricht debt data
DEFNFc NFC default rates assumed to be Model- 0.0005203 Calculated from EQ. (240)
proportional to NFC Revalua- constrained
tions
DEFpg PS default rates assumed to be Model- 0.0005203 Calculated from EQ. (146)
proportional to PS Revaluations  constrained
detra Determinant of I - A matrix Model- 0.39 Calculated from Eq. (209)
for calculating Leiontief matrix constrained
coefficients
DISCgvr Lending discrepancy for the Model- -8.852 Calculated from Eq. (347)
government sector (£ billion) constrained
DISCyyh Lending discrepancy for the HH Model- 10.77 Calculated from Eq. (412)
sector (£ billion) constrained
DISCyrr Lending discrepancy for the MFI ~ Model- -21.13 Calculated from Eq. (266)
sector (£ billion) constrained
DISCNFc Lending discrepency for the NFC Model- -35.54 Calculated from Eq. (231)
sector (£ billion) constrained
DISCNMFET Lending discrepancy for the Model- 81.8 Calculated from Eq. (289)
NMFTI sector (£ billion) constrained
DISCrow Lending discrepancy for the Model- -27.04 Calculated from Eq. (467)
RoW sector (£ billion) constrained
DIV Nrow Net-Dividends received by the Free -5.44 Taken from the ONS UK
RoW sector (£ billion) economic accounts 2024
DIV PNnpc Dividends paid by the NFC sec- Free 44.34 Taken from the ONS UK
tor (£ billion) economic accounts 2024
DIV PNMET Dividends paid by the NMFI Model- 57.44 Calculated from Eq. (280)
sector (£ billion) constrained
DIV Ppg Dividends paid by the power Free 1.251 Taken from the ONS UK
sector (£ billion) economic accounts 2024 with
the power sector accounting
for a fixed proportion of NFC
financial variables
DIV R Dividends received by the House- Free 32.47 Taken from the ONS UK
hold sector (£ billion) economic accounts 2024
DIVRNFC Dividends received by the NFC Free 24.28 Taken from the ONS UK
sector (£ billion) economic accounts 2024
DIVRNMFI Dividends received by the NMFI ~ Model- 51.04 Calculated from Eq. (280)
sector (£ billion) constrained
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Symbol Description Variable Initial value Source/remarks
category
DIV Rpg Dividends received by the power  Free 0.685 Taken from the ONS UK
sector (£ billion) economic accounts 2024 with
the power sector accounting
for a fixed proportion of NFC
financial variables
DSRyFc Bounded debt-service burden Model- 0.07238 Calculated from Eq. (261)
(see Eq. DSR_NFC) constrained
DSRpg Uncapped debt-service burden Model- 173300 Calculated from Eq. (188)
(may exceed 1); denominator constrained
floored at a tiny positive value
only to avoid a zero/negative
divisor (see Eq. DSR_PS)
DYy Domestic outpout Model- 812.3 Calculated from Eq. (444)
constrained
E Total final energy use (TwH) Free 365.2 Taken from ONS DUKES
table 1.1.5
ErrLec Total final electricity use (TwH)  Free 66.88 Taken from ONS DUKES
table 1.1.5
EgrLecD Total electricity demand before Model- 66.88 Calculated from Eq. (6)
any supply constraint (TwH) constrained
Erprecpom Total domestically generated Free 66.88 Calculated from Eq. (18)
electricity use (TwH)
EgrLecrFr Domestic fossil-fuel electricity Model- 26.91 Calculated from Eq. (20)
generation (TWh), excluding constrained
structural imports
EprecH Total domestic final electricity Free 22.87 Taken from ONS DUKES
use (TwH) table 1.1.5
EprecH,pDOM Domestically generated house- Free 22.87 Calculated from Eq. (16)
hold electricity use (TwH)
EprecmAax Maximum electrical energy pro- Model- 127.3 Calculated from Eq. (8)
duction (TwH) constrained
EgprLECNFF Domestic non-fossil electricity Free 39.97 Calculated from Eq. (19)
generation (TWh), separated
from structural imports
EgrLecp Electric energy use in production Model- 44.01 Calculated from Eq. (15)
(TwH) constrained
Egprecp,pom Domestically generated electric- Model- 44.01 Calculated from Eq. (17)
ity use in production (TwH) constrained
ErgrecpD Electricity demand of the pro- Model- 44.01 Calculated from Eq. (4)
duction sector (TwH) constrained
Ey Total final domestic energy use Free 107.9 Taken from ONS DUKES
(TwH) table 1.1.5
ENELEC Total final non-electric energy Model- 298.4 Calculated from Eq. (21)
use (TwH) constrained
ENELECH Non-electric energy use in hous- Model- 85.03 Calculated from Eq. (3)
ing (TwH) constrained
ENELECP Total final production non- Model- 213.3 Calculated using Eq. (22)
electric energy use (TwH) constrained
Ep Total final energy use from pro- Model- 257.3 Calculated from Eq. (1)
duction (TwH) constrained
EMIS Total greenhouse gas emissions Free 101.5 Taken from DESNZ final
(MtCO2e) greenhouse gas emissions
table 1.2
EMISELEC Total greenhouse gas emissions Free 13.72 Taken from DESNZ final
from electricty (MtCO2e) greenhouse gas emissions
table 1.2
EMISNELEC Total greenhouse gas emis- Model- 87.83 Calculated from Eq. (24)
sions from non-electric energy constrained
(MtCO2e)
EMP Total employed people (millions)  Free 32.81 Taken from the ONS labour
market survey 2023
EMPpRry Total employed people in the Model- 27.01 Calculated from Eq. (45)
private sector (millions) constrained
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Symbol Description Variable Initial value Source/remarks
category
EMPpyp Total employed people in the Free 5.802 Taken from the ONS labour
public sector (millions) market survey 2023
EQApy Equity assets of the HH sector Free 1070 Taken from the ONS UK
(£ billion) economic accounts 2024
EQANFC Equity assets of the NFC sector Free 1379 Taken from the ONS UK
(£ billion) economic accounts 2024
EQANMET Equity assets of the NMFT sector Model- 3857 Calculated as the sum of
(£ billion) constrained other sector equity liabilities
EQApgs Equity assets of the power sector  Free 38.92 Taken from the ONS UK
(£ billion) economic accounts 2024 with
the power sector accounting
for a fixed proportion of NFC
financial variables
EQATRyy Equity asset net-transfers of the  Free -19.04 Taken from the ONS UK
HH sector (£ billion) economic accounts 2024
EQATRNFC Equity asset net-transfers of the  Free 13.59 Taken from the ONS UK
NFC sector (£ billion) economic accounts 2024
EQATRNMFT Equity assets transfers of the Model- -15.75 Calculated from Eq. (292)
NMFTI sector (£ billion) constrained
EQATRpg Equity asset net-transfers of the  Free 0.3836 Taken from the ONS UK
power sector (£ billion) economic accounts 2024 with
the power sector accounting
for a fixed proportion of NFC
financial variables
EQLNFc Equity liabilities of the NFC Free 3751 Taken from the ONS UK
sector (£ billion) economic accounts 2024
EQLNMFT Equity liabilities of the NMFI Model- 2522 Calculated as the sum of
sector (£ billion) constrained other sector equity assets
EQLps Equity liabilities of the power Free 105.8 Taken from the ONS UK
sector (£ billion) economic accounts 2024 with
the power sector accounting
for a fixed proportion of NFC
financial variables
EQLTRNFC Equity liabilities net-transfers of  Free -15.31 Taken from the ONS UK
the NFC sector (£ billion) economic accounts 2024
EQLTRNMFT Equity liability transfers of the Model- -83.46 Calculated from Eq. (291)
NMFTI sector (£ billion) constrained
EQLTRps Equity liabilities net-transfers of  Free -0.4321 Taken from the ONS UK
the power sector (£ billion) economic accounts 2024 with
the power sector accounting
for a fixed proportion of NFC
financial variables
EQNRow Equity assets of the RoW sector  Free 34.07 Taken from the ONS UK
(£ billion) economic accounts 2024
EQNTRRrow Equity asset net-transfers of the  Free -78.4 Taken from the ONS UK
RoW sector (£ billion) economic accounts 2024
ER Nominal exchange Rate Index Free 1 Taken from ONS exchange
rate index data and nor-
malised around initial con-
dition
EXCESSk psFFR Fossil power capital in excess of Model- 0 Calculated from Eq. (161)
what generation requires 2022 constrained
prices (£ billion)
EXP Total Exports (£ billion) Free 236.4 Taken from the ONS UK
economic accounts 2024
EXPr Total exports 2022 prices (£ Model- 227.9 Calculated from Eq. (455)
billion) constrained
Fp Final demand for production Model- 805 Calculated from EQ. (59)
sector products constrained
Fpr Final demand of the production Model- 777.8 Calculated from Eq. (60)
sector £ billion) (IMP_R) constrained
Fpgs Final demand of the power sector Model- 7.314 Calculated from Eq. (90)
(£ billion) constrained
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Symbol Description Variable Initial value Source/remarks

