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1. Introduction

This document describes the technical details of version 1.0 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 model’s 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 introduce 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. 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 based and direct energy use 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: High-level overview of the DEFINE-UK model

Finance Macroeconomy
/ Confr‘i:;:.:ions Government NFCs \

MFls b - -
Social Benefits . capital | IBLs
------ N
TR apital | By s || 1. |28
i__Provision .+ Tax > EQLs
IBLs L | IBAs
IBAs Net Worth EQAS Net WQrt!I RoW ]
ot Word Households i
Public] cons| GcF[ |tax  GcF]  Gos| —
} Houses IBLs Wages| IBAs s
Interest IBAs (Intermediate CONS \ EQLs
4 @A_SI coms v Power ] EQAS
Non-MFls Dividends Pensions| Net Worth =
I GoF apitall|| IBLs C
t tota Production Import
IBAs ||| IBLs Social I 1 W:;s | IBAs ||[EQLs mports
buti 1
EQLs Contributions \ | |EQ As |N“ wﬂﬂq Exports
QAS L
E Networtl | Social Benefits \ | \ : )
\. / ¥ Electricity CONS i
Household Non- Housing __ : ] ? 1
¥ electric Emissions | efficiency * I
Proportion of | |
= = = —— - E IECtﬂc — —| non-fossil | "
cosyste m Emissions capital 1
[ ]
& .
1 Production Non- Proportion of
electric Emissions green capital

Notes: CONS': consumption, FQAs: equity assets, EQLs: equity liabilities, GCF': gross capital formation
(investment), GOS: gross operating surplus, IBAs: interest-bearing assets, IBLs: interest-bearing liabilities,
MFIs: monetary financial institutions, non-MFIs: non-monetary financial institutions, NFCs: non-financial
corporations (apart from power sector corporations), RoW: rest of the world. Solid lines represent monetary
flows while dashed lines represent non-monetary flows (such as energy use) or behavioural constraints (such as
credit provision).

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
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.

"'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

Flows Sector

Production NFCs PS MFIs Non-MFIs 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 MF1Is +0.9 +0.02 -16.8 +5.6 +0.6 +1.5 +8.2 0
Dividends paid to NMFIs -8.2 -0.2 +12.9 -4.5 0
Dividends received from NMFIs +3.5 +0.1 -12.8 +5.0 +4.2 0
Taxes on income -2.4 +14.9 -12.5 0
Social contributions +7.4 +8.5 -15.9 0
Social benefits -3.9 -14.2 +18.1 0
Other income oo oo oo 48 T 448 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 (apart

from power sector corporations); PS: power sector; MFIs: monetary financial institutions; NMFIs: non-monetary financial institutions; GV T:
government; HH: households; RoW: rest of the world.
* The residual transaction captures the net position of flows that are not explicitly included in the model; see George et al. (2025).

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
like NFCs model determined net lending position:

LENDNrcymt = RPyrot — GCFnFcy

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

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



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.

tion of production products:

AL(CONSgrpt) = ecamp(aocuup + crcaapL(Y Dypi—1)
+ agcraPL(FNWrgi-1) — L(CONSHmpi—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,
aicggp in the above equations describes the long run relationship between household in-
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
government, consumptions:

Wiy

OCON Sgvri = aoconsavrGDP_1 (2)

Where it is assumed that this variable maintains a fixed relationship with the previous periods
GDP. Fixed relationships like this could be driven by behavioural equations, however it has
been decided to model them exogenously. The justification for such a choice can vary, for
other government consumption it is assumed that government spending is a policy variable
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Table 3: Stock-flow matrix, 2021 - 2022 (£ million), UK

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

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.



3. Full model description

3.1. Ecosystem

The ecological side of the model considers primarily the role of energy use, electric or direct,
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.

3.1.1. Energy

Energy is considered in an aggregate way, similar to the DEFINE-GLOBAL model. However,
unlike the global DEFINE, a distinction is made between the energy produced by households from
activities within the home, such as heating and the use of electrical appliances, and the energy used
in production, which includes all other final energy use. This distinction helps us isolate energy
use in homes, which is mostly independent of economic activity from other energy use. Household
energy use in homes is a relatively large proportion of final energy use within the UK, so this
extension allows us to consider more directly the role of households in UK energy use and also
allows us to look at policy scenarios that directly target the household sector.

Rather than directly distinguishing between fossil fuel and non-fossil fuel energy, as is the case
within the global DEFINE model, the model instead distinguishes between electricity and direct
energy. 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
direct energy refers to all other energy use such as the direct burning of fossil fuels in vehicles or
houses. Electricity can be provided by either fossil fuel or non-fossil fuel sources, whereas direct
energy is assumed to be entirely fossil fuel based. This allows the model to more directly assess the
transition of the electricity grid towards non-fossil fuel sources and the impact of electrification,
including the price of electricity, on the wider economy.

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

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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Ey =Epi+ Efy (1)
Ep; = ¢GOppry (2)
Eut = Egrecat + Epme (3)

The total electricity (Erprgc) is the sum of the electricity for production (Egrrcp) and elec-
tricity for housing (Egrpcm) (9). The maximum electricity (Egrrcomax) that can be generated
at an time is given as the sum of the capital efficiency of the fossil fuel and non-fossil fuel electricity
capital (EF Fpp & EFFnprp) multiplied by the respective real capital of fossil fuel and non-fossil
fuel power capital (Kpsprr & Kpsnrrr) (Eq. (5)). In this context, the efficiency parameters
capture several properties, including the average capacity factor, defined as the ratio between av-
erage electricity production to maximum electricity production (Bolson et al., 2022), technological
improvements to electricity production, the conversion between monetary capital value and elec-
tricity production and implicitly the operating hours of power plants. Fossil fuel efficiency is set as
a constant; this is due to UK fossil fuel sources being almost entirely gas-fired power plants which
have limited scope for further energy efficiency improvements, with these plants already operating
at almost 80% of Carnot efficiency* Non-fossil fuel efficiency can and will change over time and this
process is described by Equation (?7). It is worth highlighting that in general, the non-fossil fuel
capital efficiency is lower than the fossil fuel capital efficiency, mainly due to the variable nature
of renewable energy production, leading to a lower capacity factor for non-fossil fuel capital. This
means that, as is common in the environmental literature (Hirth and Steckel, 2016), non-fossil fuel
electricity production is more capital intensive than fossil fuel production.

Eerect = Eerecpe + EErecH!: (4)
Eprecmaxt = CFrrKpsrrrt + CFNFrtKpSNFFRE (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 (EFprpcrr) 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.

Eprecnrre = min(Egrectoprec, CENFRiKPSNFFRE) (6)

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

10



Egrecrrt = EeLect — EELECNFFt (7)

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

while the value Bgprpcmrm reflects the proportion of use of electricity in non-fully electric houses®.

Errecpt = 0piEpy (8)
Errecut = OurHn + 0ueNnHent)BerecH + OnpeHER: 9)

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

Ept = (Eppt + Epmt) (10)
Eppt = (1—0p;)Ep; (11)
Epmt = OurHp + O0upnHent) (1 — BeLECH) (12)

3.1.2. Emissions

The total greenhouse gas emissions (EMIS) are split into direct energy consumption emissions
(EM1Sp) and electricity emissions (EMISgrLec) (Eq. (13)). Direct energy consumption emis-
sions, which arise from entirely fossil fuel based direct energy use, are calculated as the product of
the direct energy consumption emission intensity (wp) and total direct fossil energy consumption
(Ept) (Eq. (14)). Electricity emissions are then calculated as the product of the electricity emission
intensity (wgrpc) and the provision of fossil fuel-based electricity (Errecrr) (Eq. (15)).

EMIS; = EMISp: + EMISELEC: (13)
EMISDt == WDtEDt (14)

SRelating to common electrical uses from household white goods etc.
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EMISgrect = weLectEELECFF (15)

These equations are highly aggregated, so the model cannot look at changes within the direct
energy mix nor changes to the fossil fuel electricity energy mix. The latter is justified for the
UK somewhat by the dominance of gas generation and little scope to green fossil fuel electricity
production (aside from moving to non-fossil fuel sources). On direct energy consumption, again
the model cannot look at changes to the energy mix, in the time period of the model scenarios
(around 15 years) this is somewhat justifiable; however, there are important technological changes
that could be ignored here such as low carbon hydrogen which is a focus of UK government policy
(UK Department for Energy Security and Net Zero, 2021). Such technologies are still in their
infancy in the UK and there is limited reliable data or projections to assess them directly at this
stage; if this changes then the model could be expanded to consider hydrogen and other direct
energy use more explicitly. Therefore, for the purposes of this model, the aggregated form of direct
energy consumption and electricity emissions is sufficient and it is possible to implicitly capture
technological improvement through efficiency parameters, which will be described in the next set
of equations.

3.1.8. Ecological efficiency and technology

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

The energy efficiency of production (€) is driven by the ratio of green productive capital to
conventional productive capital, the higher the use of green capital, the less energy is required per
unit of real output, reflected by a reduction in the value of € (Eq. (16)). The capacity factor of
non-fossil fuel electricity production (CFypp) is variable and is reduced according to the ratio
between non-fossil fuel and fossil fuel energy production (Eq. (17)). It may seem counter-intuitive
that the non-fossil capacity factor falls as electricity production rises, in reality there are two effects
occurring at the same time, a positive technological effect and a negative capacity volatility effect.
For technological change, greater use of non-fossil capital, along with general exogenous efficiency
improvements to the technology, would be expected to increase non-fossil fuel efficiency over time.
However, in the short term this is likely to be smaller than the negative impact of higher non-fossil
fuel electricity production resulting from non-fossil fuel energy sources including renewable energy
which generates intermittent electricity based on weather conditions; as the prevalence of non-fossil
fuel electricity increases, it is expected that this intermittence will result in a higher frequency of
periods where non-fossil electricity is effectively wasted, thus reducing the average capacity factor
of non-fossil fuel electricity production. This is calibrated based on recent data on non-fossil fuel
electricity production in the UK which suggests a negative relationship between the proportion of
non-fossil fuel capital in the energy mix and its efficiency level. This implicitly assumes no major
technological changes to electricity storage in the UK, which could mitigate against this effect.

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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Furthermore, changes to the non-fossil fuel energy mix, such as an increase in nuclear electricity
generation, would mitigate against this issue. Therefore, Eq. (17) has been parametrised to be less
pessimistic than past UK data would suggest, in order to partially account for the development of
other forms of non-fossil electricity generation.

The proportion of electricity used in the production process (6p) is driven by the ratio of
green productive capital to conventional productive capital, the higher the use of green capital,
the greater the use of electricity in the productive process (Eq. (18)). The intensity of direct
energy consumption emissions (wp) is driven similarly by the ratio of green productive capital to
conventional productive capital, with a greater use of green capital resulting in a lower emission
intensity (Eq. (19)).” Finally, the emission intensity of electricity production (wgrpc) reduces
based on the ratio between non-fossil fuel and fossil fuel energy production(Eq. (20)). This
captures the merit-order effect® resulting in a fall in average emissions of fossil fuel electricity
production as there is greater non-fossil fuel penetration in energy markets.

(1 + 771) : (Emax - emin)

€ = €min + 1+ mef1(Epai-1/Kpci-1) (16)

CFpi = CFyin + (e Z ) (17
Ope=1- 1+ 7r3enlss;P7cr?1/KPCt1 (18)

WDt = Wdmin + (11 i:ﬁ(é;ﬁz;ﬁ/}{iifs) (19)
WELECt = Wemin + (Lt 75) - (Wemas — Wemin) (20)

1 + msers(Epreenrri—1/EpLpcrri-1)

3.2. High-level macroeconomic variables

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

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

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

8 As lower cost non-fossil fuel energy sources expand this changes the order in which power plants are dispatched
to meet energy demand with the least efficient, most costly, plants ceasing their operations first.
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Total gross output in the economy” (GO) is defined as the sum of gross output for the two input-
output sectors in the model; gross output from production (GOp) and gross output from the power
sector (GOpg).

While high level macroeconomic variables are demand determined there are supply constraints
in the model. The role of supply in post-Keynesian analysis is often under-emphasised when com-
pared to demand. This may be in part in opposition to the fully supply-determined approach of
many main macroeconomic models such as DSGE and CGE approaches, although it is also due to
the post-Keynesian argument that supply-side factors, such as technology and productivity, will
respond to some extent to demand pressures (Stockhammer, 2023). Setterfield (2023) argue that
supply side constraints can and should be integrated into post-Keynesian macroeconomic models
and Stockhammer (2008) show how post-Keynesian inflation theory introduces a form of labour
supply constraint. Furthermore, ecological macroeconomic models such as EUROGREEN and DE-
FINE (D’Alessandro et al., 2020; Dafermos et al., 2017) both include a form of supply constraints.
There are several areas where supply will constrain the model, most notably through the rela-
tionship between prices and employment. However, the model does not feature a non-accelerating
inflation rate of unemployment (NAIRU), which is often assumed in mainstream macroeconomic
approaches. As output can also expand the supply constraint, lower unemployment, despite lead-
ing to higher wages, is not necessarily inflationary. This is in line with criticisms of the NAIRU by
Storm and Naastepad (2011), with the model rejecting the binary trade-off between unemployment
reduction and controlling inflation.

GDP, = CONS, + GCF, + EXP, — IMP, (21)
CONS; = CONSg: + CONSavr (22)

GCF, = GCFypcy + GCFpgy + GCFayry + GOFymy (23)
GO; = GOp; + GOpg (24)

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

GDPgr; = CONSp + GCFry + EX Pry — IM PRy (25)

Including intermediate inputs to production.
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CON S,

CONSp; = (26)
Pp;
GCFpy = GO (27)
Ppy
GOp = C (25)
Ppy

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

GDP,

_ 29

%= GDP, (29)
GDP,

T GDPg (30)

Turning to supply within the model, the model employs a Leontief-type production function for
both labour and capital. Therefore, the productivity of both labour and capital must be defined
within the model. Labour productivity per worker () is set as a function of real growth GDPg
as a Kaldor-Verdoorn relationship (Kaldor, 1975), while also including the growth of real produc-
tive investment (excluding housing investment) as an additional factor of productivity growth a
la Thirlwall (2007) (Eq. (31)). This allows the model to account for demand-driven productiv-
ity growth as per the post-Keynesian tradition, while allowing productive investment to have an
additional positive impact on the growth of productivity through capital deepening. Real capital
productivity (v) is defined as a constant based on its initial value (Eq. (32)), this is a reasonable
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.

ALXN = apr + 010A(L(GDPrt)) + asxA(L(GCFry — GCFrmrt))) (31)
AVt = 0 (32)

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

GDPg

EMP; = (33)
¥
LF,
EMPpyp = —~—EMPpypi—1 (34)
LF; 4
EMPpgriy = EMP, — EM Ppyp: (35)
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Now to define the supply constraint explicitly, real full employment GDP (GF Prrg)'C is equal
to the total labour force (LF') multiplied by labour productivity (A) (Eq. (36)). Real full cap-
ital utilisation GDP (GDPgrk)*! is equal to the total real productive capital (Kpr) multiplied
by capital productivity (v) (Eq. (37)). Maximum electricity determined output is based on the
maximum electricity available to the production process ((Frrecmaxt — Frrecm:) multiplied by
the proportion of electricity use in production (thetap) and the energy efficiency of production (e)
(Eq. (38)). Taken together, these three constraints generate the maximum real GDP (GDPgasax)
which is defined as the minimum of these supply constraints (Eq. (39)). This is similar to the ap-
proach taken in the DEFINE model (Dafermos et al., 2017), where maximum GDP is the minimum
of several separate supply side constraints.

GDPrrg: = M LF, (36)

GDPgrit = viKpRt (37)

GDPrreLEc = (EELECcMAxt — EpLpcHt)OPier (38)
GDPryraxt = min(GDPrrgt, GDPrrit, GDPRrrELEC) (39)

Both the labour force (LF)? and the total population (POP) are driven exogenously based on
data from the Office for Budget Responsibility (OBR, 2025) (Egs. (40) & (41)). The employment
rate (re) is defined as the total number of people employed (EM P) divided by the labour force
(LF) (Eq. (42)) with the unemployment rate (ru) being defined as the remainder (Eq. (43)).
The capital utilisation rate (u) is then defined as the ratio between real GDP (GDPg) and capital
determined maximum GDP (GDPgrri) (Eq. (44)).

LF; = grroBrLF;—1 (40)

POP, = POPogn: (41)
EMP,

e ="Ip (42)

rug =1 —reg (43)
GDPr;

= 44

ut GDPrrit (44)

3.3. Production

This section will focus on how the production modules behaves within the model. A key
challenge that is faced is that production is not isolated to a single sector with this problem
exacerbated by a lack of sufficient whom-to-whom data.'® To address this, the production module

10This is the labour supply constraint.

"This 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.

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).
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is defined separately from any one model sector. The production module is therefore initially
defined as the destination of all GDP expenditure flows and the origin of all GDP income flows.

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

3.8.1. 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
(CONSuup), the total consumption of the government (CONSgyr) and exports (EXP) (Eq.
(45)). The real final demand for production products (Fppg) is then given as the sum of the real
components of the final demand (Eq. (46)). The real gross output of the production (GOpp) sector
is then calculated from the coefficients of the Leontief inverse matrix multiplied by the real final
demand for the two input output sectors in the model (Eq. (47)). Nominal gross output from pro-
duction (GOp) is then derived by multiplying the real gross output of production (GOppg) by the
production price deflator (Pp) (Eq. (48)). Total input costs of the production module (COSTp)
are defined as the sum of total wages (W), indirect taxation on production (I7T'AXp), intermediate
consumption of production products (ICpp),intermediate consumption of power sector products
(ICpgsp) which is predominately electricity used for production and imports from the rest of the
world (IMP)(Eq. (49)).

Fpi = CONSygpi + CONSqyr: + GCF, + EXP; (45)
Fpie = CONSuupni + CONSayrm + GCFu + EX Py (46)
GOpgrt = LpptFprt + LppsiFpsre (47)

GOpy = GOpRriPpy (48)

COSTpy = Wi + ITAXpy + ICppy + ICpspy + IMP, (49)

it 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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The production price deflator (Pp) is defined based on a simple mark-up (MU) over the unit
costs (UC) in the previous period (Eq. (50)).'° Unit costs (UC) are defined as the total nominal
cost of production divided by the real output of production (GOpr) (Eq. (51)). The mark-up
(MU) itself varies according to the capital capacity utilisation rate (u) (Eq. (52)). This partially
addresses a common critique of fixed mark-up pricing'® which posits that the mark should vary
based on macroeconomic conditions. Capacity utilisation serving as a driver of price mark-ups
is similar to country models such as EUROGREEN (D’Alessandro et al., 2020). However, unlike
EUROGREEN, the definition of the mark up means that if capacity utilisation falls, firms will
reduce their mark-ups in an attempt to attract more customers and restore their rate of capacity
utilisation.