category
Fpsr Final demand of the power sector Model- 22.87 Calculated from Eq. (91)
£ billion) constrained
FAgvr Financial assets of the GVT Model- 465 Calculated from Eq. (367)
sector (£ billion) constrained
FApyg Financial assets of the HH sector Model- 6785 Calculated from Eq. (428)
(£ billion) constrained
FAyFr Financial assets of the MFI sec- Model- 7669 Calculated from Eq. (268)
tor (£ billion) constrained
FAnFpc Financial assets of the NFC Model- 2654 Calculated from Eq. (247)
sector (£ billion) constrained
FANMFET Financial assets of the NMFI Model- 9090 Calculated from Eq. (306)
sector (£ billion) constrained
FApg Financial assets of the power Model- 74.88 Calculated from Eq. (152)
sector (£ billion) constrained
FLgvr Financial liabilities of the GVT Model- 2422 Calculated from Eq. (368)
sector (£ billion) constrained
FLyg Financial liabilities of the HH Model- 2083 Calculated from Eq. (429)
sector (£ billion) constrained
FLyrpr Financial liabilities of the MFI Model- 7654 Calculated from Eq. (269)
sector (£ billion) constrained
FLNFC Financial liabilities of the NFC Model- 5398 Calculated from Eq. (248)
sector (£ billion) constrained
FLNMFI Financial liabilities of the NMFI ~ Model- 9191 Calculated from Eq. (307)
sector (£ billion) constrained
FLpg Financial liabilities of the power = Model- 133.3 Calculated from Eq. (153)
sector (£ billion) constrained
FNW Overall financial net worth - Model- -7.39-13 Calculated from Eq. (509)
should equal 0 by definition constrained
FNWavr Financial net-worth of the GVT  Free -1759 Taken directly from the ONS
sector (£ billion) UK economic accounts 2024
on the same financial-account
basis as 361
FNWavrm Model determined financial net-  Model- -1957 Calculated from Eq. (369)
worth of the GVT sector (£ constrained
billion)
FNWyy Financial net-worth of the HH Free 4382 Taken from the ONS UK
sector (£ billion) economic accounts 2024
FNWggm Model determined financial net- Model- 4701 Calculated from Eq. (430)
worth of the HH sector (£ bil- constrained
lion)
FNW Overall model determined finan-  Model- -5.684e-13 Calculated from Eq. (508)
cial net worth - should equal 0 constrained
by definition
FNWyrr Financial net-worth of the MFI Model- 9.173 Calculated from Eq. (272)
sector (£ billion) constrained
FNWyrIm Model determined financial net- Model- 15.59 Calculated from Eq. (270)
worth of the MFI sector (£ bil- constrained
lion)
FNWnNFpc Financial net-worth of the NFC Free -2991 Taken from the ONS UK
sector (£ billion) economic accounts 2024
FNWNroMm Model determined financial net- Model- -2744 Calculated from Eq. (249)
worth of the NFC sector (£ bil- constrained
lion)
FNWNMET Financial net-worth of the NMFI  Free 130.2 Taken directly from the ONS
sector (£ billion) UK economic accounts 2024
without a Maastricht-basis
adjustment
FNWNMFEIM Model determined financial net- Model- -100.9 Calculated from Eq. (308)
worth of the NMFTI sector (£ constrained
billion)
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Symbol Description Variable Initial value Source/remarks
category
FNWpg Financial net-worth of the power Free -84.4 Taken from the ONS UK
sector (£ billion) economic accounts 2024 with
the power sector accounting
for a fixed proportion of NFC
financial variables
FNWpsm Model determined financial net-  Model- -58.41 Calculated from Eq. (154)
worth of the power sector (£ constrained
billion)
FNWRow Financial net-worth of the RoW  Free 313.1 Taken directly from the ONS
sector (£ billion) UK economic accounts 2024
without a Maastricht-basis
adjustment
FNWRow M Model determined financial net- Model- 143.8 Calculated from Eq. (476)
worth of the RoW sector (£ constrained
billion)
g Nominal GDP growth rate Model- 1.019 Calculated from Eq. (41)
constrained
JLFB Initial quarterly labour force Free 0.001747 Taken from OBR labour mar-
growth rate in the baseline - ket projections
declines to half this value, evolu-
tion computed in equations
GCF Gross fixed capital formation (£  Model- 115.8 Calculated from Eq. (35)
billion) constrained
GCFgvyr Gross capital formation of the Free 20.76 Taken from the ONS UK
government sector (£ billion) economic accounts 2024
GCFgvre Conventional gross capital for- Model- 19.9 Calculated from Eq. (339)
mation of the GVT sector (£ constrained
billion)
GCFavrcRr Conventional gross capital for- Model- 19.3 Calculated from Eq. (343)
mation of the GVT sector 2022 constrained
prices (£ billion)
GCFovra Gross capital formation of the Free 0.8578 Taken by assuming govern-
GVT sector (£ billion) ment has the same initial
proportion of green invest-
ment as the NFC sector
GCFavrGaR Green gross capital formation of  Model- 0.832 Calculated from Eq. (342)
the GVT sector 2022 prices (£ constrained
billion)
GCFgvrRr Gross capital formation of the Model- 20.14 Calculated from Eq. (341)
GVT sector 2022 prices (£ bil- constrained
lion)
GCFyyg Gross capital formation of the Free 29.33 Taken from the ONS UK
household sector (£ billion) economic accounts 2024
GCFyuHar Household Gross capital forma- Model- 1.559 Calculated from Eq. (398)
tion in home improvement 2022 constrained
prices (£ billion)
GCFyHHIEER Gross fixed capital formation Model- 0.06804 Calculated from Eq. (408)
in electrification home improve- constrained
ments 2022 prices (£ billion)
GCFyHHIENR Gross fixed capital formation in Free 0.1436 Calculated such that initial
energy efficiency home improve- value is reasonable
ments 2022 prices (£ billion)
GCFyHHIER Gross fixed capital formation in Model- 0.2117 Calculated from Eq. (405)
energy efficient home improve- constrained
ments 2022 prices (£ billion)
GCFHHHINR Gross fixed capital formation in Model- 1.3 Calculated from Eq. (406)
non-energy home improvements constrained
2022 prices (£ billion)
GCFyHHuIR Gross fixed capital formation in Model- 1.512 Calculated from Eq. (402)
home improvements 2022 prices constrained

(£ billion)
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category

GCFyuNB Gross fixed capital formation Model- 27.77 Calculated from Eq. (402)
in new houses 2022 prices (£ constrained
billion)

GCFyuNBR Gross fixed capital formation Free 26.94 Taken from the ONS UK
in new houses 2022 prices (£ economic accounts 2024
billion)

GCFyur Gross fixed capital formation in Model- 28.45 Calculated from Eq. (402)
new houses (£ billion) constrained

GCFNFrco Gross capital formation of the Free 63.53 Taken from the ONS UK
NFC sector (£ billion) economic accounts 2024

GCFNFrcco Conventional gross capital forma- Model- 60.9 Calculated from Eq. (225)
tion of the NFC sector (£ billion) constrained

GCFNFcoCR Conventional gross capital for- Model- 59.07 Calculated from Eq. (228)
mation of the NFC sector 2022 constrained
prices (£ billion)

GCFNFeD Desired NFC gross capital forma- Model- 72.09 Calculated from Eq. (222)
tion constrained

GCFNFrca Green gross capital formation of  Free 2.625 Based on UK Government
the NFC sector (£ billion) Green Financing: Allocation

Report 2024

GCFNFCGR Green gross capital formation of  Model- 2.546 Calculated from Eq. (227)
the NFC sector 2022 prices (£ constrained
billion)

GCFNFCR Gross capital formation of the Model- 61.62 Calculated from Eq. (226)
NFC sector 2022 prices (£ bil- constrained
lion)

GCFpg Gross capital formation of the Model- 2.153 Calculated from Eq. (132)
power sector (£ billion) constrained

GCFps,PRIVATE Private power sector investment Model- 2.153 Reconstructed after each
realised after rationing (£ bil- constrained scenario solution
lion)

GCFpgs,PRIVATE,D Desired private power sector Model- 2.443 Reconstructed after each
investment before rationing (£ constrained scenario solution
billion)

GCFps,RATIONED Private power sector investment Model- 0.2902 Reconstructed after each
refused by credit rationing (£ constrained scenario solution
billion)

GCFpsp Total desired PS gross capital Model- 2.443 Calculated from Eq. (126)
formation constrained

GCFpsrF Gross capital formation of fossil Model- 0.6638 Calculated from Eq. (129)
fuel power capital (£ billion) constrained

GCFpsrrp Desired PS fossil fuel gross capi- Model- 0.7533 Calculated from Eq. (129)
tal formation constrained

GCFpsrrRr Gross capital formation of fossil Model- 0.6438 Calculated from Eq. (173)
fuel power capital 2022 prices (£ constrained
billion)

GCFpsNFF Gross capital formation of non- Model- 1.489 Calculated from Eq. (130)
fossil fuel power capital (£ bil- constrained
lion)

GCFpsNFFD Desired PS non-fossil gross capi- Model- 1.69 Calculated from Eq. (130)
tal formation constrained

GCFpsSNFFPRD Crowding-out only when the Model- 1.69 Reconstructed after each
government builds capacity constrained scenario solution
(GVTINVEST==1); histori-
cally SPEND_GVTPS is zero so
this is unchanged in-sample

GCFpsNFFR Gross capital formation of non- Model- 1.444 Calculated from Eq. (176)
fossil fuel power capital 2022 constrained
prices (£ billion)

GCFpspr Gross capital formation of the Model- 2.088 Calculated from Eq. (133)
power sector 2022 prices (£ bil- constrained

lion)
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Symbol Description Variable Initial value Source/remarks
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GCFg Real gross fixed capital forma- Model- 112.3 Calculated from Eq. (39) and
tion 2022 prices (£ billion) constrained GFCF deflators

GDP Gross domestic product (£ bil- Model- 584.5 Calculated from Eq. (32)
lion) constrained

GDPapy Nominal GDP on the national Free 654.1 Taken from the ONS eco-
accounts basis, used for the GDP nomic accounts
ratios (£ billion)

GDPgr Real gross domestic product 2022 Model- 565.3 Calculated from Eq. (37)
prices (£ billion) constrained

GDPRrrE Labour-determined potential Model- 587.2 Calculated using Eq. (55)
GDP (£ billion) constrained

GDPRrELEC Electricity does not constrain Model- Inf Calculated from Eq. (50)
real GDP when imports can constrained
meet the domestic capacity gap

GDPrpri Capital-determined potential Model- 693.6 Calculated using Eq. (57)
GDP (£ billion) constrained

GDPRryAx Maximum real supply con- Model- 587.2 Calculated using Eq. (51)
strained GDP (£ billion) constrained

GO Total output (£ billion) Model- 1190 Calculated from Eq. (36)

constrained

GOp Gross output from production (£ Model- 1152 Calculated from Eq. (62)
billion) constrained

GOpRr Production sector gross output Model- 1113 Calculated from Eq. (61)
2022 prices (£ billion) constrained

GOpg Gross output from the power Model- 38.71 Calculated from Eq. (62)
sector (£ billion) constrained

GOpsr Power sector gross output 2022 Model- 121 Calculated from (92)
prices (£ billion) constrained

GORr Total output (£ billion 2022 Model- 1150 Calculated from Eq. (40)
prices) constrained

GOSp Gross operating surplus from Model- 158.7 Calculated from Eq. (64)
production (£ billion) constrained

GOSpgs Gross operating surplus of the Model- -4.479 Calculated Eq. (95)
power sector (£ billion) constrained

H Total number of UK properties Free 30.06 From UK census data
(millions)

Hgg Total number of UK energy ef- Free 0.9634 From UK EPC data
ficient electric properties (EPC
rating C and above with electric
primary fuel) (millions)

Hpn Total number of UK energy ef- Free 16.69 From UK EPC data
ficient non-electric properties
(EPC rating C and above with
non-electric primary fuel) (mil-
lions)

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 Model- 0.021 Calculated as the change
UK (millions) constrained in house numbers based on

housing data

HV AL Total value of housing stock (£ Model- 8727 Calculated from Eq. (440)
billion) constrained

Iapy Import price index adjustment Model- 1.038 Calculated from Eq. (461)
based on changing basket of constrained
import goods

IBAgvT Interest bearing assets of the Free 465 Taken from the ONS UK
government sector (£ billion) economic accounts 2024

IBApy Interest bearing assets of the HH  Free 2151 Taken from the ONS UK
sector (£ billion) economic accounts 2024

IBANFC Interest bearing assets of the Free 1274 Taken from the ONS UK

NFC sector (£ billion)

economic accounts 2024
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category