Pp; = (1 + MUt)UC't_1 (50)
COSTp;

— -t 1

U GOprt (51)

MUt = OpU U (52)

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

The wage share (Wg) is defined as the total wage bill divided by GDP. The wage share evolves
based on a logistic equation, where it depends negatively on the unemployment rate (ru) (Eq.
(53)). The dynamics of the wage share are similar to the approach of the global DEFINE model
(Dafermos et al., 2017). This is consistent with the analysis of Stirati and Paternesi Meloni (2021)
where a ‘structural’ Phillips-type relationship is found between the unemployment rate and the
wage share. The wage rate (Wg), or wage per employee, is defined as the total wage (WsGDP)
divided by the total number of employees (EM P) (Eq. (54)). 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 Rpry) wage rates
are defined as multiples of the total wage rate (Eqs. (55) & (56).17

1

Wst = 1+ e—(cows—a1wsrut) (53)
GDP,

— 4

WRy = Wsy EMP, (54)

W Rprrt = BwrprIW Ry (55)

WRpypt = BwrpuBW Ri—1 (56)

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)

"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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Wprrt = WRprit EM PpRrry (57)
Wpuet = WRpuptEM Ppyp: (58)
Wi = Wprn + Wpubt (59)

Direct energy prices and costs are also defined within the production module, as the power sector
only covers electricity production, with these values having a behavioural impact on proportions
of green investment within the model. The price of direct energy consumption (Pp) is defined
as a fixed mark-up over the prices of gas (Pgas) and oil (Porr), with the proportion of these
different fuels in the direct energy consumption mix being assumed to remain constant during the
simulation period (Eq. (60)). Gas and oil prices are assumed to be based on global prices and are
therefore exogenous to the model, growing according to OBR forecasts (OBR, 2025). The price of
direct energy consumption including taxes (Ppr) is given by adding the indirect tax per unit of
direct energy (ITAXp/Ep) to the non-taxed price of direct energy consumption (Eq.(60)). The
price of fuel (Ppypgr) 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. (62)). The total cost of direct energy (COSTp) is given as the price of
direct energy (Pp) multiplied by total direct energy use (Ep) (Eq. (63)). The real total cost of all
energy use in the economy, including energy taxes, is given as the sum of the cost of direct energy
(COSTp), the total tax paid on direct energy use (ITAXp), the final consumption of electricity
by households (CONSypps and the intermediate consumption of electricity by the production
module (ICpgp); all divided by the level of production price (Pp) (Eq. (64).

Pp. = ap(BpaasPcast + BporLPorrt) (60)

ITAX
Ppri = Ppy + TDt (61)

Dt
Pruer: = apruerPaast (62)
COSTp; = PpiEpy (63)

COST, ITAX CONS IC
COSTEp — Dt + Dt +P HHPSt T 1Cpspt (64)
Pt

Productive capital (Kp) in the model is defined as all non-housing capital so is given by the
total capital stock of non-financial corporations (Kypc) and the government (Kgyr) (Eq. (65)).
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. (66) & (67)). Real
productive capital levels are defined similarly on the basis of the real NFC and government capital
stocks (Egs. (68), (69) & (67)). The depreciation of productive capital (0xp), which is assumed
to be the same rate for NFC and government capital, is constant (Eq. (71)). As described in the
Energy Efficiency and Technology Section, the ratio between green and conventional capital is a
key driver of energy efficiency and emission reduction within the model. This follows the approach
of Dafermos et al. (2017) and means that decarbonisation requires a certain level of investment.
However, there is no explicit innovation process that governs energy efliciency, as is the case for
the EUROGREEN model (D’Alessandro et al., 2020).
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65
66
67

Kpi = Knrct + Kavre (65)
Kpct = Knroat + Kavrat (66)
Kpcr = Knrect + Kavrot (67)
Kpri = Knrore + Kavrre (68)

(69)
(70)
(71)

Kpart = Knroart + KavTare
Kpcrt = Knrocrt + Kavrere

Ok Pt = Okpe

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 (CONSppps) (Eq. (72)). The real final
demand for power sector products (Fppr) is then given as the sum of the real value of household
consumption (Eq. (73)). The real gross output of the power (GOpggr) 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. (74)). Nominal gross output of the power sector
(GOpS) is then derived by multiplying the real gross output of the power sector (GOpgsg) by the
price of electricity (Prrrec) (Eq. (75)). The total input costs of the power sector (COSTpg) are
defined as the sum of indirect taxation on the power sector (ITAXp), intermediate consumption
of production products (ICpsp)'® and intermediate consumption of products of the power sector
(ICpsps) which is predominantly electricity used within the electricity production process (Eq.

(76)).

Fpsi = CONSyupst (72)

Fpspt = CONSupupsrt (73)

GOpsrt = LpsptFprt + LpspsiFpsrt (74)
GOpst = GOpsriPeLECH (75)
COSTpsi = ITAX psi + ICpps: + ICpsps: (76)
GOSps; = GOpg: — COSTps; (77)

The power sector generates electricity from both fossil fuel (Fprpcrpr) and non-fossil fuel
(Eprecnrr) sources. The ratio between non-fossil fuel electricity and total electricity (Bnrr) is
defined in Eq. (78). The total operating cost for non-fossil fuel energy production (COSTpsnrF)
is defined as the total indirect taxes on non-fossil fuel energy production (ITAXpsnrr), a share
of the non-fossil fuel based intermediate consumption, with the share assumed to be proportional
to the amount of non-fossil fuel energy in the energy mix (Syrr) and the total depreciation of

B This includes wages paid to employees in the power sector and any imports of the power sector.
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non-fossil fuel capital (dxkpsKpsnrr). (Eq. 79). The total operating cost for fossil fuel energy pro-
duction (COSTpsrr) is defined similarly except all intermediate consumption for fuel production
(ICruELPs) is attributed to fossil fuel generation costs (Eq. (79)). The average costs of non fossil
(ACNFr) and fossil (ACEr) electricity are then defined based on their total costs divided by the
share of the respective energy source multiplied by the real output of the power sector (GOpgr)
(Egs. (81) & (82)).

E
- ]:;ECNFFt (78)
ELECt

COSTpsnrrt = ITAXpsnrre + (ICpspst + ICoppst) BNFFi—1 + Ok pst K pSNFFi—1 (79)
COSTpsprt = ITAXpsrri+I1CrupLpst+(ICpspst+1Coppst)(1—Bnrri—1) + 0k st Kpsrre—1

(80)
COSTpsNFFt
AC = 81
NEFY ™ GOpsriBNFre (81)
cOoST
ACrpy — PSFFt (82)

GOpsri(1 — BNFFL)

Although average costs are tracked in the model, electricity prices are set on the basis of
marginal costs, where the electricity price is driven by the cost of producing an additional unit
of electricity. This better replicates how electricity is priced in reality within the UK (Stirati and
Paternesi Meloni, 2021) and has a significant impact on the behaviour of the model. Therefore, the
marginal cost of fossil fuel electricity production (M Crp) is defined based on the variable costs of
fossil fuel production: the cost of fuel input ICryErps and the cost of emissions due to emission
pricing COVgrspsPers EM ISE o 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
the carbon price (Eq. (83)).20 For non-fossil fuel generation, there is no fuel input or emission tax,
so it is assumed that the marginal cost of non-fossil fuel electricity production is effectively zero,
as pointed out by Heal (2022).2!

Now, these two marginal costs must be used to define the total marginal cost of electricity
that will drive the electricity price. Given that the marginal cost of fossil fuels is always higher
than that of non-fossil fuels, one approach would be to define the marginal cost of electricity as
equal to that of fossil fuels until a full non-fossil fuel transition is achieved. However, this would
be misleading for several reasons. The first reason is that energy demand and the energy mix vary
significantly over time, this volatility means that at around 60-70% non-fossil energy production it
becomes likely that, at least temporarily, the electricity grid will be supplied by entirely non-fossil
sources. This is supported in the case of the UK by Carbon Brief (2024) where it is observed
that the share of electricity in the UK generated from fossil fuels fell to a record low of 2.4% on
April 15th, 2024, this is despite average yearly fossil fuel electricity generation still accounting for
around 40% of total electricity generation. This brings the UK National Grid Electricity System
Operator (NGESO) closer to their goal of running the UK electricity network without fossil fuels,

19This is generally less than one due to exemptions and free carbon credits provided to firms.

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.
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for short periods, by 2025 a goal they are confident of reaching (Carbon Brief, 2024). Given that
wholesale electricity prices in the UK adjust every 30 minutes, even an hour of fully non-fossil
electricity production could significantly lower electricity prices temporarily. To account for this
the model employs a non-linear relationship where, as the proportion of non-fossil fuel electricity
provision rises, the marginal cost of electricity production falls, accounting for greater frequency
of fully non-fossil fuel based electricity production, this non-linear relationship is described in Eq.
(84).The price of electricity (Prrrc) is then set based on a fixed mark up over the marginal cost
of electricity production (Eq. (85)).

ICrueLPst + COVErspsiPErsitEMISELEC:

MCrpt = z (83)
ELECFFt

MCgrLEct = MCrpri(1 — BNppg)MOELEC (84)

Prrepct = 14+ MUgLec)MCELEC: (85)

We distinguish between several different utilisation rates for power generation based on the
source of power. The utilisation rate of fossil and non-fossil based power (Upp & Unpp) are given
by their respective electricity output divided by their maximum level of output (Egs. (86) & (87))
22 Overall power sector capacity utilisation (Upg) is then defined as the overall current electricity
use, divided by the maximum possible electricity output (Egs. (88)).

EerLecFFt
UFFt = ——— 86
' CFrrKrrp (86)
ErrLecNFFt
" CFnprKnrrre + KavrNrrre) (87)
FE
upg; = ——ZLECt (88)
Egrecmaxt

Unlike the production module, the power sector is an asset holding sector with a sectoral net-
lending and net worth positions, it therefore holds assets, has property income and its own fixed
capital formation. This reflects one the innovations of this model, as most models with input-
output sectors, even when they follow a stock-flow consistent approach (such as D’Alessandro
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. However, it
does increase model complexity and following this approach makes it more difficult to expand the
input-output structure of the model which, for full SFC-IO models, can include a large number of
different input-output sectors.

Interest payments to the power sector are based on respective rates of return on interest bearing

22 As non-fossil power tends to always have a lower marginal cost it will be utilised before fossil based power,
therefore Unpr will generally be significantly higher than Urpp.
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assets (IBAPY) and interest bearing liabilities (IBL"S) (Eqs.(89)&(90)). Disposable income of
the power sector (Y Dpg) is then defined as the gross operating surplus of the sector plus minus
a portion of this gross operating surplus attributed to the government sector based on the gov-
ernments share of electricity producing capital (GVTgrecs), its net interest payments and any
subsidies the sector recieves. (Eq. (91)). 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. (92)). Dividends paid by the power sector are set as a fixed proportion of their
gross output (Eq. (93)). 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. (94)).

INTRpsi = ripapsitI BApsi—1 (89)
INTPps; = riprpsiI BLpsi—1 (90)
YDpgt = GOSpst — (GVTgLEcst-1GOSpst) + INTRpsy — INT Ppsy + SUBSps: (91)
DIV Rps; = ﬁdpsEEQﬂ DIV PNMFI (92)
QLNMFIE
DIV Pps; = aprvppsGOpst (93)
RPpst =Y Dpgs: + DIV Rpsy — DIV Ppg; (94)

The desired investment in fossil fuel (GCFpsprp) and non-fossil fuel (GCFpsyrrp) power
capital is driven primarily by capacity utilisation, similarly to what we will see later for the NFC
sector. Firms have a desired capacity utilisation rate ury, based on historical values, and will
change their investment levels based on their proximity to this target. However, for both forms of
investment, there are two different utilisation rates which are relevant for investment decisions. The
utilisation of the specific power type and the overall utilisation of the power sector. Therefore, to
account for the importance of both these utilisation rates, these equations will take the geometric
mean of the two as the utilisation driver within the respective investment equations. Therefore,
following the post-Keynesian tradition, electricity supply will adjust to meet demand, although
investment does take time and sudden changes in electricity demand can still put pressure on
electricity supply. Furthermore, by distinguishing between respective capacity utilisations power
sector firms are additionally incentivised to invest in more highly utilised forms of capital which
provides an incentive to invest in non-fossil based power capital (Egs. (95) & (96)).

GCFpsrrpt GCFpsrrpi—1
————— = apGCeFrPSFF + a1GorpPsFF(VUFF - Ups — UT) + 0GCFPSFF—
Kpsrri—1 Kpsrri—2
(95)
GCFpsNFFDt GCFpsNFFDi—1

= apGCFPSNFF + 01geFPSNFF(VUNFF - ups — UT) + Q2GCFPSNFF Kps
PSNFFt—2

(96)

Kpsnrri—1

Actual fossil fuel (GCFpgrr) and non-fossil fuel (GCFpgypr) gross capital formation are
subject to credit rationing where it is assumed that firms seek finance to cover their desired level
of investment and that only a portion of this finance is provided based on the level of power
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sector credit rationing (CRps) (Egs. (97) & (98)). 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 (GC'Fpg) (Eq. (99)). Real gross capital formation levels are defined
by dividing the nominal gross capital formation by the production price deflator (Pp) (Egs. (100),
(101) & (102)). The net-lending position of the power sector (LENDpg) is then defined as the
retained profits of the sector minus actual sectoral investment (Eq. (103)).

GCFpsrrt = (1 — CRpsi)GCFpsrrpt (97)
GCFpsnrrt = (1 —CRpst) - GCFpsNFFD (98)
GCFpgst = GCFpsnrrt + GCFpsrrt (99)
GCFpspt = GCFpsrrrt + GCFpsNFFRe (100)
GCF
GCFpsrrrt = % (101)
Pt
GCF
GCFpsNFFRt = w (102)
Pt
LENDps; = RPpg; — GCFps; (103)

Interest bearing (IBAT Rpg) and equity asset (EQAT Rpg) transfers are assumed to equal a
fixed proportion of the gross output (GOpg) of the power sector (Egs. (104) & (105)). Equity
liability transfers (FQLT 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.
(106)). Interest bearing liability transfers (IBLT Rpg) serve as the residual stock transfer and
equal the net transfers of all other financial assets (Eq. (107)). The residual financial instrument
transaction of the power sector (REST Rpg) grows exogenously as a fixed proportion of GDP (Eq.
(108)).

IBATRps; = arpapsGOpst

EQATRps; = apgapsGOpst 105

104)

)

EQLTRpst = Opss EQAT RN\ FIt 106)
)

)

(
(
(
IBLTRps; = (IBATRps; + EQATRpg; + RESTRpst) — (LENDpgy + EQLTRps;) (107

RESTRps; = npspGDP,_y (108

Other transfers, which include price revaluations and other changes in asset value, are driven in
a variety of ways within the model (Egs. (109) - (112)). 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. (109)).
Other transfers relating to equity assets (OTggaps) are given as a portion of the other transfers
of NMFT equity liabilities (OTgganmrr) (Eq. (110). 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
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government, which serves as an approximation for the so-called ‘risk-free interest rate (Eq. (111)).
Other transfers relating to interest-bearing liabilities (OTrprps) 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 its rate of change is entirely driven by defaults (Eq.
(113)). The default rate of the power sector (DEFpg) is then proportional to the illiquidity ratio
(ILLIQps) where the higher the illiquidity of the power sector leads to higher defaults (Eq. (114)).

OTipapst = 01paps(IBApsi—1) (109)
FQApg;_

OTkrqgapst = destTEQLNMFH (110)

EQLNMFIt—1

DIV P,
OTgqrLpst = Pat — EQLpsi—1 (111)
rieLavTt + BEQLPS
OTrespst = Oresps(RESpsi—1) (112)
OTiprpst = —DEFps - (IBLpst—1) (113)
d

DEFpg; = €fmaa (114)

1+ defopsedefl*defQILLIQPSt71

The financial stocks of the power sector develop according to their respective financial transfers
and other transfers (Egs. (115) - (118)). Total financial assets and liabilities are defined in Egs.
(119) & (120). Financial assets minus liabilities give the power sector model determined financial
net worth (FNWpgar) (Eq. (121)). The residual financial instrument develops similarly to other
financial assets (Eq. (122)) and is then added to the model determined financial net worth to give
the overall power sector financial net-worth FNWpg (Eq. (123)).

IBApg; = IBApgi_1 +1IBATRpgs; + OTrgapst (115)
IBLpsi = IBLpsi—1 + IBLTRps; + OTrprpst (116)
EQApst = EQApsi—1 + EQATRpst + OTgqapst (117)
EQLpst = EQLpst—1 + EQLT Rpst + OTgpqLpst (118)
FApgsi = IBAps; + EQApg; (119)

FLpsi = IBLpsi + EQLps: (120)
FNWpswmt = FApsi — FLps: (121)

RESps, = RESpsy_1 + RESTRps; + OTrpspsi (122)
FNWpsy = FNWpsy: + RESps; (123)

The capital stock of the power sector is split into fossil fuel and non-fossil fuel capital stock,
with the real value of power capital being used as a proxy for the energy electricity production
capacity of both fossil and non-fossil electricity. The real value of fossil fuel (Kpsprr) and non-
fossil fuel (Kpsyrrr) are increased through real gross capital formation, while a portion of the
previous periods real capital stock is lost to depreciation (Eqgs. (124) & (125). These stocks are
summed to give the overall real capital stock (Kpsgr) of the power sector (Eq. (126)). Nominal
capital stock values are then calculated by multiplying real capital by the production price deflator
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(Egs. (128) - (130)). Power sector net worth is defined as the sum of net financial and real assets
(Eq. (131)).

Kpsrrre = (1 — 0xpst)Kpsrrri—1 + GOFpsprpe (124)
Kpsnrrr: = (1 = dxpst) Kpsnrrri-1 + GOFpsNFRRt (125)
Kpsrt = Kpsrrrt + KpsnFrRi (126)

dxpPst = OKPSt—1 (127)

Kpsi = Kpsnrrt + Kpsrrt (128)

Kpsrrt = KpsrrriPpt (129)

Kpsnrrt = KpsnrrriPpt (130)

NWpsi = FNWpst + Kpst (131)

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. (132)). The illiquidity
ratio of the power sector (ILLIQ) pg) captures the ratio between cash outflows to cash inflows for the
sector (Eq. (133)). The debt-service ratio of the power sector (DSRpg) is the ratio of disposable
income less depreciation of capital and before interest payments to total interest payments (Eq.
(134)). The level of credit rationing (CRpg), which constrains the level of investment of the power
sector, is driven by a logistic equation. The rate of credit rationing depends negatively on the
sectors debt service ratio and positively on the ratio of MFI liabilities to MFI assets (Eq. (135)).
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; = ——25 (132)
Kpsi
ILLIQps; = INTPpst + ITAXpst + DIV Ppst + GCFpgst + 0k pst K pst /
e + IBAT Rps; + EQAT Rps; + ICppsi + ICpspsi
(GOPSt 4+ INTRpsi + DIVRps: + EQLT Rpg; + IBLTRPSt) (133)
Y Dpst — dxpstKpsi—1 + INT Pps;
D = 134
SEpst INT Ppg; (134)
1

CRpgt = (135)

1 4+ e—(aocrps+aicrpsCRpsi—1—a2cpsDSRpsi—1+ascrps(FLyrre—1/FAymFpre-1)

3.8.8. Input-output calculations
This section will describe the simple two sector input output system present within the model.??
The approach taken to input-output relationships is standard, see Miller and Blair (2009) for more

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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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. (136)-(141)). In particular, the technical coefficient governing
electricity use by production (alphapgp) decreases through lower energy intensity (e;) and increases
through greater electrification of production (6p) (Eq. (137)). The technical coefficient for fuel
input into electricity production (aryprps) is directly related to the share of fossil fuel electricity
production in the electricity generation process (Eq. (140)). 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 = OPPLR (136)

apspt = €0py (137)

apsSpSt = APSPSLR (138)

QOPPSt = QOPPSLR (139)
arveLpst = (1 — BNFFi-1)0FUELPSR (140)
appst = OZFUELPStM + aoppst (141)

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. (142)-(150)).

ICpsprt = apsptGOPpR: (142)
ICruELPsrt = arueLPstGOPSRe (143)
ICoppsrt = aoppstGOpsht (144)
ICppt = appiGOpy (145)
ICpspt = ICpspriPELEC (146)
ICpspst = apspsiGOps; (147)
ICppst = ICFuELPst + ICoppst (148)
ICruELPst = ICrUuELPSRPFUELL (149)
)

ICoppst = ICoppsrtPpt (150

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 this directly below?* (Egs: (151)-(155)).

detrar = (1 — appe)(1 — apspst)) — ((appst)(apspe)) (151)

24These equations describe a simple 2X2 matrix inversion.
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(1~ apspst)

Lopr =g (152)
Lppst = CO;;I;Z (153)
Lpspt = 32?2; (154)

Lpspst = (1d_etcjjft) (155)

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.