IBANMEFT Interest bearing assets of the Free 4426 Taken from the ONS UK
NMFT sector (£ billion) exclud- economic accounts 2024
ing government borrowing

IBApg Interest bearing assets of the Free 35.96 Taken from the ONS UK
power sector (£ billion) economic accounts 2024 with

the power sector accounting
for a fixed proportion of NFC
financial variables

IBATRgvyT Interest bearing asset net- Free -9.236 Taken from the ONS UK
transfers of the GVT sector (£ economic accounts 2024
billion)

IBATRyu g Interest bearing asset net- Free 15.41 Taken from the ONS UK
transfers of the HH sector (£ economic accounts 2024
billion)

IBATRNFC Interest bearing asset net- Free -37.73 Taken from the ONS UK
transfers of the NFC sector (£ economic accounts 2024
billion)

IBATRNMFI Interest bearing asset net- Free -141.5 Taken from the ONS UK
transfers of the NMFT sector economic accounts 2024
(£ billion)

IBATRpg Interest bearing asset net- Free -1.065 Taken from the ONS UK
transfers of the power sector economic accounts 2024 with
(£ billion) the power sector accounting

for a fixed proportion of NFC
financial variables

IBLgyT Financial-account interest- Free 2422 Taken from the ONS UK
bearing liabilities of the gov- economic accounts 2024
ernment sector (£ billion)

IBLevTMET Financial-account government li-  Free 807.4 Taken as a proportion of total
abilities held by MFIs (£ billion) government IBLs based on

flow of funds data

IBLgyTNMFI Financial-account government Free 807.4 Taken as a proportion of total
liabilities held by NMFIs (£ government IBLs based on
billion) flow of funds data

IBLGVTRow Financial-account government li-  Free 807.4 Taken as a proportion of total
abilities held by RoW (£ billion) government IBLs based on

flow of funds data

IBLpgg Interest bearing liabilities of the  Free 2083 Taken from the ONS UK
HH sector (£ billion) economic accounts 2024

IBLNFC Interest bearing liabilities of the  Free 1647 Complement of the experi-
NFC sector (£ billion) mental PS debt share, pre-

serving the combined NFC
total

IBLNMET Interest bearing liabilities of the Free 3105 Taken from the ONS UK
NMEFT sector (£ billion) economic accounts 2024

IBLpg Interest bearing liabilities of the  Free 27.44 Experimental debt-only
power sector (£ billion) rescaling; non-debt finan-

cial stocks retain the central
split

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

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

IBLTRGyvTNMFI Interest bearing liabilities trans-  Free 21.88 Taken as a proportion of total
fers of the government sector government IBLs based on
held by NMFIs (£ billion) flow of funds data

IBLTRGvVTRoW Interest bearing liabilities trans-  Free 21.88 Taken as a proportion of total

fers of the government sector
held by RoW (£ billion)

government IBLs based on
flow of funds data
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IBLTRypg Interest bearing liabilities net- Free 15.36 Taken from the ONS UK
transfers of the HH sector (£ economic accounts 2024
billion)

IBLTRNFC Interest bearing liabilities net- Free -51.92 Complement of the experi-
transfers of the NFC sector (£ mental PS debt share
billion)

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

IBLTRpg Interest bearing liabilities net- Free -0.8652 Uses the experimental debt
transfers of the power sector (£ share consistently with 151
billion)

IBNRow Interest bearing assets of the Free -697.7 Taken from the ONS UK
RoW sector (£ billion) economic accounts 2024

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

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

ICrUELPSR Intermediate consumption of the Model- 15.75 Calculated from Eq. (207)
power sector for fuel products (£ constrained
bn 2022 prices)

ICopps Intermediate consumption of the Model- 8.833 Calculated from Eq. (206)
power sector for other production constrained
products (£ billion)

ICoppsr Intermediate consumption of the  Model- 8.535 Calculated from Eq. (208)
power sector for other products constrained
(£ bn 2022 prices)

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

ICppr Real internal intermediate con- Free 311.3 Calculated from Eq. (200)
sumption of the production sec-
tor

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

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

ICpsp,sc Supply-constrained intermediate ~ Model- 14.07 Set equal to initial 203
consumption of electricity by constrained
production sector (£ billion)

ICpspr Real intermediate consump- Model- 44.01 Calculated from Eq. (196)
tion of the production sector for  constrained
power sector products (£bn 2022
prices)

ICpspr,pOM Production sector demand for Model- 44.01 Calculated from Eq. (197)
power sector output met from constrained
domestic generation

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

ILLIQNFC Illiquidity ratio of the NFC sec- Model- 1.007 Calculated from Eq. (260)
tor constrained

ILLIQps Illiquidity ratio of the power Model- 1.211 Calculated from Eq. (187)
sector constrained

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

economic accounts 2024

IMPNON,ELEC Historical aggregate imports are Free 227.8 Calculated from Eq. (445)
the calibration base; additional
electricity imports begin only in
simulation gaps

IMPR Total imports 2022 prices (£ Model- 219.5 Calculated from Eq. (454)
billion) constrained
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INF4 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
households and a liability of the economic accounts 2024
NMFT sector (£ billion)
INSR Income payable on insurance Free 3.14 Taken from the ONS UK
entitlements economic accounts 2024
INSTR Total Insurance stock net trans-  Free -2.347 Taken from the ONS UK
fers - asset of households and a economic accounts 2024
liability of the NMFI sector (£
billion)
INTAX Total income tax received by the Model- 99.07 Calculated from Eq. (323)
government (£ billion) constrained
INTAX gy Income tax paid by the house- Free 79.91 Taken from the ONS UK
hold sector (£ billion) economic accounts 2024
INTAXNFC Income tax paid by the NFC Free 19.16 Taken from the ONS UK
sector (£ billion) economic accounts 2024
INTAXRpy Income tax rate of Households Model- 0.2193 Calculated from Eq. (326)
constrained
INTAXRNFC Income tax rate of NFCs Model- 0.05261 Calculated from Eq. (324)
constrained
INTNRow Net-Interest received by the Free 19.52 Taken from the ONS UK
RoW sector (£ billion) economic accounts 2024
INTPgvyT Interest paid by the GVT sector  Free 32.87 Taken from the ONS UK
(£ billion) economic accounts 2024
INTPyy Interest paid by the HH sector Free 15.46 Taken from the ONS UK
(£ billion) economic accounts 2024
INTPyFET Interest paid by the MFI sector Model- 66.65 Calculated from Eq. (265)
(£ billion) constrained
INTPNnFpc Interest paid by the NFC sector Free 10.4 Complement of the experi-
(£ billion) mental PS debt share, pre-
serving the combined NFC
total
INTPNMET Interest paid by the NMFI sector Free 18.85 Taken from the ONS UK
(£ billion) blue book 2023, annual data
converted to quarterly using
cubic spline interpolation
INTPpg Interest paid by the power sector Free 0.1733 Experimental debt rescaling
(£ billion) preserves the effective histori-
cal loan rate by applying the
same share as 151
INTRgvT Interest received by the GVT Free 3.089 Taken from the ONS UK
sector (£ billion) economic accounts 2024
INTRpyyH Interest received by the HH sec- Free 5.36 Taken from the ONS UK
tor (£ billion) economic accounts 2024
INTRyFT Interest received by the MFI Model- 77.75 Calculated from Eq. (264)
sector (£ billion) constrained
INTRNFC Interest received by the NFC Free 4.206 Taken from the ONS UK
sector (£ billion) economic accounts 2024
INTRNMFT Interest received by the NMFI Free 34.35 Taken from the ONS UK
sector (£ billion) blue book 2023, annual data
converted to quarterly using
cubic spline interpolation
INTRpg Interest received by the power Free 0.1187 Taken from the ONS UK
sector (£ billion) economic accounts 2024 with
the power sector accounting
for a fixed proportion of NFC
financial variables
ITAX Total indirect tax received by the Model- 65.98 Calculated from Eq. (312)
government (£ billion) constrained
ITAXNELEC ETS tax on non-electric energy Model- 0.1096 Calculated from Eq. (314)
production constrained
ITAXp Total indirect taxes - subsidies Free 64.69 Taken from the ONS UK