The primary income of non-financial corporations (Y Pyp¢) is the sum of the gross operating
surplus of the production module (GOSp), interest received (INTRypc) minus interest paid
(INTPyFc) (Eq.(156)). The equations for interest payments are based on respective rates of return
on interest-bearing assets (I BAnrc) and interest-bearing liabilities (IBLypc) (Egs.(157)&(158)).
NFC disposable income (Y Dyp¢) is then given as primary income minus income tax (Eq.(159)).

Y Pyrei = GOSpr + INTRypey — INT Py e (156)
INTRNpct = r1BaANFCtIl BANFCt—1 (157)
INTPNrct = riBLNFetI BLNFCOt—1 (158)
YDnpot =Y Pnrot — INTAXNFCt (159)

Dividends received by firms (DIV Rypc) are a proportion of the dividends paid by NMFIs
multiplied by the share of NFC equity assets (Eq. (160)). Dividends paid by firms (DIV Pyrc)
are given as a fixed proportion of their disposable income (Eq. (161)). This leaves NFCs retained
profit (RPypc), to be used for investment, as their disposable income after accounting for dividend
transactions (Eq. (162)).

nfcEQA
DIV Rypco: = Bange EQANFOr - DIV Pyyrie (160)
EQLnmFr
DIV Pnrct = aprvenreY Dnrct (161)
RPNpct =Y Dnpetr + DIVRNpc: — DIV Pypey (162)

NFC gross capital formation demand (GCFypcp), captures the desired investment level of
the firm sector (Eq. (163)). A Kaleckian approach is followed when estimating this equation, as
described by Blecker (2002) where investment depends positively 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
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between the current rate of capacity utilisation (u) and the target capacity utilisation (uz).2% This
effectively means that firms will seek to increase investment levels whenever capital is highly utilised
as this is a signal that they require more capital to satisfy future demand. The actual level of NFC
gross capital formation (GCFypc) is subject to credit rationing where it is assumed that firms
seek finance to cover their desired level of investment and that only a portion of this finance is
provided based on the level of NFC credit rationing (CRyrc) (Eq. (164).

GCFNFcDt
Knrcot—1

GCFNFcDi—1

163
Knrcoi—2 (163)

= apgerNFC + cigorNFe(Us — Ur) + C2GCFNFC

GCFnrct = (1 = CRNpct)GCFNEeDt (164)

The NFC gross capital formation is divided between green and conventional capital, with 3, s.
representing the portion of the gross capital formation allocated to green capital. Green capital is
assumed to be both less energy intensive and favour electricity over direct fuel sources, therefore,
the proportion of green investment is driven by the relative price of electricity versus direct energy
consumption along with the total cost of energy relative to energy use (Eq. (165)). So, the decision
between green and conventional technologies is primarily based on relative costs along with the
overall cost of energy. The relative cost term that relates direct energy to electricity prices uses a
sigmoid function, in this case the hyperbolic tangent (Tanh) to reflect that the price elasticity effect
is unlikely to be linear, and as one energy price diverges significantly from the other the impact on
the proportion of green investment would be expected to decline. This ratio then defines the level
of green and conventional capital investment (Eqgs. (166) & (167).

COSTERi—
/anct = QQbetaNFC + albetaNFCTanh( ) + a?betaNFC$ (165)
Pgrect Ei 4
GCFnrcgt = Bnfeat GCFNEct (166)
GCFnrcct = GCFnpey — GCFnroar (167)

The real levels of gross capital formation are then defined by dividing the nominal levels by the
production price deflator (Pp) (Egs. (170) - (170)).

GCFnrcrt = GCFnreare + GCFNRocRe (168)
GCF
GCFNFoGRt = %CG?E (169)
Pt
GCF
GCFNFccRrt = %m (170)
Pt

Non-financial corporation model determined net lending (LENDypcar) is defined as their
retained profits less gross capital formation spending (Eq. (171)). The lending discrepancy is
driven exogenously as a portion of GDP (Eq. (172)) with the actual NFC net lending position
defined as the model determined net lending plus the lending discrepancy (Eq. (173)).

251t should be highlighted that, while desired investment is not impacted by profits, lower income will reduce NFC
debt-service ratio and increasing the level of credit constraints on the sector, effectively reducing investment through
the financial channel
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LENDNrcmt = RPnrot — GCENECt (171)
DISCnrct = nnrerGD Py (172)
LENDNpc: = LENDNpoye + DISCNEc: (173)

Interest bearing (IBATRyrc) and equity asset (EQATRypc) transfers are assumed to equal a
fixed proportion of the gross output (GOp) of the production module (Egs. (174) & (175)). Equity
liability transfers (FQLTRyFrc) 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. (176)). Interest-bearing liability transfers (IBLT Rypc) serve as the residual stock transfer
and equal the net transfers of all other financial assets (Eq. (177)). The residual transaction of the
financial instruments of the NFC sector (REST Rypc) grows exogenously as a fixed proportion of
GDP (Eq. (178)).

IBATRNFct = arpanrcGOpy (174)

EQATRNFrct = apQanrcGOpy (175)

EQLTRyrpor = (1 — 0,0)(BEQAT Ryarrre) (176)

IBLTRNpo: = (IBATRNFCt + EQATRNFc: + RESTRNFCt) — (LENDNFCt + EQLTRNFCt)
(177)

RESTRNpct = qNnreBGD P4 (178)

Other transfers, which include price revaluations and other changes in asset value, are driven
in a variety of ways within the model (Eqgs. (179) - (184)), 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. (179)). Other transfers relating to equity assets (OTpganrc)
are given as a portion of the other transfers of NMFI equity liabilities (OTggannmrr) (Eq. (180).
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. (181)). 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 its rate of change is entirely driven by defaults (Eq. (182)). The default rate of the NFC
sector (DEFypc) is then proportional to the illiquidity ratio (ILLIQxNFc) where the higher the
illiquidity of the NFC leads to higher defaults (Eq. (183)).

OTipanrct = 6r1Banrc(IBANFCi—1) (179)
OTgganrct = OTegrnmrre — (OTeQanu: + OTEQapst) (180)
DIV P,
OTgqLNFCt = NECE — EQLNFct— (181)
TIBLGVTt + BEQLNFC
OTreinrot = —DEFNFpct - IBLNFCOt—1 (182)
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DEFNFCt = 1 +defONFcedefl—defgILLIQNFCt71

(183)

OTresnrct = OresnFe(RESNFCt—1) (184)

The financial stocks of the NFC sector develop according to their respective financial transfers
and other transfers (Egs. (185) - (188)). Total financial assets and liabilities are defined in Egs.
(189) & (190). Financial assets minus liabilities give the NFC sector model determined financial
net worth (FNWyxgen) (Eq. (191)). The residual financial instrument develops similarly to other
financial assets (Eq. (192)) and is then added to the model determined financial net worth to give
the overall NFC sector financial net-worth FNWype (Eq. (193)).

IBANpct = IBANpci—1 + IBATRNyFpcet + OTrBaNFCt
EQANFct = EQANFot—1 + EQATRNFpct + OTEQANFCH
IBLNFpct = IBLypct—1 + IBLTRypct + OTIBLNFCH

EQLNrot = EQLNFct—1 + EQLTRypet + OTeQLNFCH 188

(185)
(186)
(187)
(188)
FAnpct = IBANFct + EQANFCt (189)
(190)
(191)
(192)
(193)

186
187

FLnrct = IBLnFpct + EQLNFCt 190
FNWNrcomt = FAnret — FLnFct 191
RESNFct = RESNFci—1 + RESTRNEct + OTRESNFCH 192

FNWnNrct = FNWNreomt + RESNFCt 193

The capital stock of the NFC sector is split into conventional and green capital stock. The
real value of conventional (Kyrccr) and green (Knrocr) are increased through real gross capital
formation, while a portion of the previous periods real capital stock is lost to depreciation (Egs.
(194) & (195). These stocks are summed to give the overall real capital stock (Kypcr) of NFC
sector (Eq. (196)). The nominal capital stock values are then calculated by multiplying the real
capital by the production price deflator (Eqgs. (197) - (199)). NFC sector net worth is defined as
the sum of net financial and real assets (Eq. (200)).

Knreort = (1 = dxpt) Knrocri—1 + GCFNFCoR: (194)
Knrogre = (1 = 0xpt) KNFogri—1 + GOFNFCGRY (195)
Knrcre = KNnrocre + KNFOGR (196)

Knrot = Knreot + Knroat (197)

Knrcot = KnrooriPrt (198)

Knrcat = KNrocriPpe (199)

NWnrcet = FNWNrot + Knret (200)

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. (201)). The illiquidity
ratio of the NFC sector (ILLIQNFc) captures the ratio between cash outflows and cash inflows
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for the sector (Eq. (202)). 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. (203)). The level of credit rationing (CRypc),
which constrains the level of investment of the NFC sector, is defined similarly to that of the power
sector. It depends negatively on the sectors debt service ratio and positively on the ratio of MFI
liabilities to MFI assets (Eq. (204)). 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
LEVNpe = — VO (201)

Knrct

INTPNpct + INTAXNFct + DIV Pnror + GCFnror + Okt KNt /
+ IBATRNFpc: + EQAT RyFpct

(GOSPt + INTRNpor + DIVRNpor + EQLT Rypot + IBLTRNFCt) (202)

ILLIQNFCt = <

YDnrct — 0k ptEKNFei—1 + INT Pypcy

DSR = 203
e INTPyrey (205)
CR = !
NECE = 1 4+ e—(aocrNnretaicrnFeCRNFot—1—a2cRNFCDSRNFot—1+ascrNre (FLypre—1/FAMFpI-1)
(204)

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 Egs.
(135) & (204). 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
(INTRpsrr) and interest paid by MFIs (INT Pyrrr) (Eq.(205)). MFT Interest received and paid is
the sum of respective rates of returns and stock levels (Eqgs.(206)&(207)). The lending discrepancy
is driven exogenously as less the sum of all the other exogenously driven discrepancies within the
model (Eq. (208)) with the actual NFC net lending position defined as the model determined net
lending plus the lending discrepancy (Eq. (209)).

LENDyrpive = INTRypre — INT Py (205)
INTRMFR = INTPNFCt + INTPPSt + INTPNMFR + INTPGVTt + INTPHHt (206)
INTPypr = INTRNpo: + INTRpgt + INTRN v + INTRayr + INTRppe + INT NRow

(207)
DISCypr = —(DISCnFper + DISCnyrrne + DISCayry + DISCrp: + DISCrowe)  (208)
LENDrii = LENDypive + DISCrrre (209)
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The total MFI financial assets (F Aprpr) are given as the sum of all other sectors’ interest-
bearing liabilities, while the total MFI financial liabilities are given as the sum of all other sectors’
interest-bearing assets (Egs. (210) & (211)). Financial assets minus liabilities give the MFI sector
model determined financial net worth (FNWyrrrar) (Eq. (212)). The residual financial instrument
is given as less the sum of all the other residual financial instruments in the model?®(Eq. (213))
and is then added to the model determined financial net worth to give the overall MFI financial
net-worth FNWypr (Eq. (214)).

FAypr =IBLypet +IBLpsi + IBLN e + IBLovryvrn + IBLgp: + IBLow:  (210)

FLyrre = IBANpct + IBApst + IBANyMFr + IBAgyT: + IBAgm: + IBARowt (211)
FNWypivme = FAvrpn — FLyrn (212)

RESyrre = —(RESgm: + RESNrct + RESnvrrn + RESps; + RESgyre + RESrow:) (213)
FNWypre = FNWyprvme + RESyrr (214)

3.4.8. Non-monetary financial Institutions

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

NMFTIs disposable income (Y Dyprpr) is defined as the sum of their interest and dividend
receipts minus their interest and dividend payments (Eq. (215). The interest received and the
interest paid are equal to the sum of the relevant rates multiplied by the associated stock values
(Egs. (216) & (217)). NMFI dividends received are equal to the sum of the dividend payments of
the other model sectors as it is assumed that the NMFT sector is the destination of all dividend
payments and the source of all dividend flows (Eq.(218)). The dividends paid by NMFIs are
then given as a fixed proportion of their available net-income prior to dividend payments, where
(aprvpnmrr) is between 0 and 1 (Eq. (219)).27

YDnyrre = UINTRynyrr + DIVRNvrr) — UNTPynyrre + DIV Pyarre) (215)
INTRNyvEr = riBANMFIHL BANMFI—1 + "1BLGv T BLGY TN MFIE—1 (216)
INTPNyvrpre =riBLNME-IBLNvE—1 (217)

2680 the MFTI sector is the counterpart to all residual financial instruments by assumption.

2"This approach will inevitably lead to overestimating dividend flows to and from NMFIs. However, the net flows
are consistent with the data and this approach is a convenient way of dealing with a lack of data on whom-to-whom
dividend flow data.
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DIVRNyER = DIV Pypor + DIV Ppgy (218)
DIV PNyvrpr = aprvenmrer(DIVRN e + INTRyvpre — INT Py avrre) (219)

Investment income related to pension PEN SR and insurance schemes (//NSR) that is payable
to households are defined based on the disposable income of NMFIs and the relative share of
pensions and insurance assets (Eqs. (220) & (221)).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 NMFI sector (SOCCnasrr) are then equal to the investment income from pensions plus a
proportion of household wage income (Eq. (222)). Social benefits paid by NMFIs (SOCC) are
predominantly pension-related transfers and are therefore modelled as proportional to the overall
value of pension schemes (Eq. (223)). The pension adjustment (PENSapy) is defined as the net
social contribution minus social benefit of the NMFT sector (Eq. (224).%

PENS;_1
PENSR; = YD _1- 220
+ = appNSRY DNMF-1 PENS, 1+ INS, . (220)

INS;_1

INSR; = YD _1- 221
t = OINSR NMFIt—1 PENS, | +INS, ; ( )
SOCCnyrre = PENSR: + asocew Wi (222)
SOCBNmFre = asocBPENSPENS;_1 (223)
PENS spj: = SOCCNyME: — SOCBNMFETE (224)

NMFT model determined net lending (LEN Dy rrrar) is defined as their disposable income and
net flows related to pension and insurance schemes (Eq. (225)). The lending discrepancy is driven
exogenously as a portion of GDP (Eq. (226)) with the actual NFC net lending position defined as
the model determined net lending plus the lending discrepancy (Eq. (227)).

LENDNyrivt =Y Dnyrre —INSRy — PENSRy + SOCCnyrre — SOCBNyyvpre — PENSAD

(225)
DISCnyvrne = nmpirGD P (226)
LENDNyFe = LENDNyrpive + DISCnyvrn (227)

Interest bearing asset transfers (IBAT Ry ) are set exogenously as equal to a fixed pro-
portion of gross output (GO) (Eq. (228)). Equity liability transfers (EQLT Ry rr) 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. (229)), 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 RyFr)

281t should be highlighted that these flows, while payable to households, do not actually represent accessible
household income. They are the income of pension and insurance schemes which increase the value of these funds
held by households. The national accounting convention of recording this as household property income is followed;
however, in the model both these flows will directly end up as household pension and insurance transfers leading to
growth of these respective assets.

29This is an imputed flow paid to households by NMFIs however it will be used to define the pension transfers of
the household sector.
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are then equal to a fixed proportion of the equity liability transfers (Eq. (230)). Interest-bearing
liability transfers (IBLT Rnprr) serve as the residual stock transfer and equal the net transfers of
all other financial assets (Eq. (231)). The residual financial instrument transaction of the NMFI
sector (RESTRN 1) grows exogenously as a fixed proportion of GDP (Eq. (232)).

IBATRNMFr: = aranmrrGOy (228)
EQLTRNyrre = EQATRNpeot + EQATRps; + EQAT Ry gy + EQNT Rrowe (229)
EQATRNyvFEr = YEQNMFPIEQLT RN vEr (230)

IBLTRNymFPre = IBATRNyrn + EQAT RNy + IBLTRagyryvrene + RESTRNvF)
— (LENDypre + BEQLT Ry + PENSTR, + INSTR) (231)

RESTRNMFEre = MvmrisGDP (232)

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 (Eqs. (233) - (235)). Other transfers related to equity assets (OTgganmrr) are
defined based on the other transfers of equity amongst the other sectors in the model (Eq. (236)).
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. (181)). Other transfers relating to pensions (OTpgns)
and insurance schemes (OT7xng) are based on the other transfers of other net-assets of the NMFI
sector, reflecting that the revaluations of these assets are based primarily on the net financial
changes within the NMFI sector (Eq. (238) & (239)).

OTrpanmrrt = S1BANMFIIBANMFI—1 (233)
OTiprNmrr: = O1BINMFIIBLN M EFI—1 (234)
OTresnvFIt = ORESNMFIRESNMFI-1 (235)
OTeganmrr = OTggrnrct + OTgQLpst (236)
DIV P,
OTgQLNMFIE = N —EQLNMFI—1 (237)
TIBLGVTt + BEQLNMFI
OTpenst = (OTipanmrre + Breravrnvrr OTigravre + OTeQanmFre

PENS;_1
- 0T - 0T . 238
TBLNMFIt EQLNMFIt) PENS, .+ INS_ (238)

OTinst = (OTipanmvrr + Breravrnvmrr OTreravre + OTeQaNMFI:
INS,;_

— OTrgrnmrre — OTEQLNMFIE) - - (239)

PENS; 1 +INS;
The financial stocks of the NMFT sector develop according to their respective financial transfers
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and other transfers (Eqgs. (240) - (243)). Total financial assets and liabilities are defined in Egs.
(244) & (245). Financial assets minus liabilities give the NMFT sector model determined financial
net worth (FNWxarrrar) (Eq. (246)). The residual financial instrument develops similarly to
other financial assets (Eq. (247)) and is then added to the model determined financial net worth
to give the overall NMFT financial net-worth FNWyrr (Eq. (248)).

IBANyMFEre = IBANMEI—1 + IBATRyyvere + OTrpaN M FI: (240)
EQANmrFI: = EQANMEI—1 + EQATRNyMEr + OTEQANMFET (241)
IBLyyvrpre = IBLyyrri—1 + IBLTRyyvrre + OTiBLNMFIE (242)
EQLNyrr = EQAnn: + EQANFct + EQApst + EQNpgowt (243)
FAnyvrn = IBAvyvrn + IBLagvrnvrn + EQANMFET (244)
FLnyrr = IBLyyvrne + EQLNyp + PENS; + INS; (245)
(246)

(247)

(248)

FNWNxyvrive = FANvrn — FLNMFL
RESNyvFE = RESNvFri—1 + RESTRy e + OTRESNMEIE
FNWNmrere = FNWNyvreive + RESNvFr

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 contribution, and interest received less social benefits paid and interest payments (Eq.(249)).
The total indirect tax receipts (ITAX) 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 direct energy
consumption emissions (ITAXp) (Eq. (251)). Direct energy consumption taxes are equal to the
coverage of the carbon pricing scheme (COVgrsp))?C multiplied by the emission trading scheme
(ETS) carbon price (Pgrs) all multiplied by the total direct emissions in the economy?! multiplied
by the emission trading scheme (ETS) carbon price (Pgrg) all multiplied by total direct energy
consumption emissions (Eq. (252)). The indirect tax rate on production (ITAXRp) is assumed
to tend to a set long-run value based on the adjustment speed (74,:)%? (Eq. (253).

YDevre = (ITAX +INTAX,+ SOCCqyri+ INTRgyrt) — (SOCBgyri + INT Povre) (249)

30This is assumed to be constant in the baseline scenario

31Tt is assumed that the carbon tax for household direct energy use is attributed to the production sector and
then passed in through higher prices.

32This term is introduced due to the implied initial tax rates being far from historical norms due to the COVID-19
pandemic and other sources of volatility, using an adjustment speed allows these values to gradually return to more
normal levels rather than creating a sudden change at the initial condition.
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ITAX; = ITAXp, + ITAXpg, (250)

ITAXp; = ITAXRp,GOp; + ITAX (251)

ITAX py = COVirspPrrsi EMISp, (252)

ITAXRp; = ITAXRpy_1 — Tgu(ITAXRpy_1 — ITAXRprR) (253)

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. (254)). The indirect tax rate on the power sector (ITAX Rp) is assumed to tend to
a set long run value based on the adjustment speed (7g,) (Eq. (255)). The baseline carbon price
of the emission trading scheme (Pgrg) is set to follow a baseline path where it increases marginally
over the period (Eq. (256)). This carbon price can be set higher by the government in different
scenarios.?3

ITAXpsy = ITAXRpsiGOpst + COVerspsiPErsiEMISELECt (254)
ITAXRps;, = ITAX Rps—1 — 7yu(ITAX Rpsy—1 — ITAX Rpsrp) (255)
Prrst = PETsrBt (256)

Income tax receipts (INTAX) are defined as the sum of income tax from non-financial corpo-
rations (INTAXnrc) and households (INTAXrpr). Both income taxes are modelled as a fixed
proportion of the wage bill (Eq. (258) & (259)). With the respective income tax rates assumed to
tend to set long-run values based on the adjustment speed (74,¢) (Egs. (260) & (261)).

INTAX; = INTAXypcr + INTAX g (257)

INTAXNpct = INTAX RypodWe (258)

INTAX iy = INTAX Ry Wy (259)

INTAX Rypci = INTAXRypor1 — Tgu(INTAX Ryper—1 — INTAX Ryperr)  (260)
INTAX Rypyy = INTAX Rpgpo—1 — Toot(INTAX Rypry 1 — INTAX Rippir) (261)

The equations for government interest payments are based on respective rates of return on
interest-bearing assets (IBAgyr) and interest bearing liabilities (IBLgyr) (Egs.(262)&(263)).
Social contributions that households pay to the government (SOCCgyr) are treated as an addi-
tional income tax taken from overall wages (Eq. (264)). With the social contribution rate assumed
to tend to set long-run values based on the adjustment speed (74,¢) (Egs. (265)). 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. (266)).

INTRgvT: = riBacvTi! BAgyTi—1 (262)

33The UK has an emission trading scheme, rather than a direct carbon tax so arguably the government cannot
control the price so easily and rather controls the maximum emissions through a cap and trade system. To simplify
the modelling, it is assumed that the government effectively sets a cap to achieve an average carbon price over a
given period and adjusts the cap if that price is not met.
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INTPgyvr: = ripravril BLgyri—1 (263)

SOCCavrti = SOCCRayvTiWy (264)

SOCCRgvrt = SOCCRGyTi—1 — Tgut(SOCCRGvTi-1 — SOCCRGVTLR) (265)
SOCBgvre SOCBgvTi—1

—GDp, | (0socB +awsocs— 4 P + aosocBrUt (266)

Consumption of the government sector (CONSgyr) is the sum of public wages (Wpyp)3*

and other government consumption (OCONSgyr) (Eq. (267)). Other government consumption
(OCON Sgyr) is assumed to follow an exogenous path based on nominal GDP (Eq. (268)). Gov-
ernment gross capital formation (GCFgyr) is discretionary government spending and is assumed
to follow a baseline path based on OBR estimates (Eq. (269)). As with the NFC sector, government
gross capital formation is divided between green and conventional capital, with B4,; representing
the portion of the gross capital formation allocated to green capital. It is assumed in the baseline
that the behavioural effect of energy costs and prices is the same for the government as it is the
non-financial corporations, so B4 is set as equal to B,f. (Eq. (270)). This ratio then defines the
level of green and conventional capital investment (Egs. (275) & (276).

CONSgyr: = Wpypt + OCON Sgyry (267)
OCON Syt = aoconsgvrGD Py (268)
GCFgyri = GCFGyTBASE (269)
Bgott = Bnfet (270)

GCFgvra: = BeuitGCFayT: (271)
GCFgyvrer = GCFgyre — GOFgvrat (272)

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. (273) - (276)).

N
CONScvrR: = CONSgvre (273)
Ppy
GCFgyrr: = GCFgyrart + GCFavreore (274)
GCF,
GCFgvrar: = # (275)
Pt
GCF,
GCFovrom = ——5 (276)
Pt

The government model determined net lending (LEN Dgyryas) is defined as their disposable income
less consumption and gross capital formation spending (Eq. (277)). The lending discrepancy is
driven exogenously as a portion of GDP (Eq. (278)) with the actual NFC net lending position
defined as the model determined net lending plus the lending discrepancy (Eq. (279)).

LENDgyrm: =Y Davre — (CON Syt + GCFgyry) (277)

341n national accounting public wages are recorded as consumption of the government sector.
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DISCevri = nevrrGDP— (278)
LENDgyri = LENDgyrae + DISCavry (279)

Interest bearing asset transfers (IBAT Rgyr) are assumed to equal a fixed proportion of the
gross output (GO) (Eq. (280)). Interest bearing liability transfers (I BLT Rgyr) serve as the resid-
ual stock transfer and equal the net transfers of all other financial assets (Eq. (281)). Government
bonds, which make up a large portion of government interest-bearing liabilities are held by multiple
sectors in the model. The economic accounts data does not provide the whom-to-whom transac-
tions required to establish the transfers of each sector however their are experimental flow-of-funds
data for 2020 (ONS, 2020) which gives an estimate that can be used. This data suggests that gov-
ernment interest bearing liabilities are equally split between MFIs, NMFIs and RoW. Therefore,
the government interest liability transfers are defined to be equal for each of these sectors based on
the fixed proportion derived from the flow-of-funds data and assuming these proportions remain
constant (Eqs (282)-(284)). The residual financial instrument transaction of the government sector
(RESTRgyT) grows exogenously as a fixed proportion of GDP (Eq. (285)).

IBATRgvT: = arpacvrGO; (280)

IBLTRgyry = IBATRgyry + REST Ry — LEN Dy (281)
IBLTRgvrymrr = Bisravrmril BLT Rgyrt (282)
IBLTRgvrnmrr = Bierevrnmrerl BLT Rayry (283)
(284)

)

RESTRgvr: = navrsGDP (285

IBLTRgvTRowt = BrBravTrRow IBLT Ry Ty

Other transfers, which include price revaluations and other changes in asset value, are set as
exogenous rates for the government sector (Eqgs. (286) - (288)).

OTrpacvr: = drpacvr(IBAGgyTi—1) (286)
OTreravrt = dreravr(IBLavri—1) (287)
OTresavrt = dresavr(REScvTi—1) (288)

The financial stocks of the government sector develop according to their respective financial
transfers and other transfers (Eqs. (289) - (293)). Total financial assets and liabilities are defined in
Egs. (294) & (295). Financial assets minus liabilities give the government sector model determined
financial net worth (FNWgyra) (Eq. (296)). The residual financial instrument develops similarly
to other financial assets (Eq. (297)) and is then added to the model determined financial net worth
to give the overall government sector financial net-worth FNWgyr (Eq. (298)).

IBAgyr: = IBAgyri—1 + IBATRgyre + OTraGvT: (289)

IBLgyrt = IBLgvrmrn + IBLgyrNymrr: + IBLavrRowt (290)

IBLgvrmrne = IBLgyrymrer—1 + IBLT Rogyryvrrn + BisravrymriOTisravre (291)
IBLgvrNmrre = IBLagvrnmrn—1 + IBLT Reoyryvrr + BrsravrnmriOTrsravre  (292)
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IBLcvTRrRowt = IBLGvTRoWi—1 + IBLT RGyrrow: + BrBravTrRow OTIBLGVT!
FAqvr: = IBAgyT:

(293)
(294)
FLgyri = IBLgvTt (295)
FNWeavrme = FAcvre — FLgyrt (296)
RESgvri = RESgvTi—1 + RESTRGvrt + OTRrESGVTH (297)
FNWeayr: = FNWavrue + RESGyT (298)

The capital stock of the government sector is split into conventional and green capital stock.
The real value of conventional (Kgyrcor) and green (Kgyrgr) are increased through real gross
capital formation, while a portion of the previous periods real capital stock is lost to depreciation
(Egs. (299) & (300). These stocks are summed to give the overall real capital stock (Kgyrr) of
government sector (Eq. (301)). The nominal capital stock values are then calculated by multiplying
the real capital by the production price deflator (Egs. (302) - (304)). Government sector net worth
is defined as the sum of net financial and real assets (Eq. (305)).

Kavrort = (1 = dxpt) Kavreri—1 + GOFgyToRe (299)
Kaovreore = (1 = dxpt) Kavrari—1 + GCFavrary (300)
Kovrre = Kevrere + Kevrare (301)

Kevre = Kavret + Kavrat (302)

Kavror = Kavreri P (303)

Kovrar = KavrartPpe (304)

NWeavre = FNWavre + Kavrt (305)

3.4.5. Households

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

The primary income of the household sector (Y Pgp), is the sum of wage income (W), in-
terest payments received (INTRpyp), dividends (DIV Ryp) less interest payments (INT Prr)
(Eq. (306)). The equations for interest payments are based on respective rates of return on
interest-bearing assets (I BAg ) and interest-bearing liabilities (IBLpp) (Eqgs.(307)&(308)). 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. (309)).

Y Py = Wi + ([NTRHHt + DIVRHHt) — (INTPHHt) (306)
INTRym: = rianat] BAgHI—1 (307)
INT Pyt =riBruutI BLEH:—1 (308)
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FQA
DIV Rt = Bann—Z A1 Dy p o (309)
EQLNMFI

The disposable income of the household sector (Y Dy ) is taken as households primary income
including net social contributions/benefits and minus income tax payments (INTAXgpm) (Eq.
(310)). 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. (311) & (312)).

SOCC; = SOCCNyF + SOCCeavry (311)
SOCB; = SOCBNMFEI + SOCBayT: (312)

Household consumption (CON S ) is given as the sum of household consumption from pro-
duction (CONSggp) and from the power sector (CONSppps) (Eq. (313)). The nominal con-
sumption of production is based on post-Keynesian theory, where there is a positive relationship
between household disposable (Y Dyp) income and consumption and also between the financial
wealth of the household (F' A ) 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. (314)). Real household consumption from production
is then equal to the nominal consumption divided by the production price deflator (Pp). (Eq.
(315)). The nominal consumption of the power sector (CON Sgpps) is equal to the real consump-
tion (CON Spppsr) multiplied by the price of electricity (Prrec) (Eq. (316)). The level of real
household power sector consumption is equal to the electricity use of households, with electricity
assumed to make up the majority of household consumption related to this sector (Eq. (317)). The
total savings of households(SAVy ) for investment purposes is equal to their disposable income
less consumption spending (Eq. (318)).

CONSpay =CONSpgapt + CONSHppst (313)

AL(CONSyppt) = ecunp(aocaup + c1caapL(Y Dyi—1)

+ ascunpL(FAppi-1) — L(CONSyppi-1)) (314)
CONSpupp = SONSHHP (315)

Ppy
CONSyupst = CONSyupsrtPELEC! (316)
CONSyupsr: = EeLecHt (317)
SAVyat =Y Dyt — CONSup: (318)

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 (GCFpy) is given as the sum of gross capital formation of new build

35Tt is assumed that when a house is built and subsequently purchased by a household this is recorded as gross
fixed capital formation of the household sector, this is consistent with national accounting conventions.
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houses (GC Fypnp) and home improvements (GC Fr ). Household investment in housebuilding
(GCFypnp) is primarily driven by the total value of properties, where higher property values
make household investment more attractive, this is expressed in an econometrically estimated co-
integration equation (Eq. (321) and it should be noted that while there is a positive relationship
between prices and house building, this response is relatively weak.?® The gross capital formation
of households on home improvements (GCFrppr) follows the overall growth of GDP (Eq. (321)).

GCFyut = GOFgunpt + GCFuunist (319)

AL(GCFyungt) = ecornB( — aocornB + a1gornL(HV ALy 1)
— L(GCFuunBi-1)) — 016crNBA(L(GCFruNB-1)) (320)

GCFupurn =oanguaiGDP_q (321)

The real levels of gross capital formation are then defined by dividing the nominal levels by the
production price deflator (Pp) (Egs. (322) - (324)).

GCFrmt

GCFunp = (322)
Pt
GCF
GCFyuNBRt = # (323)
Pt
GCF
GCFuuHIRt = # (324)
Pt

The real investment in home improvements is then divided between regular home improvements
(GCFuruinr) and energy-based home improvements ((GCFyppreng) in Egs.(325 & 326). The
division between regular and energy-based home improvements is given by Eq. (327) where there
is an exogenous trend towards increasing energy-based home improvements over time and this is
further increased based on the difference between direct energy (Pp) and electricity (Pgrrc) prices.
Energy-based home improvements are then divided further between efficiency improvements and
electrification. Efficiency improvements are investments used to turn an energy inefficient house
into an efficient one by measures such as wall insulation and window glazing, whereas electrification
energy improvements turn efficient houses fully electric by installing electrical heating devices such
as heat-pumps. The split between these two types of energy efficiency home improvements is given
by Egs. (328) & (329) with the difference being partly driven by 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.

GCFrraIERt = BacraatGCFuuaIR: (325)
GCFuuuinrt = GCFraairt — GCFauHIER (326)
Bacraat = QobetaiiH + TREN Dyetorrmt + Qipetari i (Pp7t—1 — PELECH-1) (327)

36This is in line with UK data where there has been a large increase in house prices over the last two decades
but a relatively moderate increase in house building, the model cannot assess the impact of other policies that could
impact house building, such as planning permission and regulation.
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GCF, = GCF 528
HHHIENRt HHHIERt EhieHri—1 + HEni—1 ( )

GCFuunreert = GCFuunrert — GCFHHHIEN Rt (329)

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. (330)). The lend-
ing discrepancy is driven exogenously as a portion of GDP (Eq. (331)) with the actual household
net lending position defined as the model determined net lending plus the lending discrepancy (Eq.
(332)).

LENDggye = SAVyg: — GCFyge + INSR; + PENSR; + PENSAD gt (330)
DISCHHt = UHHTGDPt—l (331)
LENDgyy; = LENDygy: + DISChyye (332)

For household financial stock transfers, it is assumed that interest bearing asset transfers of
households (IBAT' Ry ) are derived residually (Eq. (333)). Equity asset transfers (EQAT Ry m)
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. (334)).
Pension transfers are (PENSTR) are equal to the derived pension adjustment consistent with
ONS data (Eq. (335)). Insurance transfers (INST Ry ) are equal to the return on insurance funds
less net payouts on insurance schemes (Eq. (336)). Interest bearing liability transfers (IBLT Ry )
which for households are mainly related to mortgage borrowing are set as a fixed proportion of
the total value of housing stock (Eq. (337)). The residual financial instrument transaction of the
household sector (REST Rppr) grows exogenously as a fixed proportion of GDP (Eq. (338)).

IBATRypt = LENDppi+IBLT Ry — (EQATRym: + REST Ryt + PENSTR: +INSTR,

(333;

EQATRynt = —apgann EQApHi—1 (334)
PENSTR; = PENSapi (335)
INSTR; =INSR; — arnstrIN S (336)
IBLTRypt = arprrrRHV ALy (337)
RESTRyu: = niapGDPiy (338)

Other transfers, which include price revaluations and other changes in asset value, are set as
exogenous rates for the household sector (Egs. (339) - (342)).

OTipannt = 61ana(IBARH 1) (339)
OTgganmt = 0pQAnH(EQAHH—1) (340)
OTiprunt = drprun(IBLywi—1) (341)
OTgresaut = SrpsuH(RESHHt-1) (342)

37TRecall these flows are an accounting convention and are not accessible income for households.
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The financial stocks of the household sector develop according to their respective financial
transfers and other transfers (Eqs. (343) - (347)). Total financial assets and liabilities are defined
in Egs. (348) & (349). Financial assets minus liabilities give the household sector model determined
financial net worth (FNWggar) (Eq. (350)). The residual financial instrument develops similarly
to other financial assets (Eq. (351)) and is then added to the model determined financial net worth
to give the overall household sector financial net-worth FNWg gy (Eq. (352)).

IBAgpt = IBAgpgi—1 + IBAT Ryt + OTipanmt (343)
EQAgm: = EQApgp 1+ EQATRyg + OTpganHt (344)
PENS; = PENS;_1 + PENSTR; + OTpgnst (345)
INS, = INS,_, + INSTR; + OTrns: (346)
IBLgg: =IBLygi 1+ IBLTRyg: + OTrram: (347)
FAput = IBAppt + EQAgnt + PENS; + INS; (348)
FLypt =IBLyut (349)

FNWyumt = FAgnt — FLym (350)

RESypt = RESpyut—1 + RESTRupt + OTrEsHnt (351)
FNWyge = FNWggyve + RESH (352)

The total number of houses (H) is given by the sum of the three types of housing: inefficient
houses (H) taken as houses with EPC ratings D and below, efficient non-electric houses (Hgn)
taken as houses with EPC ratings C and above where the primary energy source is non-electric
and efficient electric houses (Hgg)?® taken as houses with EPC ratings C and above where the
primary energy source is electricity based (Eq.(353)).3° These three housing stocks develop based
on house building and efficiency and electrification based home improvements. The number of
houses built (HB) is directly proportional to the real household investment in new houses (Eq.
(354)). It is assumed that all new build houses are efficient and a portion (Bgpg) of them are fully
electric.?0 Inefficient houses are transformed into efficient non-electric houses through real energy
home improvements (GCFyrpyg) which can then be transformed into efficient electric houses
through real electrification home improvement (GC Fyrppr) with both these transformation rates
being determined by the cost of energy and electrification home upgrades (Egs. (355) - (357)).
COSTyrenr 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 (358)

& (359)).

38Note there is no inefficient electric house category, where properties primary energy source is electricity based
while the properties EPC rating is D and below, houses do exist in this category however there are very few in the
UK as fully electric houses tend to be efficient, not least because energy efficiency is generally a pre-requisite to using
electric heating technologies such as heat-pumps.

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

49This is consistent with what is observed in the UK where the overwhelming majority of new build properties
will have at least and EPC rating of C.
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Hy=Hp + Hgnt + Hipe (353)

HB; = agpGCFraNBR: (354)
GCF
Hy = Hypy - CHHHIENRt (355)
HIENRt
GCF, GCF
Hpne = Hgni—1 + (1 — Bupe)HDB; + cﬁijf?m - Cgi;[]fERt (356)
¢ ¢
GCF
Hgpt = Higpi—1 + BueH B + C;ZZ?EM (357)
t
Curenrt = CHIENRB (358)
Cuigert = CHIEERB (359)

The total value of housing stock (HV AL) is equal to the average house price (Pg) multiplied by
the number of houses (H) (Eq. (360)). House prices (Pg) per worker have a long run co-integrating
relationship with disposable income per worker and interest bearing liabilities per worker showing
that housing demand can be based both on income but can also be financed through increased
indebtedness (Eq. (361)). Household sector net worth is defined as the sum of net financial and
real assets (Eq. (362)).

HV AL, = H,Pu, (360)

Py Hy YDpri—1 IBLpgi—1 Py 1H
AL = L(————— L —L 361
IF, epr(aopr + a1ppL( IF, ) + aoprL( IF TF ) (361)
NWygr = FNWyg + HVAL, (362)

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.
(363)). We define domestic output (DY) as the sum of consumption, gross capital formation and
export flows, in effect GDP less imports (Eq. (364)). Nominal demand in the RoW (RoWp)is
calculated based on real demand in the RoW (RoWpgr) multiplied by foreign prices (Pr) (Eq.
(365). The total nominal imports (I M P) are mainly driven by domestic output, reflecting the role
of imports as an intermediate input to production (Eq. (366)). 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 ay I M P parameter is positive, which is due to the fact that this is a nominal export equation,
so a positive value reflects that rising import prices increase nominal imports. However, the value
of a4 IMP 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
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(REFER) (Eq. (366)). Again, the parameter as EX P is slightly positive, implying that a reduction
is 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 RE E R increases.