on production (£ billion)

economic accounts 2024
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ITAXpg Total indirect taxes - subsidies Free 1.289 Taken from the ONS supply
on the power sector (£ billion) and use tables 2024
ITAXpspr Indirect tax allocated over do- Model- 0.5459 Calculated from Eq. (319)
mestic fossil generation constrained
ITAXpsNFF Indirect tax allocated over do- Model- 0.7434 Calculated from Eq. (320)
mestic NFF generation constrained
ITAXRp Indirect tax rate (excluding Model- 0.05607 Calculated from Eq. (315)
ETS) of the production sector constrained
ITAXRpgs Indirect tax rate (excluding Model- 0.03213 Calculated from Eq. (318)
ETS) of power sector constrained
Kgvr GVT capital(£ billion) Model- 886.7 Calculated from Eq. (375)
constrained
Kavre Conventional GVT capital(£ Model- 851.2 Calculated from Eq. (376)
billion) constrained
KavrTcr Conventional GVT capital stock  Model- 825.6 Calculated from Eq. (372)
2022 prices (£ billion) constrained
Kavra Green GVT capital(£ billion) Model- 35.47 Calculated from Eq. (377)
constrained
Kovrer Green capital stock of the GVT Free 34.4 Taken as a reasonable esti-
sector 2022 prices (£ billion) mate of 4% of 2022 capital
stock
Kavrr Capital stock of the GVT sector  Free 860 Taken from the ONS capital
2022 prices (£ billion) stock tables 2023
Knyrco NFC capital(£ billion) Model- 2501 Calculated from Eq. (255)
constrained
Knrcoo Conventional NFC capital(£ Model- 2401 Calculated from Eq. (256)
billion) constrained
Knrocr Conventional NFC capital stock  Model- 2329 Calculated from Eq. (252)
2022 prices (£ billion) constrained
Knrca Green NFC capital(£ billion) Model- 100 Calculated from Eq. (257)
constrained
KNFoGR Green capital stock of the NFC Free 97.04 Taken as a reasonable esti-
sector 2022 prices (£ billion) mate of 4% of 2022 capital
stock consistent with approx-
imate UK green investment
share from ONS data and
DESNZ estimates
Knrcr Capital stock of the NFC sector  Free 2426 Taken from the ONS capital
2022 prices (£ billion) stock tables 2023
Kp Total production capital (£ bil- Model- 3388 Calculated from Eq. (83)
lion) constrained
Kpc Total conventional production Model- 3252 Calculated from Eq. (85)
capital (£ billion) constrained
Kpcr Real total conventional pro- Model- 3155 Calculated from Eq. (88)
duction capital 2022 prices (£ constrained
billion)
Kpg Total green production capital (£ Model- 135.5 Calculated from Eq. (84)
billion) constrained
Kpgr Real total green production capi- Model- 131.4 Calculated from Eq. (87)
tal 2022 prices (£ billion) constrained
Kpr Real total production capital Model- 3286 Calculated from Eq. (86)
2022 prices (£ billion) constrained
Kpg Capital stock of the power sec- Free 132.5 Taken from the ONS capital
tor(£ billion) stock 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. (183)
billion) constrained
Kpsrrr Power sector fossil fuel capital Model- 77.12 Calculated from Eq. (157)
2022 prices (£ billion) constrained
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Kpsrrr,BaAcksTop Fossil power capital retained as a Model- 0 Calculated from Eq. (160)
security of supply backstop 2022  constrained
prices (£ billion)
KpsrrRr,GEN Generation-eligible fossil capital Model- 77.12 Calculated from Eq. (7)
equals the physical stock his- constrained
torically; the backstop cap only
binds after FF_GEN_BAN in
simulation
Kpsrrr,PrRESTRAND Fossil power capital before Model- 77.12 Calculated from Eq. (158)
stranding 2022 prices (£ bil- constrained
lion)
Kpsrrr,REQUIRED Fossil power capital needed to Model- 77.12 Calculated from Eq. (159)
meet fossil generation 2022 prices constrained
(£ billion)
KpsNFF Power sector non-fossil fuel capi- Model- 57.11 Calculated from Eq. (183)
tal (£ billion) constrained
KpsNFFR Non-fossil fuel capital stock of Free 55.4 Calculated using DUKES
the power sector (£ billion) table 5.7
Kpsr Capital stock of the power sector Free 132.5 Taken from the ONS capital
2022 prices (£ billion) stock 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. (210)
intermediate consumption of the  constrained
production sector
Lpps Leiontief coefficient for the pow-  Model- 0.5143 Calculated from Eq. (211)
ersector intermediate consump- constrained
tion of the production products
Lpsp Leiontief coefficient for the pro- Model- 0.1014 Calculated from Eq. (212)
duction sector intermediate con-  constrained
sumption of the power products
Lpsps Leiontief coefficient for internal Model- 1.847 Calculated from Eq. (213)
intermediate consumption of the  constrained
power sector
LEND Overall net lending - should Model- 0 Calculated from Eq. (507)
equal 0 by definition constrained
LENDgvT Net-lending position of the GVT  Free -41.27 Taken from the ONS UK
sector (£ billion) economic accounts 2024
LENDavTMm Model determined net-lending Model- -32.42 Calculated from Eq. (345)
position of the government sector constrained
(£ billion)
LENDgy Net-lending position of the HH Free -0.471 Taken from the ONS UK
sector (£ billion) economic accounts 2024
LENDgum Model determined net-lending Model- -11.24 Calculated from Eq. (410)
position of the HH sector (£ constrained
billion)
LEND Overall model determined net Model- 5.44 Calculated from Eq. (506)
lending - should equal 0 by defi-  constrained
nition
LEND ) pr Net-lending position of the MFI Free -15.47 Taken from the ONS UK
sector (£ billion) economic accounts 2024
LENDypim Model determined net lending of Model- 11.1 Calculated from Eq. (263)
the MFT sector (£ billion) constrained
LENDNFc Net-lending position of the NFC  Free 14.17 Taken from the ONS UK
sector (£ billion) economic accounts 2024
LENDNroM Model determined net-lending Model- 49.72 Calculated from Eq. (229)
position of the NFC sector (£ constrained
billion)
LENDNMET Net-lending position of the Free 66.38 Taken from the ONS UK