Y Prowt = IMP, — EXP, (363)
DY; = CONS, + GCF, + EXP, (364)
ROWDt = ROWDRt . PFt (365)

LIMP; = aormp + a1rppLIM Py + aorypLDY; 1 + azrvp

L BrimpGCFy 4 BarvpGC Fpgy
DY,

P
) + a4]MpLP7H + 61[MPALDE (366)
Pt

LEXP; = appxp+aipxpLEX P, 1 +aspx pPLRoWp 1 +a3pxpPLREER; 1+ 61px pALRoW py

(367)

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. (368)). Real imports (/M Pg) and real exports

(EX Pgr) are calculated by dividing by their respective price deflators P; and Pg (Egs. (369) &
(370)).

ROWDRt = ROWDgROWDRt,1 (368)
IMP,
IMPg, = ! (369)
It
EXP,
EXPgy = ! (370)
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. (371). The foreign price
level (Pr) is driven by an exogenous growth rate (RoWp,) based on global forecasts (Eq. (372)).
Export prices (Pg) are assumed to follow domestic price trends (Eq. (373)). Import prices (Pr) are
defined based on foreign prices, the nominal exchange rate and an adjustment term (I4ps) which
is used to account for the basket of import goods not corresponding to the general basket of goods
in the rest of the world which is used to calculate Pr (Eq. (374)). The import adjustment term
(Iapyg) is assumed to remain constant over the model projections (Eq. (375)). Finally, the real
effective exchange rate (REER) is defined as the ratio between export prices (Pg) and exchange
rate (E'R) adjusted foreign prices (Pr) (Eq. (376)).

ER, = ERy_, (371)
Pri = RoWp, Py (372)
Py = Ppy (373)

Prp = PpeER I AD 1 (374)
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Iapgt = Iapgi—1 (375)
Pry
ER;Pr;

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 Ngow ) is the sum of interest received on the
RoWs share of government liabilities (I BLgyTrow ) and their net holding of other interest-bearing
assets (IBNrow) (Eq. (377)). Net RoW dividends received (DIV Ngow ) is the sum of given as a
fixed proportion of RoW net equity holding (FQNgw) (Eq. (378)). RoW model determined net
lending (LEN Dgrow ) is defined as their income from production plus their net interest income
received (Eq. (379)). The lending discrepancy is driven exogenously as a portion of GDP (Eq.
(380)) with the actual RoW net lending position defined as the model determined net lending plus
the lending discrepancy (Eq. (381)).

REER, = (376)

INTNgowt = riravril BLGvTrRowt—1 + T1BNRowtI BNRow -1 (377)
DIV Ngowt = aprvNrow EQNrowt—1 (378)
LENDpgowmt = Y Prowt + INT Nrowt + DIV Nrowt (379)
DISCRrowt = nrowrGDPy—1 (380)

LENDRgowt = LENDRrow mt + DISCrowt (381)

Net RoW interest-bearing asset transfers (IBNT Rpgow) are set as the residual of all other
financial transactions (Eq. (382). Net-equity asset transfers (EQNT Rrow ) are set as proportional
to RoW income from production (Eq. (389)). The residual financial instrument transaction of the
RoW sector (REST Rrow ) grows exogenously as a fixed proportion of GDP (Eq. (384)).

IBNTRrowit = LENDpgow: — (IBLTRGVTRth + EQNTRROWt + RESTRROWt) (382)

EQNTRRgowt = apoNTRRoW Y PRrowt (383)
RESTRpowt = nrow BGD P4 (384)
OTrBArRowt = 61BARoW (IBNRowt—1) (385)
OTeoNrRowt = 0EQNRow (EQNRowt—1) (386)
OTrESRowt = ORESRoW (RESRoWt—1) (387)

The net-financial stocks of the NFC sector develop according to their respective financial trans-
fers and other transfers (Eqs. (388) & (389)). The sum of net-Financial assets give the RoW sector
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model determined financial net worth (FNWgowar) (Eq. (390)). The residual financial instrument
develops similarly to other financial assets (Eq. (391)) and is then added to the model determined
financial net worth to give the overall RoW sector financial net-worth FNWgw (Eq. (392)).

IBNRrowt = IBNRowt—1 + IBNT Rpowt + OT1ARW (388)
EQNrowt = EQNrowi—1 + EQNT Rpow: + OTEQNRowt (389)
FNWgowmt = IBNgowt + EQNgowt + IBLGvTRoWt (390)
RESgowt = RESgrowi—1 + RESTRrowt + OTRESRoW (391)
FNWgowt = FNWgow mt + RESRowt (392)

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. (393)). This equation uses logged values
which ensures the base rate cannot fall below the zero lower bound.

ALTBOE‘t = 6rboe(Oérboe]:‘I]\[F‘tf1 - LTBOEtfl) (393)

Interest rates on interest-bearing assets for model sector j (rrp Ajt) tends towards a long run
interest rate with adjustment speed (7,.45) (Eq. (394)). With the long run asset interest rates being
set as the maximum of a mark down on the base rate and a minimum value (minr;) which is used
to respect the zero lower bound for interest rates in the model (Eq. (395).

TIBAjt = T1BAji—1 + Traj(TIBAjLRt — TTBAjt—1) (394)
TIBAjLRt = Max(Minrj, TBOEQt — SPTja) (395)

Interest rates on interest-bearing liabilities for model sector j (r7pr;¢) tends 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 phenomena of interest bearing liability
rates reacting more quickly to changes in the base rate (Eq. (396)). With the long run liability
interest rates being set as a mark up over the interest bearing asset interest rate for the sector
and an additional risk premia, which is calculated based on the depreciation rate of the sectors
liabilities (0;) and the financial health of the MFI sector, proxied as the ratio between its financial
liabilities and assets (Eq. (397)).

TIBLjt = TTIBLjt—1 + Trij(TIBLjLRt — TIBLji—1) + 0ri; ATBOEQ! (396)

) FLyrr—1

397
FAnrri—1 (397)

TIBLjLRt = T1BAjLRt + (8PTj1 + 05t) (1 + 05T BOEQ!
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4. Baseline Scenario & model calibration

4.1. Baseline scenario

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

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

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

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

“IThe OBR forecasts mostly converge to a steady growth rate by the end of the forecast period so for the baseline
it is assumed that this steady rate can be extrapolated.
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Several key baseline variables are shown in Table 4. Most variables are relatively steady.
Unemployment, starts low with lower labour force participation following the COVID pandemic
but then trends upwards. The population and labour force increase steadily, in line with UK
projections. The proportion of non-fossil fuel electricity production increases, but falls far short of
the goal of fully non-fossil fuel production by 2030. Total emissions do fall, due to higher electricity
use and green investment and efficiency improvements, but again this falls short of UK emission
reduction targets. The emission price is set to increase modestly during the baseline period. Green
investment, as a percentage of GDP, also increases modestly over the period. NFC and power
sector credit rationing rates decrease slightly over the baseline period; this is mainly due to the
fact that the start of the baseline scenario is still being affected by the high inflation, low growth,
and high interest rates of the early 2020s. Imports and exports maintain a stable relationship with
headline GDP, both increasing marginally over the model period, consistent with higher RoW
growth than domestic growth in the UK. The real effective exchange rate index is near constant
over the baseline projection period.

Table 4: Key characteristics of the baseline scenario

Variable 2025 2030 2040 Mean St. deviation
Real GDP growth (%) 4.96 2.35 2.01 2.35 0.71
Unemployment (%) 4.31 4.73 4.72 4.71 0.14
Population (millions) 55.66  57.74  61.61  58.68 1.87
Labour Force (millions) 3597 37.12 39.13 37.62 1.00
Proportion of non-fossil electricity generation (%) 57.93  61.77  77.14  65.92 6.35
Total emissions (MTCOq./year) 407.32 381.76 324.37 367.10 25.46
Emission price (£/TCOxq.) 8.01 10.58  15.71  11.86 2.44
Green investment (% of GDP) 1.00 1.07 1.30 1.13 0.10
NFC default rate (%) 0.28 0.33 0.45 0.36 0.05
NFC credit rationing (%) 3.81 2.56 4.79 3.49 0.74
Power Sector default rate (%) 0.16 0.11 0.13 0.12 0.01
Power Sector credit rationing (%) 4722 3544 21.09 30.64 9.04
Imports (% of GDP) 39.99 3997 41.18 40.31 0.51
Exports (% of GDP) 38.58 40.19 44.15 41.21 1.80
Real effective exchange rate (index, 2022 = 1) 1.00 1.00 0.98 0.99 0.01

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

4.2. Econometric approach

When carrying out econometric estimation we follow the approach of Philips (2018) who present
a multistep procedure, including the necessary stationarity and autocorrelation tests, as well as
using the well established bound testing procedure to assess cointegration (Pesaran et al., 2001).
This systematic approach is shown in Figure 2.
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Figure 2: The ARDL-Bounds Procedure’s Comprehensive Approach to Time-Series Analysis. Source: Philips
(2018).
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This approach is used to estimate several key behavioural equations within the model. The
behavioural equations estimated in this are household consumption, firm investment, household
new-build housing investment, the wage share, the default rate of firm loans, the credit rationing
rate on firm loans, the governments social benefit payments and house prices. Therefore, econo-
metric estimates cover the majority of final demand equations, in addition to key financial and
fiscal relationships.

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

This approach was applied to more equations than the ones presented here. However, in
some cases, it proved difficult to find statistically significant results. In other cases, the results
were significant but not meaningful from an economic standpoint.*? Following the pragmatic
approach already outlined, when the estimation results were deemed too poor to form the basis of
the behavioural equations, other approaches were used to derive technical relationships between
variables. In many cases these derivation still used past data. For example, interest rate equations,
for which econometric results were likely negatively skewed by the long zero lower bound interest
rate period, still used estimated interest rate spreads from past UK data to parameterise the
interest rate equations. A complete list of parameter estimates and their sources is included in
Section 5 Table ?7.

428ych as having the incorrect sign, for example when calibrating the firm investment equation, disposable income
of firms consistently had a negative impact on investment. Given that this is hard to justify on a theoretical basis,
these variables were removed from that equation.
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5. Model parameters and initial values for endogenous variables

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

Symbol Description Parameter Value Source/remarks
category

CFrp Capacity factor of fossil Free 1.132 Calculated based on past

fuel energy generation values and assumed to be
constant over time

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

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

CONFF Crowding out coefficient Free 0.5 Set as a reasonable esti-
for government green GCF mate pending empirical ev-

idence

defonrFc Parameter of the default Model- 12580 Calculated from Eq. (200)
rate function for NFCs constrained

defops Parameter of the default Model- 24820 Calculated from Eq. (200)
rate function for NFCs constrained

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

de fo Parameter of the default Free 11.05 Taken from DEFINE-
rate function GLOBAL

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

eTPKPSFF Exponent governing the Free 3 Calibrated to generate a
curvature of the FF cap- realistic pace of FF capital
ital decommissioning tra- retirement
jectory

JETSB Growth rate of ET'S carbon  Model- 0.0001283 Set based on reasonable
price in the baseline constrained projections

JPETSCP Quarterly growth rate Model- 0.0306 Based on policy scenario
of KETS prices wunder constrained design
CARBONpRricr beyond
the initial jump

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

INTAX Ryrdegeng run income tax rate Free 0.04927 Based on past data and

on the NFC sector set by
the government

OBR fiscal forecasts

93



Symbol Description Parameter Value Source/remarks
category
ITAXRprr Long run indirect tax rate Free 0.05961 Based on past data and
on production set by the OBR fiscal forecasts
government
ITAXRpsrr Long run indirect tax rate Free 0.01341 Based on past data and
on the power sector set by OBR fiscal forecasts
the government
MINTpoe Minimum inflation rate Free 0.01 Prevents log of zero in the
floor in the BoE Taylor Taylor rule
rule (1%)
MANT got Minimum lower bound Free 0.006119 Calculated based on the
GVT deposit interest rate 2010s zero lower bound in-
terest rate period
MINTh Minimum lower bound Free 0.002509 Calculated based on the
household deposit interest 2010s zero lower bound in-
rate terest rate period
MINTp fe Minimum lower bound Free 0.003204 Calculated based on the
NFC deposit interest rate 2010s zero lower bound in-
terest rate period
TANT p fi Minimum lower bound Free 0.004289 Calculated based on the
NMFTI deposit interest rate 2010s zero lower bound in-
terest rate period
MANT 1o Minimum lower bound Free -0.01033 Calculated based on the
RoW deposit interest rate 2010s zero lower bound in-
terest rate period
PTgrs Pass through of carbon Free 1 Reasonable estimate based
pricing to electricity prices on research of carbon
prices
RoWp, Exogenous  Growth  of Free 1.007 Taken as a reasonable esti-
RoW Demand mate
RoWpy Initial annual growth rate Free 1.03 Taken as a reasonable esti-
of rest of world prices mate
RoWpgrLr Long-run annual growth Free 1.025 Taken as a reasonable esti-
rate of rest of world prices mate
shintpavrmighare of GVT bond in- Free 0.6667 Based on ON experimen-
terest income in the MFI tal flow of funds data 2020
long-run interest calcula- assuming MFI and NMFI
tion together hold 2/3 of GVT
bonds
SOCCRgyrrpkong run social contribu- Free 0.1393 Based on past data and

tion rate on the HH sector
set by the government

OBR fiscal forecasts
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Symbol Description Parameter Value Source/remarks
category
SPTguta Mark down on government Free -0.002054 Based on average of the pre
deposit interest rates 2010s zero lower bound pe-
riod
SPT gutl Interest rate spread on Free 0.001794 Based on recent values
GVT liabilities interest
rates
SPThha Mark down on household Free 0.003593 Based on average of the pre
deposit interest rates 2010s zero lower bound pe-
riod
SPrhhl Interest rate spread on HH Free 0.00577 Based on recent values
liabilities interest rates
SPTnfea Mark down on NFC de- Free 0.005769 Based on average of the pre
posit interest rates 2010s zero lower bound pe-
riod
SPTyfel Interest rate spread on Free -0.0008321 Based on recent values
NFC liabilities interest
rates
SPTnm fia Mark down on NMFI de- Free 0.002524 Based on average of the pre
posit interest rates 2010s zero lower bound pe-
riod
SPTnm il Interest rate spread on Free 0.001641 Based on recent values
NMFI liabilities interest
rates
SPT st Interest rate spread on PS  Free -0.0008321  Based on recent values
liabilities interest rates
SPTrrowa Mark down on RoW de- Free -0.008781 Based on average of the pre
posit interest rates 2010s zero lower bound pe-
riod
SU BSpgpaspQuarterly government  Free 0.415 Calibrated to generate the
renewable power subsidy baseline scenario
per activated unit under
GVTENERGY (£ billion at
2022 prices)
SUBSpspor, Quarterly government Free 3.33 Based on policy scenario
renewable power subsidy design
per activated unit under
POWERSUB (Green
Power Subsidy) (£ billion
at 2022 prices)
tpLECswiteh ~ Time index (quarter) for Free 153 Set as the first period be-

the switch in the electric-
ity price long-run forma-
tion rule

yond the initial OBR pro-
jection horizon
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Symbol Description Parameter Value Source/remarks
category

TrpSFFoffset Time  offset  (quarters) Free 10 Calibrated to generate a
added to the simulation realistic pace of FF capital
horizon in the FF capital retirement
decommissioning  trajec-
tory

tLFswitch Time index (quarter) for Free 152 Based on initial OBR pro-
the switch from annualised jection period length
to quarterly labour force
growth scaling

TpETSdelay ~ Quarters  from  simula- Model- 9 Based on policy scenario
tion start before the constrained design
CARBONpPRicE ETS
price growth formula be-
comes active

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

utilisation values

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

QBN FC Parameter in the equation Free -0.03826 Calibrated to generate the
governing the proportion baseline scenario
of gross green NFC gross
capital formation

QOCHHP Constant parameter in the Free -0.006027 Calculated from Eq. (346)
household consumption
equation

QOCRNFC Parameter in the NFC Model- 4.351 Calculated from Eq. (221)
credit rationing equation constrained

QOCRPS Parameter in the power Model- 2.736 Calculated from Eq. (151)
sector credit rationing constrained
equation

QOEXP Parameter in the nominal Model- 0.6516 Calculated from Eq. (400)
export equation constrained to match initial condition

QOGCFFF Parameter in the power Model- 0.01465 Calculated from Eq. (101)
sector fossil fuel investment constrained
equation

QOGCFNB Parameter in the HH gross Free 7.679 Econometrically estimated
capital formation for new
builds equation

apacrNFe  Parameter in the NFC  Free 0.02012 Calibrated to match initial
gross capital formation condition
equation
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Symbol Description Parameter Value Source/remarks
category

aogecrNFr  Parameter in the power Model- 0.02144 Calculated from Eq. (105)
sector non-fossil fuel in- constrained
vestment equation

QOIMP Parameter in the nominal Model- -0.3641 Calculated from Eq. (399)
import equation constrained

QOPH Parameter in the house Free 1 Econometrically estimated
price equation

QOSOCB Parameter in the GVT so- Model- 0.05561 Calculated from Eq. (292)
cial benefit equation constrained

QoW S Constant parameter in the Model- 0.4697 Calibrated so 58 equation
wage share equation constrained equals observed 58[L] at

t=L

C1BHH Parameter in the equation Free 0.3038 Estimate based on green
for green home improve- housing investment data
ments

Q1BNFC Parameter in the equation Free 0.1 Calibrated to generate the
governing the proportion baseline scenario
of gross green NFC gross
capital formation

Q1CHHP Autoregressive parameter  Free 0.8136 Econometrically estimated

M1CRNFC Parameter in the credit ra- Free 0 Econometrically estimated
tioning equation for the
NFC sector

Q1EXP Parameter in the nominal Free 0.7221 Econometrically estimated
export equation

1GCFNB Parameter in the HH gross Free 1.224 Econometrically estimated
capital formation for new
builds equation

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

Q1IMP Lagged dependent variable Free 0.474 Econometrically estimated
parameter in the nominal
import equation

O1lambda Parameter in the pro- Free 0.725 Reasonable estimate based
ductivity equation relating on past values, UK studies
real GDP growth to pro- and calibrated to generate
ductivity growth the baseline projections

a1 MU Linear relationship be- Model- 0.1943 Calibrated so LR markup
tween production price constrained at initial utilisation equals

mark-up and unit costs

mean of 45:88 and 109:132
(excl. COVID and GFC)
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Symbol Description Parameter Value Source/remarks
category

Qa1pPH Parameter in the house Free 1.04 Econometrically estimated
price equation

a1SOCB Parameter in the GVT so- Free 0.5263 Econometrically estimated
cial benefit equation

a1ws Unemployment rate pa- Free 1.759 Econometrically estimated
rameter in the wage share
equation

Q2BNFC Parameter in the equation Free 0.4 Calibrated to generate the
governing the proportion baseline scenario
of gross green NFC gross
capital formation

Q2CHHP Long run propensity to Free 0.1092 Econometrically estimated
consume out of disposable
income

QOCRNFEFC Parameter in the credit ra- Free 0.1258 Econometrically estimated
tioning equation for the
NFC sector

Q9EX P Parameter in the nominal Free 0.2779 Econometrically estimated
export equation and rescaled so LR elastic-

ity to world demand = 1

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

QoI M P Lagged domestic demand Free 0.526 Econometrically estimated
parameter in the nominal and rescaled so LR elastic-
import equation ity to 398 =1

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

QopH Parameter in the house Free 0.539 Econometrically estimated
price equation

A250CB Parameter in the GVT so- Free 0.151 Econometrically estimated
cial benefit equation

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

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

QO3EXP Parameter in the nominal Free 0.08626 Econometrically estimated

export equation
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Symbol Description Parameter Value Source/remarks
category

Q31 MP Investment share of domes- Free 0.1646 Econometrically estimated
tic demand parameter in
the nominal import equa-
tion