NMFT sector (£ billion)

economic accounts 2024
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Symbol Description Variable Initial value Source/remarks
category
LENDNMFEIM Model determined net-lending Model- -15.42 Calculated from Eq. (287)
position of the NMFI sector (£ constrained
billion)
LENDpg Net-lending position of the power Model- -7.253 Calculated from Eq. (136)
sector (£ billion) constrained
LENDgw Net-lending position of the RoW  Free -16.09 Taken from the ONS UK
sector (£ billion) economic accounts 2024
LENDRow M Disposable income of the rest of  Model- 10.96 Calculated from Eq. (463)
the world (£ billion) constrained
LEVNFC Leverage ratio of the NFC sector Model- 0.6584 Calculated from Eq. (259)
constrained
LEVps Leverage ratio of the power sec- Model- 0.2071 Calculated from Eq. (186)
tor constrained
LF Labour force (millions) Free 34.08 Taken from the ONS labour
market survey 2023
MAASADy Observed financial-account minus Free -94.69 Calculated from Eq. (366)
Maastricht debt gap (£ billion);
retained as a diagnostic only
MCgrLEC Effective system electricity cost Model- 0.3692 Calculated from Eq. (111)
between the minimum and maxi- constrained
mum price bounds
MCrp Marginal cost of fossil fuel elec- Model- 0.5868 Calculated from Eq. (107)
tricity generation (£ bn/ TwH) constrained
NWeayr GVT net worth (£ billion) Model- -872.5 Calculated from Eq. (381)
constrained
NWyrg HH net worth (£ billion) Model- 13110 Calculated from Eq. (442)
constrained
NWnErc NFC net worth (£ billion) Model- -489.9 Calculated from Eq. (258)
constrained
NWpg Net worth of the power sector (£ Model- 48.12 Calculated from Eq. (185)
billion) constrained
OCONSgvT Other consumption of the Gov- Free 58.03 Taken from the ONS UK
ernment sector (£ billion) economic accounts 2024 by
deducting government wages
and gross operating surplus
from total government con-
sumption
OTgQanH Revaluations of equity assets of Model- 57.13 Calculated from Eq. (424)
the HH sector (£ billion) constrained
OTEQANFC Revaluations of equity assets of Model- -42.8 Calculated from Eq. (238)
the NFC sector (£ billion) constrained
OTpQANMFI Revaluations of equity assets of Model- 180.3 Calculated from Eq. (297)
the NMFTI sector (£ billion) constrained
OTEgapPs Revaluations of equity assets of Model- -1.208 Calculated from Eq. (143)
the power sector (£ billion) constrained
OTgqQLNFC Revaluations of equity liabilities Model- 175.3 Calculated from Eq. (239)
of the NFC sector (£ billion) constrained
OTEQLNMFI Revaluations of equity liabilities Model- 127.1 Calculated from Eq. (298)
of the NMFT sector (£ billion) constrained
OTgqrLps Revaluations of equity liabilities =~ Model- 4.948 Calculated from Eq. (144)
of the power sector (£ billion) constrained
OTEQNRow Revaluations of equity assets of Model- 114 Calculated from Eq. (472)
the RoW sector (£ billion) constrained
OTrgagvT Revaluations of interest bearing Model- -3.454 Calculated from Eq. (356)
assets of the GVT sector (£ constrained
billion)
OTIBAHH Revaluations of interest bearing Model- -1.288 Calculated from Eq. (423)
assets of the HH sector (£ bil- constrained
lion)
OTIBANFC Revaluations of interest bearing Model- -0.5874 Calculated from Eq. (237)
assets of the NFC sector (£ bil- constrained

lion)
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Symbol Description Variable Initial value Source/remarks
category
OTIBANMFI Revaluations of interest bearing Model- -131.1 Calculated from Eq. (295)
assets of the NMFI sector (£ constrained
billion)
OTrpaps Revaluations of interest bearing Model- -0.01658 Calculated from Eq. (142)
assets of the power sector (£ constrained
billion)
OTIBAROW Revaluations of interest bearing Model- 90.01 Calculated from Eq. (471)
assets of the RoW sector (£ constrained
billion)
OTrpravr Revaluations of interest bearing Model- -47.55 Calculated from Eq. (357)
liabilities of the GVT sector (£ constrained
billion)
OTiBLHH Revaluations of interest bearing Model- -0.567 Calculated from Eq. (427)
liabilities of the HH sector (£ constrained
billion)
OTIBLNFC Revaluations of interest bearing Model- 35.11 Calculated from Eq. (240)
liabilities of the NFC sector (£ constrained
billion)
OTIBLNMFI Revaluations of interest bearing Model- -63.68 Calculated from Eq. (296)
liabilities of the NMFTI sector (£  constrained
billion)
OTrprLps Revaluations of interest bearing Model- 0.5852 Calculated from Eq. (146)
liabilities of the power sector (£  constrained
billion)
OTins Revaluations of insurance assets ~ Model- 244.8 Calculated from Eq. (426)
of the HH sector (£ billion) constrained
OTpgnNs Revaluations of pension assets of Model- 37.02 Calculated from Eq. (425)
the HH sector (£ billion) constrained
OTrEscvT Revaluations of residual financial Model- -34.38 Calculated from Eq. (370)
instrument of the GVT sector (£ constrained
billion)
OTRESHH Revaluations of residual financial Model- -286.8 Calculated from Eq. (431)
instrument of the HH sector (£ constrained
billion)
OTRESNFC Revaluations of residual financial Model- -37.8 Calculated from Eq. (250)
instrument of the NFC sector (£ constrained
billion)
OTRESNMFI Revaluations of residual financial Model- 353.2 Calculated from Eq. (309)
instrument of the NMFI sector constrained
(£ billion)
OTRrESPS Revaluations of residual financial Model- 6.181 Calculated from Eq. (155)
instrument of the power sector constrained
(£ billion)
OTRESRoW Revaluations of residual financial Model- -19.03 Calculated from Eq. (477)
instrument of the RoW sector (£ constrained
billion)
P GDP price deflator indexed at Model- 1.034 Calculated from Eq. (42)
Q4 2022 constrained
Pg, Export prices Free 1.035 Taken from the ONS UK
economic accounts 2024 and
normalised around the initial
condition
Prrec Price of electricity Model- 0.3198 Calculated by dividing im-
(£billion/TwH) constrained plied prices to households and
production and taking the
average
Perec,BASE Base electricity price before sup-  Model- 0.3198 Set equal to initial 204
ply constraint adjustment (£bn / constrained
TwH)
PprLecrr Fossil-fuel electricity price based  Model- 0.7205 Calculated from Eq. (109)
on marked-up marginal cost constrained
PerLecivMp Price of imported electricity Model- 0.7565 Calculated from Eq. (446)
(£billion/ TwH) constrained
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Symbol Description Variable Initial value Source/remarks
category
PpLECLR Long run electricity price (£bn / Model- 0.3198 Set equal to initial electricity
TwH) constrained price
PrrecmAx Maximum electricity price set Model- 0.7205 Calculated from Eq. (110)
by the most expensive active constrained
historical source
PELECMIN Minimum electricity price based  Model- 0.2039 Calculated from Eq. (108)
directly on average NFF cost constrained
Pers ETS carbon price Free 0.00663 Calculated from Eq. (322)
(£billion/MtCO2e)
Pp Global Price index Free 1 Taken from world bank data
PrugeL Price of fuel inputs to the power  Model- 1 Calculated from the domestic
sector constrained fossil-generation share
Pgas Wholesale gas price in the UK Free 0.06182 From OBR estimates 2024
Py House prices (£ billion per mil- Free 290.3 Taken as the average house
lion houses) price from the UK house price
index
P Import prices Free 1.038 Taken from the ONS UK
economic accounts 2024 and
normalised around the initial
condition
PNnELEC Price of non-electricity energy Free 0.09337 Calculated by dividing to-
(£billion/TwH) tal non-electric costs from
DUKES table 1.1.6 by non-
electric energy use
PNELECT Non-electric energy price includ-  Model- 0.09374 Calculated from Eq. (80)
ing 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 - as-  Free 2594 Taken from the ONS UK blue
set of households and a liability book accounts 2023 - con-
of the NMFT sector (£ billion) verted to quarterly data using
cubic spline interpolation
PENSApyJy Adjustment to pension entitle- Model- 21.44 Calculated from Eq. (286)
ments as defined within the SNA  constrained
(£ bn)
PENSR Income payable on pension enti-  Free 21.39 Taken from the ONS UK
tlements economic accounts 2024
PENSTR Total pension scheme stock net Free 21.44 Taken from the ONS UK blue
transfers - asset of households book accounts 2023 - con-
and a liability of the NMFTI sec- verted to quarterly data using
tor (£ billion) cubic spline interpolation
PERSISTgxc,k psFFxcess fossil power capital sus- Model- 0 Calculated from Eq. (162)
tained over two quarters 2022 constrained
prices (£ billion)
POP Total 16+ population (millions)  Free 54.55 Taken from OBR data
PrOPNFF NFF share of PS investment Model- 0.9766 Calculated from Eq. (106)
constrained
PSpePR,REP Depreciation replacement spend-  Model- 1.677 Reconstructed after each
ing of the power sector (£ bil- constrained scenario solution
lion)
PS1r01Q,50URCES Cash sources entering the power  Model- 38.21 Reconstructed after each
sector illiquidity ratio (£ billion)  constrained scenario solution
PSrpr1Quses Cash uses entering the power Model- 46.29 Reconstructed after each
sector illiquidity ratio (£ billion)  constrained scenario solution
PSsTRAND,REP Stranded capital replacement Model- 0 Reconstructed after each
spending of the power sector (£ constrained scenario solution
billion)
TBOE Bank of England annual base Free 0.0225 From Bank of England data
rate
TBOEQ Quarterly Bank of England inter- Model- 0.005578 Calculated from Eq. (480)
est rate constrained

87



Symbol Description Variable Initial value Source/remarks
category
TIBAGVT rate of return on GVT interest Model- 0.006466 Calculated from Eq. (328)
bearing assets constrained
TIBAGVTLR Long run interest bearing asset Model- 0.007632 Calculated from Eq. (488)
interest rates for the GVT sector constrained
TIBAHH rate of return on HH interest Model- 0.002509 Calculated from Eq. (383)
bearing assets constrained
TIBAHHLR Long run interest bearing asset Model- 0.002509 Calculated from Eq. (490)
interest rates for the household constrained
sector
TIBANFC rate of return on NFC interest Model- 0.003204 Calculated from Eq. (215)
bearing assets constrained
TIBANFCLR Long run interest bearing asset Model- 0.003204 Calculated from Eq. (482)
interest rates for the NFC sector  constrained
TIBANMEI rate of return on NFC interest Model- 0.004979 Calculated from Eq. (278)
bearing assets constrained
TIBANMFILR Long run interest bearing asset Model- 0.004429 Calculated from Eq. (486)
interest rates for the NMFI sec- constrained
tor
TIBAPS rate of return on PS interest Model- 0.003204 Calculated from Eq. (116)
bearing assets constrained
TIBAPSLR Long run interest bearing asset Model- 0.003204 Calculated from Eq. (484)
interest rates for the Power sec- constrained
tor
TIBLGVT rate of return on GVT interest Model- 0.01367 Calculated from Eq. (329)
bearing liabilities constrained
TIBLGVTNMFIG Interest rate on government Free 0.01367 Calculated from Eq. (501)
green bonds held by the NMFI
sector
TIBLHH rate of return on HH interest Model- 0.007475 Calculated from Eq. (384)
bearing liabilities constrained
TIBLNFC rate of return on NFC interest Model- 0.006253 Calculated from Eq. (216)
bearing liabilities constrained
TIBLNMFI rate of return on NMFI interest Model- 0.005697 Calculated from Eq. (279)
bearing liabilities constrained
TIBLPS rate of return on PS interest Model- 0.006253 Calculated from Eq. (117)
bearing liabilities constrained
TIBNRoW rate of return on RoW interest Model- -0.0105 Calculated from Eq. (464)
bearing assets constrained
TIBNRoWLR Long run net interest bearing Model- -0.0009014 Calculated from Eq. (492)
asset interest rates for the RoW  constrained
sector
TKFF Return rate on FF capital Model- -0.274 Calculated from Eq. (105)
constrained
TKNFF Return rate on NFF capital Model- -0.03561 Calculated from Eq. (104)
constrained
re Rate of employment Free 0.9627 Taken from the ONS labour
market survey 2023
REER Real effective exchange rate Model- 1.035 Calculated from Eq. (462)
constrained
RESgvT Residual financial instrument of ~ Model- 197.9 Calculated from Eq. (371)
the GVT sector (£ billion) constrained
RESHH Residual financial instrument of ~ Model- -319.2 Calculated from Eq. (432)
the H sector (£ billion) constrained
RESyFr Residual financial instrument of Model- -6.417 Calculated from Eq. (272)
the MFI sector (£ billion) constrained
RESNFpC Residual financial instrument of Model- -246.8 Calculated from Eq. (251)
the NFC sector (£ billion) constrained
RESNMFT Residual financial instrument of Model- 231.2 Calculated from Eq. (310)
the NMFTI sector (£ billion) constrained
RESps Residual financial instrument of Model- -25.99 Calculated from Eq. (156)
the power sector (£ billion) constrained
RESRpow Residual financial instrument of ~ Model- 169.4 Calculated from Eq. (478)
the RoW sector (£ billion) constrained
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category

RESTRgvT Residual financial instrument Model- 33.6 Calculated from Eq. (349)
transfer of the GVT sector (£ constrained
billion)

RESTRuu Residual financial instrument Model- -0.5674 Calculated from Eq. (413)
transfer of the HH sector (£ constrained
billion)

RESTRNFC Residual financial instrument Model- -28.93 Calculated from Eq. (235)
transfer of the NFC sector (£ constrained
billion)

RESTRNMFI Residual financial instrument Model- -2.405 Calculated from Eq. (293)
transfer of the NMFI sector (£ constrained
billion)

RESTRps Residual financial instrument Model- -7.869 Calculated from Eq. (140)
transfer of the PS sector (£ bil- constrained
lion)

RESTRRow Residual financial instrument Model- 12.58 Calculated from Eq. (470)
transfer of the RoW sector (£ constrained
billion)

RoWpRr Real RoW Demand Free 22.27 Taken from global output

data

RoWp, Exogenous initial Growth of Free 1.007 Taken as a reasonable esti-
RoW Prices (1.03% p.a.) - de- mate
clines gradually to 1.025% p.a.,
evolution computed in equations

RPNFC Retained profits of the NFC Model- 113.2 Calculated from Eq. (121)
sector (£ billion) constrained

RPpg Retained profits of the power Model- -5.1 Calculated from Eq. (121)
sector (£ billion) constrained