Q4TMP Relative import price pa- Free 0.5522 Econometrically estimated
rameter in the nominal im-
port equation

ap Pass through from gas and Free 2.557 Calculated using the mean
oil prices to overall direct over past data
fossil energy costs

aprvpNre  Rate of NFC sector divi- Free 0.4129 Set as the mean of past im-
dend payments relative to plied values
disposable income

aprvpnymrer Proportion  of  primary Free 0.7965 Set as the mean over past
NMFI net income dis- values
tributed as dividends

QADIVPPS Rate of power sector divi- Free 0.05453 Set as the mean of past im-
dend payments relative to plied values
output

QEQAHH Relationship between HH Model- 0.005407 Calculated from Eq. (368)
EQA transfers and house- constrained
hold equity stock

QEQANFC Relationship between NFC  Model- 0.01117 Calculated from Eq. (192)
EQA transfers and total constrained
output from production

QEQAPS Relationship between PS Model- 0.01298 Calculated from Eq. (116)
EQA transfers and total constrained
output from production

QEQN RoW Relationship between Model- 0.0159 Calculated from Eq. (417)
RoW EQA transfers and constrained
total output

apQNTRRow Relationship between net Model- 1.363 Calculated from Eq. (417)
RoW equity transfers and constrained
RoW income

arpypLpspr Long run technical coeffi- Free 0.3233 Assumes fossil fuel electric-

cient of fuel input to the
power sector

ity is output is propor-
tional to fuel input and
that at the initial condition
fuel price is normalised to
equal 1
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Symbol Description Parameter Value Source/remarks
category

OB Conversion between real Model- 0.00239 Calculated from Eq. (388)
investment in new houses constrained
and the building of new
houses

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

QIBAGVT Relationship between Model- 0.004549 Calculated from Eq. (309)
GVT IBA transfers and constrained
total output from produc-
tion

QAIBANFC Relationship between NFC Model- 0.0109 Calculated from Eq. (191)
IBA transfers and total constrained
output from production

arpanmrr  Relationship between Model- 0.02613 Calculated from Eq. (250)
NMFI IBA transfers and constrained
total output from produc-
tion

OIBAPS Relationship between PS Model- 0.0121 Calculated from Eq. (115)
IBA transfers and total constrained
output from power sector

QIBLHH Relationship between HH Model- 0.01583 Calculated from Eq. (371)
IBL transfers and total constrained
output from production

QIBLTR Parameter relating total Free 0.00175 Calculated based on ONS
housing value to house- stock data
hold interest bearing liabil-
ity transfers

QINS Relationship between HH Model- 0.0008336 Calculated from Eq. (380)
insurance transfers and to- constrained
tal output

QINSR Parameter relating NMFI Free 1.372 Calculated based on past
disposable income to in- implied values
vestment income on insur-
ance schemes

QINSTR Insurance transfer payout Free 0.003204 Calculated from past data
rate

aoconsavT Parameter relating GDP  Free 0.1011 Set based on OBR projec-

output to total government
other consumption

tions of government spend-
ing and past
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Symbol Description Parameter Value Source/remarks
category

QOPPSLR Long run technical coeffi- Free 0.0503 Taken as the average im-
cient of other inputs to the plied technical coefficient
power sector over past data

QAPENS Relationship between HH Model- 0.06668 Calculated from Eq. (380)
insurance transfers and to- constrained
tal output

OPENSR Parameter relating NMFI  Free 1.213 Calculated based on past
disposable income to in- implied values
vestment income on pen-
sion schemes

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

QPPLR Long run technical coef- Free 0.2762 Taken as the average im-
ficients of internal pro- plied technical coefficient
duction intermediate con- over past data
sumption

OPSPSLR Long run technical coeffi- Free 0.3836 Taken as the average im-
cient of internal power sec- plied technical coefficient
tor intermediate consump- over past data
tion

Qrboe Parameter relating to infla-  Free 0.9092 Set to generate observed
tion in the BoE Taylor rule early period baseline be-

havior

asocpENSs Rate of social benefit pay- Model- 0.008159 Calculated from Eq. (245)
ments relative to total constrained
value of pension schemes

ASOCCW Rate of wage contribution Model- 0.05693 Calculated from Eq. (244)
to household social contri- constrained
bution for pension schemes
(Defined contribution)

Birmp Proportion of overall GCF  Free 0.965 Estimated from IO data
contribution to imports

Bornvip Proportion of power sector Free 1.884 Estimated from IO data
GCF contribution to im-
ports

Bpaas Proportion of direct fossil Free 0.55 Taken from 2023 data and
energy consumption pro- assumed constant
vided by gas

Bann Relationship between Model- 1.333 Calculated from Eq. (341)
household equity holding constrained

and dividend distribution
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Symbol Description Parameter Value Source/remarks
category
BprvNrow  Net dividend payment rate Free 0.00349 Taken as a reasonable esti-
to the RoW sector mate based on past values
BporrL Proportion of direct fossil Free 0.45 Taken from 2023 data and
energy consumption pro- assumed constant
vided by oil
Baps Relationship between Model- 0.773 Calculated from Eq. (98)
power sector holding and constrained
dividend distribution
BELECH Proportion of electricity Free 0.205 Calculated from UK EPC
energy use in total energy data
use for non-electric houses
BEQLNFC Parameter determining Model- 0.001676 Calculated from Eq. (198)
NFC equity liability price constrained
revaluation rate
Beornmrr  Parameter determining Model- 0.008593 Calculated from Eq. (258)
NMFT equity liability price constrained
revaluation rate
BEQLPS Parameter determining Model- 0.001676 Calculated from Eq. (122)
power sector equity liabil- constrained
ity price revaluation rate
BuBE Proportion of new build Free 0.08422 Based on implied UK data
properties which are fully and assumed constant
electric
Breravrmrr Proportion of government Free 0.3333 Based on ON experimental
borrowing held by the MFI flow of funds data 2020 and
sector assumed constant in simu-
lations
BreravrnymrProportion of government Free 0.3333 Based on ON experimental
borrowing held by the flow of funds data 2020 and
NMFT sector assumed constant in simu-
lations
BreravTrow Proportion of government Free 0.3333 Based on ON experimental
borrowing held by the flow of funds data 2020 and
RoW sector assumed constant in simu-
lations
Bw RPRI Parameter linking private Model- 1.01 Calculated from Eq. (60)
sector wage rate to overall constrained
econonmy wage rate
Bw RPUB Parameter linking public Model- 0.973 Calculated from Eq. (61)
sector wage rate to overall constrained
economy wage rate
NMEXP Parameter in the nominal Free 2.044 Econometrically estimated

export equation
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Symbol Description Parameter Value Source/remarks
category

01GCFNB Parameter in the HH gross Free 0.1647 Econometrically estimated
capital formation for new
builds equation

O1IMP Short-run domestic de- Free 1.928 Econometrically estimated
mand parameter in the
nominal import equation

dcovEiETscp Increase in ETS cov- Free 0.5 Based on policy scenario
erage  for  production design
and power sector under
CARBONPR]CE (Carbon
Price Increase)

SEQAHH Revaluation rate of HH Model- 0.005405 Calculated from EQ. (374)
EQAs constrained

SEQANFC Revaluation rate of NFC Model- 0.001397 Calculated from EQ. (197)
EQAs constrained

dEQAPS Revaluation rate of PS Model- 0.001397 Calculated from EQ. (121)
EQAs constrained

SEQLNFC Revaluation rate of NFC Model- 0.008192 Calculated from EQ. (198)
EQLs constrained

dEQLPS Revaluation rate of PS Model- 0.008192 Calculated from EQ. (122)
EQLs constrained

dEQNRoW Revaluation rate of RoW Model- 0.005344 Calculated from EQ. (420)
EQAs constrained

OIBAGVT Revaluation rate of GVT Model- 0.0007799 Calculated from EQ. (315)
IBAs constrained

OIBAHH Revaluation rate of HH Model- 0.0007537 Calculated from EQ. (373)
IBAs constrained

0IBANFC Revaluation rate of NFC Model- 0.001064 Calculated from EQ. (196)
IBAs constrained

0rBanmFr  Revaluation rate of NMFI  Model- -0.0001727  Calculated from EQ. (255)
IBAs constrained

OIBAPS Revaluation rate of PS Model- 0.001064 Calculated from EQ. (120)
IBAs constrained

OIBAROW Revaluation rate of RoW Model- 0.0006782 Calculated from EQ. (419)
IBAs constrained

dIBLGVT Revaluation rate of GVT Model- -0.0008064  Calculated from 1. (316)
IBLs constrained

OIBLHH Revaluation rate of NFC Model- -1.215e-06 Calculated from EQ. (199)
IBLs constrained

0IBLNFC Revaluation rate of NFC Model- -0.004033 Calculated from EQ. (199)
IBLs constrained

OIBLNMFI Revaluation rate of NMFI Model- 0.0009828 Calculated from EQ. (256)
IBLs constrained
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Symbol Description Parameter Value Source/remarks
category

OIBLPS Revaluation rate of PS Model- -0.004033 Calculated from EQ. (123)
IBLs constrained

OINS Revaluation rate of Insur- Model- -0.01428 Calculated from EQ. (380)
ance constrained

Okpe Constant depreciation rate Free 0.02375 Calculated from implied
of productive capital rates based on capital

stock data

doreqgrNnmFr Revaluation rate of NMFI  Model- 0.1996 Calculated from EQ. (258)
residual financial instru- constrained
ment

ORESGVT Revaluation rate of GVT Model- 0.009843 Calculated from EQ. (317)
residual financial instru- constrained
ment

ORESHH Revaluation rate of HH Model- -0.6181 Calculated from EQ. (376)
residual financial instru- constrained
ment

ORESNFC Revaluation rate of NFC Model- -0.009206 Calculated from EQ. (201)
residual financial instru- constrained
ment

OresNMFI  Revaluation rate of NMFI  Model- -0.1662 Calculated from EQ. (261)
residual financial instru- constrained
ment

ORESPS Revaluation rate of PS Model- -0.09403 Calculated from EQ. (125)
residual financial instru- constrained
ment

ORESRoW Revaluation rate of RoW Model- -0.01354 Calculated from EQ. (421)
residual financial instru- constrained
ment

Origut Short run adjustment Free 0.8 Reasonable number se-
speed of GVT interest lected from a range of
rates to long run rate values

Orinfe Short run adjustment Free 0.5 Reasonable number se-
speed of NFC interest lected from a range of
rates to long run rate values

Orinmfi Short run adjustment Free 0.5 Reasonable number se-
speed of NMFI interest lected from a range of
rates to long run rate values

Orips Short run adjustment Free 0.5 Reasonable number se-
speed of PS interest rates lected from a range of
to long run rate values
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Symbol Description Parameter Value Source/remarks
category

0SUBSPS Quarterly decay rate of Free 0.9 Reflects gradual wind-
government PS  subsidy down of past committed
when the subsidy trigger spending
is inactive

€EGCFNB Parameter in the HH gross Free 0.5646 Econometrically estimated
capital formation for new
builds equation

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

Emaz Maximum energy intensity Free 2 Selected as a reasonable
of production maximum value based on

UK past data

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

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

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

havior

NGvTB Long run residual transac- Free -0.00292 Taken as the mean of past
tion discrepancy of GVT data
sector relative to GDP

NGvrT Long run lending discrep- Free -0.01744 Taken as the mean of past
ancy of government sector data
relative to GDP

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

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

NMFIT Long run lending discrep- Free -0.01416 Taken as the mean of past
ancy of MFI sector relative data
to GDP

NNFCB Long run residual transac- Free -0.002919 Taken as the mean of past
tion discrepancy of NFC data
sector relative to GDP

NNFCT Long run lending discrep- Free -0.05316 Taken as the mean of past

ancy of NFC sector relative
to GDP

data
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NNMFIB Long run residual transac- Free 0.00573 Taken as the mean of past
tion discrepancy of NMFI data
sector relative to GDP

NNMFIT Long run lending discrep- Free 0.01969 Taken as the mean of past
ancy of NMFTI sector rela- data
tive to GDP

NPSB Long run residual transac- Free -0.05263 Taken as the mean of past
tion discrepancy of PS sec- data
tor relative to GDP

TNRoW B Long run residual transac- Free 0.0006092 Taken as the mean of past
tion discrepancy of RoW data
sector relative to GDP

NRoWT Long run lending discrep- Free -0.0003021  Taken as the mean of past
ancy of RoW sector rela- data
tive to GDP

K1 Scaling parameter gov- Free 40 Calibrated such that the
erning  the  sensitivity model generates the base-
of energy intensity to line scenario
the green/conventional
non-electric capital ratio;
higher values mean energy
intensity responds more
sharply to capital compo-
sition

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

K3 Scaling parameter govern- Free 2 Calibrated such that the

ing the sensitivity of the
electricity/direct fossil en-
ergy mix in production to
green capital accumulation

model generates the base-
line scenario
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Description

Parameter Value

category

Source/remarks

R4

K5

Rhie

MUEgLEC

H“MCELEC

Wdmax

Wdmin

Wemax

Wemin

Scaling parameter gov-
erning the sensitivity of
direct energy
tion emission intensity to
green/conventional capital
composition; higher values
mean emission intensity
falls more sharply as green
capital accumulates
Scaling parameter gov-
erning  the  sensitivity
of fossil fuel electricity
emission intensity to the
green/conventional capital
ratio; controls how quickly
fossil generators become
cleaner as non-fossil capi-
tal expands

Adjusting constant for the
balance between energy ef-
ficiency and electrification
home improvements (£ bil-
lion)

Mark up of electricity
prices above the marginal
cost of electricity produc-
tion

Parameter relating the
marginal cost of fossil fuel
electricty to the overall
marginal cost of electricity
Maximum emission inten-
sity of direct fossil energy
consumption

Minimum emission inten-
sity of direct fossil energy
consumption

Maximum emission inten-
sity of electric fossil fuel
based energy production
Minimum emission inten-
sity of electric fossil fuel
based energy production

consump-

Free

Free

Model-

constrained

Free

Free

Free

Free

Free

Free

20

0.5

2.765

1.228

0.325

0.225

0.8

0.3

Calibrated such that the
model generates the base-
line scenario

Calibrated such that the
model generates the base-
line scenario

Calculated from Eq. ( 361)

Calculated based on past
data

Set as a reasonable esti-
mate to generate the base-
line scenario

Selected as a reasonable
maximum value based on
UK data

Selected such that it is rea-
sonably higher than 0

Selected as a reasonable
maximum value based on
UK data

Selected such that it is rea-
sonably higher than 0
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Description

Parameter
category

Value

Source/remarks

(bLFBdecay

OPETSinitCP

1

™2

3

T4

5

YEQNMFI

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

Initial ETS price multi-
plier (scaling above base-
line) applied at the start of
CARBONpgicrp (Carbon
Price Increase)

Parameter linking green to
conventional non-electric
capital with the
energy intensity of produc-
tion

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

Parameter linking green to
conventional non-electric
capital ratio with the ratio
between electricity and
direct fossil energy use in
production

Parameter linking green to
conventional mnon-electric
capital ratio with the
emission intensity of direct
fossil energy consumption
Parameter linking green to
conventional non-electric
capital with the
emission intensity of fossil
electricity production
Ratio determining NMFIT
EQA transfers based on
their liability  transfers
from other sectors

ratio

ratio

Free

Model-

constrained

Model-

constrained

Model-
constrained

Model-

constrained

Model-

constrained

Model-

constrained

Model-
constrained

0.35

9.5

-1.468

-1.164

-1.728

-1.147

-1.971

0.3921

Taken from OBR labour
market projections

Based on policy scenario
design

Calculated from Eq. (18)

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

that

such

Calculated from Eq. (20)

Calculated
(omega)

from Eq.

Calculated
(omega)

from  Eq.

Calculated from Eq. (252)
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Symbol Description Parameter Value Source/remarks
category
OELEC Upper bound of non-fossil Free 0.975 Consistent with UK Na-
fuel electricity share (0-1); tional Grid assumptions
set at 0.975 to preserve a
minimal fossil fuel back-
stop for grid stability
Ogut Parameter driving the size Free -22.92 Based on recent values
of the interest rate spread
on GVT liabilities
Ohh Parameter driving the size Free 24.3 Based on recent values
of the interest rate spread
on HH liabilities
Onfe Parameter driving the size Free 34.85 Based on recent values
of the interest rate spread
on NFC liabilities
ONFFcap NFF capacity utilisation Free 1.1 Set as a threshold imply-
threshold (ratio of NFF ca- ing moderate excess NFF
pacity to total electricity capacity
demand) triggering gov-
ernment renewable invest-
ment
Onmfi Parameter driving the size Free 21.63 Based on recent values
of the interest rate spread
on NMFT liabilities
Ops Parameter driving the size Free 34.85 Based on recent values
of the interest rate spread
on PS liabilities
Tgut Adjustment speed to long Free 0.05 Set based on reasonable es-
run government income timate and to generate the
and spending rates baseline scenario
Tragot Adjustment speed of GVT  Free 0.75 Reasonable number se-
interest rates to long run lected to be faster than
rate general rates based on
observed past interest rate
behavior
Trahh Adjustment speed of HH Free 0.2 Reasonable number se-
interest rates to long run lected to be slower than
rate general rates based on
observed past interest rate
behavior
Tranfe Adjustment speed of NFC Free 0.5 Reasonable number se-

interest rates to long run
rate

lected from a range of
values
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Symbol Description Parameter Value Source/remarks
category
Tranmfi Adjustment speed  of Free 0.5 Reasonable number se-
NMFI interest rates to lected from a range of
long run rate values
Traps Adjustment speed of PSin- Free 0.5 Reasonable number se-
terest rates to long run rate lected from a range of
values
Trigut Adjustment speed of GVT  Free 0.75 Reasonable number se-
interest rates to long run lected to be faster than
rate general rates based on
observed past interest rate
behavior
Trlhh Adjustment speed of HH Free 0.1391 Reasonable number se-
interest rates to long run lected to be slower than
rate general rates based on
observed past interest rate
behavior
Trinfe Adjustment speed of NFC Free 0.5271 Reasonable number se-
interest rates to long run lected from a range of
rate values
Trinmfi Adjustment  speed  of Free 0.5271 Reasonable number se-
NMFI interest rates to lected from a range of
long run rate values
Trips Adjustment speed of PSin-  Free 0.5271 Reasonable number se-
terest rates to long run rate lected from a range of
values
Trnrow Adjustment speed of RoW  Free 0.5 Reasonable number se-
interest rates to long run lected from a range of
rate values
Odivp Proportion of NMFI divi- Model- 1.125 Calculated from Eq. (240)
dends distributed to other constrained
sectors
OuEE Energy intensity of efficient Model- 0.9783 Calculated from Eq. (11)
electric housing stock constrained
OHEN Energy intensity of efficient Model- 2.242 Calculated from Eq. (14)
non-electric housing stock  constrained
O Energy intensity of ineffi- Free 5.607 Calculated from UK EPC
cient housing stock data
Opsh Fixed share used to ap- Free 0.02744 Based on the ratio of power
portion NFC financial vari- sector to total NFC loans
ables to the power sector from Bank of England data
Osoch Payment rate on NMFI in- Model- 0.02552 Calculated from Eq. (245)
surance stock constrained
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Symbol Description Parameter Value Source/remarks
category

TRENDgpp Parameter in the equation Free 0.0005668 Estimate based on green
for green home improve- housing investment data
ments
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Table 6: Symbols and initial values for endogenous variables (baseline scenario)

Symbol Description Variable Initial Source/remarks

category value

ACrp Average cost of power sec- Model- 0.6176 Calculated from Eq. (89)
tor fossil fuel electricity constrained
production (£ billion)

ACNFF Average cost of power sec- Model- 0.2039 Calculated from Eq. (88)
tor non-fossil fuel electric- constrained
ity production (£ billion)