U Rate of unemployment Model- 0.03725 Calculated from Eq. (56)

constrained

RWANMFET Risk-weighted MFI assets using Model- 5508 Calculated from Eq. (273)
transparent Basel-style exposure  constrained
weights

SAVyg Household savings (£ billion) Model- -27.88 Calculated from Eq. (397)

constrained

SOCB Total social benefits received by =~ Model- 103.5 Calculated from Eq. (388)
the Household sector (£ billion)  constrained

SOCBgvT Social benefits paid by the Gov-  Free 82.8 Taken from the ONS UK
ernment sector (£ billion) economic accounts 2024

SOCBNMFT Social benefits paid by the NMFI  Free 20.68 Taken from the ONS UK
sector (£ billion) economic accounts 2024

socc Total social contributions paid Model- 97.5 Calculated from Eq. (387)
by the Household sector (£ bil- constrained
lion)

SOCCgvr Social contributions received Free 55.38 Taken from the ONS UK
by the Government sector (£ economic accounts 2024
billion)

SOCCNMFI Social contributions received by Free 42.13 Taken from the ONS UK
the NMFI sector (£ billion) economic accounts 2024

SOCCRgvT Social contribution rate on gov- Model- 0.152 Calculated from Eq. (330)
ernment social contributions constrained

STRANDpsrp Total stranding of fossil power Model- 0 Calculated from Eq. (174)
capital (£ billion) constrained

STRANDpsrFR Total stranding of fossil power Model- 0 Calculated from Eq. (172)
capital 2022 prices (£ billion) constrained

STRANDpsrrr,ceN Economic stranding of fossil Model- 0 Calculated from Eq. (169)
power capital 2022 prices (£ constrained
billion)

STRANDpsrrr,canpandidate economic stranding of Model- 0 Calculated from Eq. (163)
fossil power capital, before the constrained

pre-stranding cap
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Symbol Description Variable Initial value Source/remarks
category
u Rate of capital capacity utilisa~ Free 0.815 Based on data from the direc-
tion torate General for Economic
and Financial Affairs - 2021
and 2022 extrapolated
UFF Utilisation of fossil based elec- Model- 0.3083 Calculated from Eq. (122)
tricity capital constrained
UNFC,W uNFC_W = ut] in base case (no Model- 0.815 Calculated from Eq. (58)
NFC policy) constrained
UNFF Utilisation of non-fossil based Model- 1 Calculated from Eq. (123)
electricity capital constrained
upg Utilisation of domestic power- Model- 0.5255 Calculated from Eq. (124)
sector capital constrained
ups,w Geometrically discounted ex- Model- 0.5255 Calculated from Eq. (125)
pected PS utilisation for 2:L constrained
(CRED-blended)
uc Unit costs of the production Model- 0.8924 Calculated from Eq. (66)
module constrained
w Total wages including mixed Free 364.3 Taken from the ONS UK
income (£ billion) economic accounts 2024
Wprr Total private wages (£ billion) Model- 302.8 Calculated from Eq. (75)
constrained
WpuB Total public wages (£ billion) Free 61.49 Taken from the ONS UK blue
book accounts 2023 - con-
verted to quarterly data using
cubic spline interpolation
Ws Wage share of GDP Model- 0.6233 Calculated from Eq. (69)
constrained
WR Overall wage rate (£ thousands)  Model- 11.1 Calculated from Eq. (70)
constrained
WRpRI Private sector wage rate (£ thou- Model- 11.21 Calculated from Eq. (73)
sands) constrained
WRpuB Public sector wage rate (£ thou- Model- 10.6 Calculated from Eq. (74)
sands) constrained
YDgvr Government disposable income Model- 107.9 Calculated from Eq. (311)
(£ billion) constrained
YDuynu Household disposable income (£  Model- 312.8 Calculated from Eq. (386)
billion) constrained
YDnFrc NFC disposable income (£ bil- Model- 133.3 Calculated from Eq. (217)
lion) constrained
YDNMET NMFI disposable income (£ Model- 9.106 Calculated from Eq. (277)
billion) constrained
YDpgs Disposable income of the power Model- -4.534 Calculated from Eq. (118)
sector (£ billion) constrained
Y Py Household income from produc- Model- 386.7 Calculated from Eq. (382)
tion (£ billion) constrained
YPnFc NFC income from production (£ Model- 152.5 Calculated from Eq. (214)
billion) constrained
Y Prow RoW income from production (£ Model- -8.568 Calculated from Eq. (443)
billion) constrained
AFUELPS Technical coefficient for the Model- 0.1301 Calculated from Eq. (207)
power sector intermediate con- constrained
sumption of fuel products
aopps Technical coefficient for the Model- 0.07051 Calculated from Eq. (208)
power sector intermediate con- constrained
sumption of other production
products
app Technical coefficient for internal =~ Model- 0.2798 Calculated from Eq. (200)
intermediate consumption of the  constrained
production sector (real terms)
apps Technical coefficient for the Model- 0.2006 Calculated from Eq. (195)
power sector intermediate con- constrained

sumption of production products
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apsp Technical coefficient for the pro-  Model- 0.03955 Calculated from Eq. (191)
duction sector intermediate con-  constrained
sumption of the power products

apsps Technical coefficient for internal Model- 0.4474 Calculated from Eq. (205)
intermediate consumption of the  constrained
power sector

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

Bgut Proportion of government green Model- 0.04132 Calculated from Eq. (338)
investment constrained

Bnfe Proportion of NFC green invest-  Model- 0.04132 Calculated from Eq. (224)
ment constrained

BNFF Historical non-fossil electricity Model- 0.5976 Calculated from Eq. (98)
share equals beta NFF_GEN: constrained
electricity trade is not sep-
arated in the sample, so
E_ELECIMP_BASE is zero

BNFF,DOM Share of non-fossil generation in Model- 0.5976 Calculated from Eq. (96)
domestic electricity supply constrained

BNFF,GEN Share of non-fossil fuel electrical =~ Model- 0.5976 Calculated from Eq. (97)
energy in total electrical energy constrained
production

‘xp Depreciation rate of Production Free 0.02149 Calculated from the ONS
sector capital capital stock tables 2023

SKPSFF Depreciation rate of power sector Free 0.01227 Calculated from the ONS
fossil capital capital stock tables 2023

SKPSNFF Depreciation rate of power sector Free 0.01227 Calculated from the ONS
non-fossil capital capital stock tables 2023

€ Energy intensity of production Model- 0.2312 Calculated from Eq. (2)
(TwH) constrained

A Labour productivity rate - GDP  Model- 17.23 Calculated using Eq. (48)
per employee constrained

m Mark up over unit costs for the Model- 0.1704 Calculated from Eq. (65),
domestic production module constrained floored at 0.001 for log stabil-

ity
v Capital productivity rate Model- 0.2111 Calculated from Eq. (49)
constrained

WELEC Emission intensity of fossil Model- 0.5098 Calculated from Eq. (26)
fuel electric energy production constrained
(MtCO2e/TwH)

WNELEC Emission intensity of non- Model- 0.2944 Calculated from Eq. (25)
electric energy production constrained
(MtCO2e/TwH)

Op Share of electric energy for pro- Model- 0.171 Calculated from Eq. (14)
duction in total energy for pro- constrained

duction (TwH)
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