CHIEER Average cost per property Free 10 Based on heat pump in-
of converting an energy ef- stallation cost estimates at
ficient home to full electric 2022 prices
heating in 2022 prices (£
billion per million homes,

i.e. £10,000 per property)

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

CFENprp Capacity factor of non- Model- 0.7215 Calculated from Eq. (7)
fossil fuel electricity pro- constrained
duction

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

constrained

CONSgyr Government consumption Model- 119.5 Calculated from Eq. (293)
(£ billion) constrained

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

CONSgxg Household consumption (£ Free 340.6 Taken from the ONS UK
billion) economic accounts 2024

adjusting for rents and
FISIM

CONSpgp Household consumption (£ Model- 333.3 Calculated from Eq. (345)
billion) constrained

CONSyrpr Household  consumption Model- 322 Calculated from Eq. (349)
from  production 2022 constrained
prices (£ billion)

CONSprps Household  consumption Free 7.314 Taken from the ONS sup-

from the power sector (£
billion)

ply and use tables 2024
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Symbol Description Variable Initial Source/remarks
category value
CONSygpsgrHousehold  consumption Model- 22.87 Calculated from Eq. (350)
from the power sector 2022 constrained
prices (£ billion)
CONSpgrgr Household  consumption Model- 329.1 Calculated from Eq. (348)
2022 prices (£ billion) constrained
CONSRr Real Consumption 2022 Model- 444.6 Calculated from Eq. (29)
prices (£ billion) constrained and consumption deflators
COSTp Cost of direct fossil energy Free 27.86 Taken from DUKES table
(£ billion) 1.1.6 direct fossil energy
cost
COSTgRr Total economy energy Model- 47.69 Calculated from  Eq.
costs from electricity and constrained (COSTET)
direct fossil sources includ-
ing taxes (£ billion)
COSTp Total ”cost” in production Model- 993.1 Calculated from Eq. (52)
module (£ billion) constrained
COSTpg Total "cost” in power sec- Model- 43.19 Calculated from Eq. (83)
tor (£ billion) constrained
COSTpspr Total cost of power sector Model- 30.08 Calculated from Eq. (87)
fossil fuel electricity pro- constrained
duction (£ billion)
COSTpsnrr Total cost of power sec- Model- 14.75 Calculated from Eq. (86)
tor non-fossil fuel electric- constrained
ity production (£ billion)
COVgrsp Proportion of production Free 0.1882 Taken as a rate consistent
emissions subject to ETS with UK ETS revenue in
2022
COVgrsps Proportion of power sector Free 0.5 Taken as an estimate based
emissions subject to ETS on OBR emission and tax
forecasts
CRNFc Credit rationing rate for Free 0.1188 Constructed from credit
NFCs conditions index while
assuming maximum ra-
tioning rate of 40%
CRpgs Credit rationing rate for Free 0.1188 Constructed from credit
power sector conditions index while
assuming maximum ra-
tioning rate of 40%
DEBTgpp Debt to GDP ratio (%) Free 79.29 Calculated from initial

Government debt and 23
levels
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Symbol Description Variable Initial Source/remarks
category value
DEFnpc NFC default rates assumed Model- 0.0005203 Calculated from EQ. (199)
to be proportional to NFC constrained
Revaluations
DEFpg PS default rates assumed Model- 0.0005203 Calculated from EQ. (123)
to be proportional to PS constrained
Revaluations
detra Determinant of I - A ma- Model- 0.39 Calculated from Eq. (168)
trix for calculating Leion- constrained
tief matrix coefficients
DISCgyr  Lending discrepancy for Model- -8.852 Calculated from Eq. (308)
the government sector (£ constrained
billion)
DISCyxy Lending discrepancy for Model- 10.77 Calculated from Eq. (366)
the HH sector (£ billion)  constrained
DISCyrr Lending  discrepancy for Model- -21.13 Calculated from Eq. (225)
the MFI sector (£ billion)  constrained
DISCnypc  Lending discrepency for Model- -35.54 Calculated from Eq. (190)
the NFC sector (£ billion) constrained
DISCynyrr Lending  discrepancy for Model- 81.8 Calculated from Eq. (249)
the NMFT sector (£ billion) constrained
DISCrow  Lending discrepancy for Model- -27.04 Calculated from Eq. (415)
the RoW sector (£ billion) constrained
DIV Ngow  Net-Dividends received by Free -5.44 Taken from the ONS UK
the RoW sector (£ billion) economic accounts 2024
DIV Pypc  Dividends paid by the NFC  Free 44.34 Taken from the ONS UK
sector (£ billion) economic accounts 2024
DIV Pyyrr Dividends paid by the Model- 57.44 Calculated from Eq. (240)
NMFT sector (£ billion) constrained
DIV Ppg Dividends paid by the Free 1.251 Taken from the ONS UK
power sector (£ billion) economic accounts 2024
with the power sector ac-
counting for a fixed propor-
tion of NFC financial vari-
ables
DIVRyy Dividends received by the Free 32.47 Taken from the ONS UK
Household sector (£ bil- economic accounts 2024
lion)
DIVRyprc  Dividends received by the Free 24.28 Taken from the ONS UK
NFC sector (£ billion) economic accounts 2024
DIV Ryyrr Dividends received by the Model- 51.04 Calculated from Eq. (240)
NMFT sector (£ billion) constrained
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Symbol Description Variable Initial Source/remarks
category value
DIV Rpg Dividends received by the Free 0.685 Taken from the ONS UK
power sector (£ billion) economic accounts 2024
with the power sector ac-
counting for a fixed propor-
tion of NFC financial vari-
ables
DY Domestic outpout Model- 812.3 Calculated from Eq. (398)
constrained
E Total final energy wuse Free 365.2 Taken from ONS DUKES
(TwH) table 1.1.5
Ep Total final direct fossil en- Model- 298.4 Calculated from Eq. (12)
ergy consumption (TwH) constrained
Epy Direct fossil energy con- Model- 85.03 Calculated from Eq. (3)
sumption in  housing constrained
(TwH)
Epp Total final production di- Model- 213.3 Calculated using Eq. (13)
rect fossil energy consump-  constrained
tion (TwH)
ErrLEc Total final electricity use Free 66.88 Taken from ONS DUKES
(TwH) table 1.1.5
ErrLecrF Total final electricity use Model- 26.91 Calculated from Eq. (8)
from fossil fuel sources constrained
(TwH)
ErprecH Total domestic final elec- Free 22.87 Taken from ONS DUKES
tricity use (TwH) table 1.1.5
Errpomax Maximum electrical energy  Model- 127.3 Calculated from Eq. (6)
production (TwH) constrained
Erprponrpr  Total final electricity use Free 39.97 Calculated from non-fossil
from non-fossil fuel sources fuel energy supply pro-
(TwH) portions from UK energy
trends table 5.1
EerLecp Electric energy use in pro- Model- 44.01 Calculated from Eq. (5)
duction (TwH) constrained
Ey Total final domestic energy Free 107.9 Taken from ONS DUKES
use (TwH) table 1.1.5
Ep Total final energy use from Model- 257.3 Calculated from Eq. (1)
production (TwH) constrained
EMIS Total greenhouse gas emis- Free 101.5 Taken from DESNZ final
sions (MtCO2e) greenhouse gas emissions
table 1.2
EMISp Total direct energy Model- 87.83 Calculated from Eq. (15)
consumption emissions constrained
(MtCO2e)
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Symbol Description Variable Initial Source/remarks
category value
EMISgrpc Total  greenhouse  gas Free 13.72 Taken from DESNZ final
emissions from electricty greenhouse gas emissions
(MtCO2e) table 1.2
EMP Total employed people Free 32.81 Taken from the ONS
(millions) labour market survey 2023
EM Pprr Total employed people in  Model- 27.01 Calculated from Eq. (36)
the private sector (mil- constrained
lions)
EM Ppyp Total employed people in Free 5.802 Taken from the ONS
the public sector (millions) labour market survey 2023
EQApgy Equity assets of the HH Free 1070 Taken from the ONS UK
sector (£ billion) economic accounts 2024
EQANFc Equity assets of the NFC Free 1379 Taken from the ONS UK
sector (£ billion) economic accounts 2024
EQAnyrr Equity assets of the NMFI  Model- 3857 Calculated as the sum of
sector (£ billion) constrained other sector equity liabili-
ties
EQAps Equity assets of the power Free 38.92 Taken from the ONS UK
sector (£ billion) economic accounts 2024
with the power sector ac-
counting for a fixed propor-
tion of NFC financial vari-
ables
EQATRpy Equity asset net-transfers Free -19.04 Taken from the ONS UK
of the HH sector (£ billion) economic accounts 2024
EQATRNyFc Equity asset net-transfers Free 13.59 Taken from the ONS UK
of the NFC sector (£ bil- economic accounts 2024
lion)
EQAT Ry rrEquity assets transfers of Model- -15.75 Calculated from Eq. (252)
the NMFI sector (£ billion) constrained
EQATRps Equity asset net-transfers Free 0.3836 Taken from the ONS UK
of the power sector (£ bil- economic accounts 2024
lion) with the power sector ac-
counting for a fixed propor-
tion of NFC financial vari-
ables
EQLnpc Equity liabilities of the Free 3751 Taken from the ONS UK
NFC sector (£ billion) economic accounts 2024
EQLynyrr Equity liabilities of the Model- 2522 Calculated as the sum of
NMEFT sector (£ billion) constrained other sector equity assets
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Symbol Description Variable Initial Source/remarks
category value
EQLpg Equity liabilities of the Free 105.8 Taken from the ONS UK
power sector (£ billion) economic accounts 2024
with the power sector ac-
counting for a fixed propor-
tion of NFC financial vari-
ables
EQLTRypc Equity  liabilities  net- Free -15.31 Taken from the ONS UK
transfers of the NFC economic accounts 2024
sector (£ billion)
EQLT Ry rrEquity liability transfers of Model- -83.46 Calculated from Eq. (251)
the NMFT sector (£ billion) constrained
EQLTRps Equity liabilities net- Free -0.4321 Taken from the ONS UK
transfers of the power economic accounts 2024
sector (£ billion) with the power sector ac-
counting for a fixed propor-
tion of NFC financial vari-
ables
EQNpgow Equity assets of the RoW  Free 34.07 Taken from the ONS UK
sector (£ billion) economic accounts 2024
EQNTRR,w Equity asset net-transfers Free -78.4 Taken from the ONS UK
of the RoW sector (£ bil- economic accounts 2024
lion)
ER Nominal exchange Rate In-  Free 1 Taken from ONS exchange
dex rate index data and nor-
malised around initial con-
dition
EXP Total Exports (£ billion) Free 236.4 Taken from the ONS UK
economic accounts 2024
EXPgr Total exports 2022 prices Model- 227.9 Calculated from Eq. (403)
(£ billion) constrained
Fp Final demand for produc- Model- 805 Calculated from EQ. (48)
tion sector products constrained
Fpgr Final demand of the pro- Model- 7778 Calculated from Eq. (49)
duction sector £ billion) constrained
(IMPg)
Fpg Final demand of the power Model- 7.314 Calculated from Eq. (79)
sector (£ billion) constrained
Fpsgr Final demand of the power Model- 22.87 Calculated from Eq. (80)
sector £ billion) constrained
FAgyr Financial assets of the Model- 465 Calculated from Eq. (323)
GVT sector (£ billion) constrained
FAppy Financial assets of the HH Model- 6785 Calculated from Eq. (382)
sector (£ billion) constrained
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Symbol Description Variable Initial Source/remarks
category value

FAyrFr Financial assets of the MFI Model- 7701 Calculated from Eq. (227)
sector (£ billion) constrained

FAnrpc Financial assets of the Model- 2654 Calculated from Eq. (206)
NFC sector (£ billion) constrained

FANMET Financial assets of the Model- 9090 Calculated from Eq. (266)
NMFT sector (£ billion) constrained

FApg Financial assets of the Model- 74.88 Calculated from Eq. (130)
power sector (£ billion) constrained

FLgyr Financial liabilities of the Model- 2517 Calculated from Eq. (324)
GVT sector (£ billion) constrained

FLyy Financial liabilities of the Model- 2083 Calculated from Eq. (383)
HH sector (£ billion) constrained

FLyrr Financial liabilities of the Model- 7591 Calculated from Eq. (231)
MFT sector (£ billion) constrained

FLyro Financial liabilities of the Model- 5380 Calculated from Eq. (207)
NFC sector (£ billion) constrained

FLyMET Financial liabilities of the Model- 9191 Calculated from Eq. (267)
NMEFT sector (£ billion) constrained

FLpg Financial liabilities of the Model- 151.8 Calculated from Eq. (131)
power sector (£ billion) constrained

FNW Overall financial net worth Model- 3.411e-13 Calculated from Eq. (457)
- should equal 0 by defini- constrained
tion

FNWgayr Financial net-worth of the Free -1854 Taken from the ONS UK
GVT sector (£ billion) economic accounts 2024

adjusted to account for
Maastricht debt

FNWayry Model determined finan-  Model- -2052 Calculated from Eq. (325)
cial net-worth of the GVT  constrained
sector (£ billion)

FNWyH Financial net-worth of the Free 4382 Taken from the ONS UK
HH sector (£ billion) economic accounts 2024

FNWyrm  Model determined finan- Model- 4701 Calculated from Eq. (384)
cial net-worth of the HH constrained
sector (£ billion)

FNWy Overall model determined Model- 5.684e-13 Calculated from Eq. (456)
financial net worth - should constrained
equal 0 by definition

FNWypr Financial net-worth of the Model- 40.74 Calculated from Eq. (234)
MFT sector (£ billion) constrained

FNWyprv Model determined finan-  Model- 110.3 Calculated from Eq. (232)
cial net-worth of the MFI constrained

sector (£ billion)

78



Symbol Description Variable Initial Source/remarks
category value
FNWnNFEc Financial net-worth of the Free -2991 Taken from the ONS UK
NFC sector (£ billion) economic accounts 2024
FNWxrcym Model determined finan-  Model- -2726 Calculated from Eq. (208)
cial net-worth of the NFC constrained
sector (£ billion)
FNWyxurr  Financial net-worth of the Free 161.8 Taken from the ONS UK
NMEFT sector (£ billion) economic accounts 2024
FNWxNyrEriv Model determined finan-  Model- -100.9 Calculated from Eq. (268)
cial net-worth of the NMFI  constrained
sector (£ billion)
FNWpg Financial net-worth of the Free -84.4 Taken from the ONS UK
power sector (£ billion) economic accounts 2024
with the power sector ac-
counting for a fixed propor-
tion of NFC financial vari-
ables
FNWpgsy  Model determined finan-  Model- -76.91 Calculated from Eq. (132)
cial net-worth of the power constrained
sector (£ billion)
FNWgow Financial net-worth of the Free 344.7 Taken from the ONS UK
RoW sector (£ billion) economic accounts 2024
FNWpgownm Model determined finan- Model- 143.8 Calculated from Eq. (424)
cial net-worth of the RoW constrained
sector (£ billion)
g Nominal GDP growth rate Model- 1.019 Calculated from Eq. (32)
constrained
GCF Gross fixed capital forma- Model- 115.8 Calculated from Eq. (26)
tion (£ billion) constrained
GCFEgyr Gross capital formation of Free 20.76 Taken from the ONS UK
the government sector (£ economic accounts 2024
billion)
GCFayre  Conventional gross capital Model- 19.9 Calculated from Eq. (300)
formation of the GVT sec- constrained
tor (£ billion)
GCFgyrcr Conventional gross capital Model- 19.3 Calculated from Eq. (304)
formation of the GVT sec- constrained
tor 2022 prices (£ billion)
GCFqgyra  Gross capital formation of Free 0.8578 Taken by assuming govern-

the GVT sector (£ billion)

ment has the same initial
proportion of green invest-
ment as the NFC sector
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Symbol Description Variable Initial Source/remarks

category value

GCFavrar Green gross capital forma- Model- 0.832 Calculated from Eq. (303)
tion of the GVT sector constrained
2022 prices (£ billion)

GCFayrr  Gross capital formation of Model- 20.14 Calculated from Eq. (302)
the GVT sector 2022 prices constrained
(£ billion)

GCFypn Gross capital formation of Free 29.33 Taken from the ONS UK
the household sector (£ bil- economic accounts 2024
lion)

GCFygygr Household Gross capital Model- 1.559 Calculated from Eq. (352)
formation in home im- constrained
provement 2022 prices (£
billion)

GCFypuieeAGross fixed capital forma- Model- 0.06804 Calculated from Eq. (362)
tion in electrification home constrained
improvements 2022 prices
(£ billion)

GCFypurenfaross fixed capital forma- Free 0.1437 Calculated such that initial
tion in energy efficiency value is reasonable
home improvements 2022
prices (£ billion)

GCFypurer Gross fixed capital for- Model- 0.2117 Calculated from Eq. (359)
mation in energy efficient constrained
home improvements 2022
prices (£ billion)

GCFypurng Gross fixed capital forma- Model- 1.3 Calculated from Eq. (360)
tion in non-energy home constrained
improvements 2022 prices
(£ billion)

GCFypgurr Gross fixed capital forma- Model- 1.512 Calculated from Eq. (356)
tion in home improvements constrained
2022 prices (£ billion)

GCFyugng Gross fixed capital forma- Model- 27.77 Calculated from Eq. (356)
tion in new houses 2022 constrained
prices (£ billion)

GCFygnpr Gross fixed capital forma- Free 26.94 Taken from the ONS UK
tion in new houses 2022 economic accounts 2024
prices (£ billion)

GCFyur Gross fixed capital forma- Model- 28.45 Calculated from Eq. (356)
tion in new houses (£ bil- constrained
lion)

GCFnFrco Gross capital formation of Free 63.53 Taken from the ONS UK

the NFC sector (£ billion)

economic accounts 2024
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Symbol Description Variable Initial Source/remarks
category value

GCFyrcc  Conventional gross capital Model- 60.9 Calculated from Eq. (184)
formation of the NFC sec- constrained
tor (£ billion)

GCFyrccr Conventional gross capital Model- 59.07 Calculated from Eq. (187)
formation of the NFC sec- constrained
tor 2022 prices (£ billion)

GCFnrcp  Desired NFC gross capital Model- 72.09 Calculated from Eq. (181)
formation constrained

GCFyrog  Green gross capital forma- Free 2.625 Based on UK Government
tion of the NFC sector (£ Green Financing: Alloca-
billion) tion Report 2024

GCFyrogr Green gross capital forma- Model- 2.546 Calculated from Eq. (186)
tion of the NFC sector 2022  constrained
prices (£ billion)

GCFypcr  Gross capital formation of Model- 61.62 Calculated from Eq. (185)
the NFC sector 2022 prices constrained
(£ billion)

GCFpspr Gross capital formation of Model- 0.6638 Calculated from Eq. (106)
fossil fuel power capital (£ constrained
billion)

GCFpgsrrp Desired PS fossil fuel gross Model- 0.7533 Calculated from Eq. (106)
capital formation constrained

GCFpsprr Gross capital formation of Model- 0.6438 Calculated from Eq. (136)
fossil fuel power capital constrained
2022 prices (£ billion)

GCFpsnrr Gross capital formation of Model- 1.489 Calculated from Eq. (107)
non-fossil fuel power capi- constrained
tal (£ billion)

GCFpsnrrp Desired PS non-fossil gross Model- 1.69 Calculated from Eq. (107)
capital formation constrained

GCFpsyrrr Gross capital formation of Model- 1.444 Calculated from Eq. (142)
non-fossil fuel power capi- constrained
tal 2022 prices (£ billion)

GCFpsr Gross capital formation Model- 2.088 Calculated from Eq. (111)
of the power sector 2022 constrained
prices (£ billion)

GCFgr Real gross fixed capital for- Model- 112.3 Calculated from Eq. (30)
mation 2022 prices (£ bil- constrained and GFCF deflators
lion)

GDP Gross domestic product (£ Model- 584.5 Calculated from Eq. (23)
billion) constrained

GDPg Real gross domestic prod- Model- 562.6 Calculated from Eq. (28)
uct 2022 prices (£ billion)  constrained

81



Symbol Description Variable Initial Source/remarks
category value

GDPrrE Labour-determined poten- Model- 584.3 Calculated using Eq. (45)
tial GDP (£ billion) constrained

GDPrri Capital-determined poten- Model- 690.3 Calculated using Eq. (47)
tial GDP (£ billion) constrained

GDPryax Maximum real supply con- Model- 584.3 Calculated using Eq. (41)
strained GDP (£ billion) constrained

GO Total output (£ billion) Model- 1191 Calculated from Eq. (27)

constrained

GOp Gross output from produc- Model- 1152 Calculated from Eq. (51)
tion (£ billion) constrained

GOpr Production sector gross Model- 1113 Calculated from Eq. (50)
output 2022 prices (£ bil- constrained
lion)

GOps Gross output from the Model- 38.71 Calculated from Eq. (51)
power sector (£ billion) constrained

GOpsr Power sector gross output Model- 121 Calculated from (81)
2022 prices (£ billion) constrained

GOgr Total output (£ billion Model- 1150 Calculated from Eq. (31)
2022 prices) constrained

GOSp Gross operating surplus Model- 158.7 Calculated from Eq. (53)
from production (£ billion) constrained

GOSpg Gross operating surplus of Model- -4.479 Calculated Eq. (84)
the power sector (£ billion) constrained

H Total number of UK prop- Free 30.06 From UK census data
erties (millions)

Hpg Total number of UK en- Free 0.9634 From UK EPC data
ergy efficient electric prop-
erties (EPC rating C and
above with electric pri-
mary fuel) (millions)

Hpyn Total number of UK en- Free 16.69 From UK EPC data
ergy efficient non-electric
properties (EPC rating
C and above with non-
electric  primary  fuel)
(millions)

H; Total number of UK Free 124 From UK EPC data

non-energy efficient non-
electric properties (EPC
rating D and below) (mil-
lions)
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Symbol Description Variable Initial Source/remarks
category value
HB Number of houses built in  Model- 0.021 Calculated as the change
the UK (millions) constrained in house numbers based on
housing data
HV AL Total value of housing Model- 8727 Calculated from Eq. (394)
stock (£ billion) constrained
Iapy Import price index adjust- Model- 1.038 Calculated from Eq. (409)
ment based on changing constrained
basket of import goods
IBAGyT Interest bearing assets of Free 465 Taken from the ONS UK
the government sector (£ economic accounts 2024
billion)
IBAgy Interest bearing assets of Free 2151 Taken from the ONS UK
the HH sector (£ billion) economic accounts 2024
IBANFC Interest bearing assets of Free 1274 Taken from the ONS UK
the NFC sector (£ billion) economic accounts 2024
IBANyFEr  Interest bearing assets of  Free 4394 Taken from the ONS UK
the NMF1I sector (£ billion) economic accounts 2024
excluding government bor-
rowing
IBApg Interest bearing assets of Free 35.96 Taken from the ONS UK
the power sector (£ billion) economic accounts 2024
with the power sector ac-
counting for a fixed propor-
tion of NFC financial vari-
ables
IBATRgyr Interest bearing asset net- Free -9.236 Taken from the ONS UK
transfers of the GVT sector economic accounts 2024
(£ billion)
IBATRyy Interest bearing asset net- Free 15.41 Taken from the ONS UK
transfers of the HH sector economic accounts 2024
(£ billion)
IBATRypr Interest  bearing  asset Model- -155.3 Calculated from Eq. (228)
transfers of the MFI sector constrained
(£ billion)
IBATRNFpc Interest bearing asset net- Free -37.73 Taken from the ONS UK
transfers of the NFC sector economic accounts 2024
(£ billion)
IBAT RN 1 Interest bearing asset net-  Free -141.5 Taken from the ONS UK

transfers of the NMFT sec-
tor (£ billion)

economic accounts 2024
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Symbol Description Variable Initial Source/remarks

category value

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

counting for a fixed propor-
tion of NFC financial vari-
ables

IBLgyr Interest bearing liabilities Free 2517 Taken from UK govern-
of the government sector ment Maastricht debt data
(£ billion)

IBLgyrymrr Interest bearing liabilities Free 838.9 Taken as a proportion
of the government sector of total government IBLs
held by MFIs (£ billion) based on flow of funds data

IBLgyrnymrrInterest bearing liabilities Free 838.9 Taken as a proportion
of the government sector of total government IBLs
held by NMFIs (£ billion) based on flow of funds data

IBLgyTrow Interest bearing liabilities Free 838.9 Taken as a proportion
of the government sector of total government IBLs
held by RoW (£ billion) based on flow of funds data

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

IBLNFC Interest bearing liabilities Free 1628 Taken from the ONS UK
of the NFC sector (£ bil- economic accounts 2024
lion)

IBLNMFI Interest bearing liabilities Free 3105 Taken from the ONS UK
of the NMFT sector (£ bil- economic accounts 2024
lion)

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

counting for a fixed propor-
tion of NFC financial vari-
ables

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

IBLTRgyryAnterest bearing liabilities Free 21.88 Taken as a proportion
transfers of the government of total government IBLs
sector held by MFIs (£ bil- based on flow of funds data
lion)

IBLT RgyryMmterest bearing liabilities Free 21.88 Taken as a proportion

transfers of the government
sector held by NMFIs (£
billion)

of total government IBLs
based on flow of funds data
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Symbol Description Variable Initial Source/remarks

category value

IBLTRgyTRrolnterest bearing liabilities Free 21.88 Taken as a proportion
transfers of the government of total government IBLs
sector held by RoW (£ bil- based on flow of funds data
lion)

IBLTRpp Interest bearing liabilities Free 15.36 Taken from the ONS UK
net-transfers of the HH sec- economic accounts 2024
tor (£ billion)

IBLTRyr;r Interest bearing liability Model- -146.3 Calculated from Eq. (229)
transfers of the MFI sector constrained
(£ billion)

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

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

IBLTRps  Interest bearing liabilities Free -1.448 Taken from the ONS UK
net-transfers of the power economic accounts 2024
sector (£ billion) with the power sector ac-

counting for a fixed propor-
tion of NFC financial vari-
ables

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

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

ICryErps  Intermediate consumption Free 15.75 Taken from the ONS sup-
of the power sector for fuel ply and use tables 2024
products

ICryeLpsr Intermediate consumption Model- 15.75 Calculated from Eq. (166)
of the power sector for constrained
fuel products (£ bn 2022
prices)

ICopps Intermediate consumption Model- 8.833 Calculated from Eq. (165)
of the power sector for constrained
other production products
(£ billion)

ICoppsr Intermediate consumption Model- 8.535 Calculated from Eq. (167)
of the power sector for constrained

other products (£ bn 2022
prices)
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category value

ICpp Internal intermediate con- Free 322.2 Taken from the ONS sup-
sumption of the production ply and use tables 2024
sector

I1Cppr Real internal intermediate Free 311.3 Calculated from Eq. (161)
consumption of the pro-
duction sector

ICpps Intermediate consumption Free 24.58 Taken from the ONS sup-
of the power sector for pro- ply and use tables 2024
duction products

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

ICpspr Real intermediate con- Model- 44.01 Calculated from Eq. (158)
sumption of the produc- constrained
tion sector for power sector
products (£bn 2022 prices)

ICpsps Internal intermediate con- Free 17.32 Taken from the ONS sup-
sumption of the power sec- ply and use tables 2024
tor

ILLIQps Iiquidity ratio of the Model- 1.046 Calculated from Eq. (149)
power sector constrained

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

economic accounts 2024

IMPg Total imports 2022 prices Model- 222.3 Calculated from Eq. (402)
(£ billion) constrained

INF4 UK annual CPI inflation Free 0.107 From ONS CPI data
rate

INS Total Insurance stock - as- Free 970.5 Taken from the ONS UK
set of households and a li- economic accounts 2024
ability of the NMFI sector
(£ billion)

INSR Income payable on insur- Free 3.14 Taken from the ONS UK
ance entitlements economic accounts 2024

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

INTAX Total income tax received Model- 99.07 Calculated from Eq. (283)
by the government (£ bil- constrained
lion)

INTAXpgg Income tax paid by the Free 79.91 Taken from the ONS UK

household sector (£ bil-
lion)

economic accounts 2024
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Symbol Description Variable Initial Source/remarks
category value
INTAXNnpe Income tax paid by the Free 19.16 Taken from the ONS UK
NFC sector (£ billion) economic accounts 2024
INTAX Rpp Income tax rate of House- Model- 0.2193 Calculated from Eq. (286)
holds constrained
INTAX Rypdncome tax rate of NFCs ~ Model- 0.05261 Calculated from Eq. (284)
constrained
INTNgow  Net-Interest received by Free 19.52 Taken from the ONS UK
the RoW sector (£ billion) economic accounts 2024
INTPgyr  Interest paid by the GVT  Free 32.87 Taken from the ONS UK
sector (£ billion) economic accounts 2024
INTPgy Interest paid by the HH Free 15.46 Taken from the ONS UK
sector (£ billion) economic accounts 2024
INTPypr Interest paid by the MFI  Model- 66.65 Calculated from Eq. (224)
sector (£ billion) constrained
INTPypce  Interest paid by the NFC  Free 10.28 Taken from the ONS UK
sector (£ billion) economic accounts 2024
INTPnyrr Interest paid by the NMFI  Free 18.85 Taken from the ONS UK
sector (£ billion) blue book 2023, annual
data converted to quar-
terly using cubic spline in-
terpolation
INT Ppg Interest paid by the power Free 0.2902 Taken from the ONS UK
sector (£ billion) economic accounts 2024
with the power sector ac-
counting for a fixed propor-
tion of NFC financial vari-
ables
INTRgyr  Interest received by the Free 3.089 Taken from the ONS UK
GVT sector (£ billion) economic accounts 2024
INTRpig Interest received by the HH  Free 5.36 Taken from the ONS UK
sector (£ billion) economic accounts 2024
INTRypr  Interest received by the Model- 77.75 Calculated from Eq. (223)
MFT sector (£ billion) constrained
INTRNpe  Interest received by the Free 4.206 Taken from the ONS UK
NFC sector (£ billion) economic accounts 2024
INTRNyFpr Interest received by the Free 34.35 Taken from the ONS UK

NMFT sector (£ billion)

blue book 2023, annual
data converted to quar-
terly using cubic spline in-

terpolation
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Symbol Description Variable Initial Source/remarks
category value
INTRpg Interest received by the Free 0.1187 Taken from the ONS UK
power sector (£ billion) economic accounts 2024
with the power sector ac-
counting for a fixed propor-
tion of NFC financial vari-
ables
ITAX Total indirect tax received Model- 65.98 Calculated from Eq. (272)
by the government (£ bil- constrained
lion)
ITAXp ETS tax on direct fossil en- Model- 0.1101 Calculated from Eq. (274)
ergy consumption constrained
ITAXp Total indirect taxes - sub- Free 64.69 Taken from the ONS UK
sidies on production (£ bil- economic accounts 2024
lion)
ITAXpg Total indirect taxes - sub- Free 1.289 Taken from the ONS sup-
sidies on the power sector ply and use tables 2024
(£ billion)
ITAXpspr Indirect tax of the power Model- 0.5461 Calculated from Eq. (279)
sector on fossil fuel electric-  constrained
ity production (£ billion)
ITAX psypr Indirect tax of the power Model- 0.7432 Calculated from Eq. (280)
sector on non-fossil fuel constrained
electricity production (£
billion)
ITAXRp Indirect tax rate (exclud- Model- 0.05607 Calculated from Eq. (275)
ing ETS) of the production constrained
sector
ITAXRps Indirect tax rate (exclud- Model- 0.03213 Calculated from Eq. (278)
ing ETS) of power sector constrained
Kavr GVT capital(£ billion) Model- 886.7 Calculated from Eq. (331)
constrained
Kavre Conventional GVT capi- Model- 851.2 Calculated from Eq. (332)
tal(£ billion) constrained
Kaovrer Conventional GVT capital Model- 825.6 Calculated from Eq. (328)
stock 2022 prices (£ bil- constrained
lion)
Kavra Green GVT capital(£ bil- Model- 35.47 Calculated from Eq. (333)
lion) constrained
Kovrr Capital stock of the GVT Free 860 Taken from the ONS capi-
sector 2022 prices (£ bil- tal stock tables 2023
lion)
Knrc NFC capital(£ billion) Model- 2501 Calculated from Eq. (214)
constrained
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Symbol Description Variable Initial Source/remarks
category value
Knrco Conventional NFC capi- Model- 2401 Calculated from Eq. (215)
tal(£ billion) constrained
Knrcor Conventional NFC capital Model- 2329 Calculated from Eq. (211)
stock 2022 prices (£ bil- constrained
lion)
Knrea Green NFC capital(£ bil- Model- 100 Calculated from Eq. (216)
lion) constrained
Knror Capital stock of the NFC Free 2426 Taken from the ONS capi-
sector 2022 prices (£ bil- tal stock tables 2023
lion)
Kp Total production capital Model- 3388 Calculated from Eq. (72)
(£ billion) constrained
Kpe Total conventional produc- Model- 3252 Calculated from Eq. (74)
tion capital (£ billion) constrained
Kpcr Real total conventional Model- 3155 Calculated from Eq. (77)
production capital 2022 constrained
prices (£ billion)
Kpg Total green production Model- 135.5 Calculated from Eq. (73)
capital (£ billion) constrained
Kpar Real total green produc- Model- 131.4 Calculated from Eq. (76)
tion capital 2022 prices (£ constrained
billion)
Kpgr Real total production cap- Model- 3286 Calculated from Eq. (75)
ital 2022 prices (£ billion)  constrained
Kpg Capital stock of the power Free 132.5 Taken from the ONS cap-
sector(£ billion) ital stock tables 2023 as-
suming D351 capital is pro-
portion to the sectors GVA
in the supply and use ta-
bles 2023
Kpsrr Power sector fossil fuel cap- Model- 79.51 Calculated from Eq. (145)
ital (£ billion) constrained
Kpsrrr Power sector fossil fuel cap- Model- 77.12 Calculated from Eq. (135)
ital 2022 prices (£ billion)  constrained
KpsnrFr Power sector non-fossil fuel Model- 57.11 Calculated from Eq. (145)
capital (£ billion) constrained
KpsNFFR Non-fossil  fuel capital Free 55.4 Calculated using DUKES

stock of the power sector
(£ billion)

table 5.7
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Symbol Description Variable Initial Source/remarks
category value
Kpsr Capital stock of the power Free 132.5 Taken from the ONS cap-
sector 2022 prices (£ bil- ital stock tables 2023 as-
lion) suming D351 capital is pro-
portion to the sectors GVA
in the supply and use ta-
bles 2023
Lpp Leiontief coefficient for in- Model- 1.417 Calculated from Eq. (169)
ternal intermediate con- constrained
sumption of the production
sector
Lpps Leiontief coefficient for the Model- 0.5143 Calculated from Eq. (170)
powersector intermediate constrained
consumption of the pro-
duction products
Lpsp Leiontief coefficient for the Model- 0.1014 Calculated from Eq. (171)
production sector interme- constrained
diate consumption of the
power products
Lpsps Leiontief coefficient for in- Model- 1.847 Calculated from Eq. (172)
ternal intermediate con- constrained
sumption of the power sec-
tor
LEND Overall net lending - Model- 0 Calculated from Eq. (455)
should equal 0 by defini- constrained
tion
LENDgyr Net-lending position of the Free -41.27 Taken from the ONS UK
GVT sector (£ billion) economic accounts 2024
LENDcgyrym Model  determined net- Model- -32.42 Calculated from Eq. (306)
lending position of the constrained
government  sector (£
billion)
LENDpgp  Net-lending position of the Free -0.471 Taken from the ONS UK
HH sector (£ billion) economic accounts 2024
LENDggy Model  determined net-  Model- -11.24 Calculated from Eq. (364)
lending position of the HH constrained
sector (£ billion)
LEND Overall model determined Model- 5.44 Calculated from Eq. (454)
net lending - should equal constrained
0 by definition
LENDyr;r Net-lending position of the Free -15.47 Taken from the ONS UK

MFT sector (£ billion)

economic accounts 2024
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Symbol Description Variable Initial Source/remarks
category value
LENDypry Model  determined net Model- 11.1 Calculated from Eq. (222)
lending of the MFI sector constrained
(£ billion)
LENDyprc Net-lending position of the Free 14.29 Taken from the ONS UK
NFC sector (£ billion) economic accounts 2024
LENDypcy Model  determined net- Model- 49.83 Calculated from Eq. (188)
lending position of the constrained
NFC sector (£ billion)
LENDpyyrr Net-lending position of the  Free 66.38 Taken from the ONS UK
NMEFT sector (£ billion) economic accounts 2024
LENDpyyriavModel  determined net- Model- -15.42 Calculated from Eq. (247)
lending position of the constrained
NMFT sector (£ billion)
LENDps  Net-lending position of the Model- -7.37 Calculated from Eq. (114)
power sector (£ billion) constrained
LENDpow  Net-lending position of the Free -16.09 Taken from the ONS UK
RoW sector (£ billion) economic accounts 2024
LEN Dpgow Disposable income of the Model- 10.96 Calculated from Eq. (411)
rest of the world (£ billion) constrained
LEVNFC Leverage ratio of the NFC  Model- 0.651 Calculated from Eq. (218)
sector constrained
LEVpg Leverage ratio of the power Model- 0.3467 Calculated from Eq. (148)
sector constrained
LF Labour force (millions) Free 34.08 Taken from the ONS
labour market survey 2023
MAAS sp; Maastricht debt adjust- Free -94.69 Calculated from past data
ment to interest bearing li-
ability stock of the govern-
ment sector
MCgrec Marginal cost of overall Model- 0.4365 Calculated from Eq. (92)
electricity generation (£ constrained
bn/ TwH)
MCrp Marginal cost of fossil fuel Model- 0.5868 Calculated from Eq. (91)
electricity generation (£ constrained
bn/ TwH)
NWeavr GVT net worth (£ billion) Model- -967.2 Calculated from Eq. (337)
constrained
NWyn HH net worth (£ billion) Model- 13110 Calculated from Eq. (396)
constrained
NWnNFc NFC net worth (£ billion) Model- -489.9 Calculated from Eq. (217)
constrained
NWpg Net worth of the power sec- Model- 48.12 Calculated from Eq. (147)
tor (£ billion) constrained
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Symbol Description Variable Initial Source/remarks
category value
OCONSgyr Other consumption of the Free 58.03 Taken from the ONS UK
Government sector (£ bil- economic accounts 2024
lion) by deducting government
wages and gross operating
surplus from total govern-
ment consumption
OTgQabnH Revaluations of equity as- Model- 57.13 Calculated from Eq. (378)
sets of the HH sector (£ bil-  constrained
lion)
OTgganrc Revaluations of equity as- Model- -42.8 Calculated from Eq. (197)
sets of the NFC sector (£ constrained
billion)
OTgganmrr Revaluations of equity as- Model- 180.3 Calculated from Eq. (257)
sets of the NMFTI sector (£ constrained
billion)
OTEqQaPs Revaluations of equity as- Model- -1.208 Calculated from Eq. (121)
sets of the power sector (£ constrained
billion)
OTggrnrc  Revaluations of equity lia- Model- 175.3 Calculated from Eq. (198)
bilities of the NFC sector constrained
(£ billion)
OTggrnmrr Revaluations of equity lia- Model- 127.1 Calculated from Eq. (258)
bilities of the NMFTI sector constrained
(£ billion)
OTEeqQLprs Revaluations of equity lia- Model- 4.948 Calculated from Eq. (122)
bilities of the power sector constrained
(£ billion)
OTggnrow Revaluations of equity as- Model- 114 Calculated from Eq. (420)
sets of the RoW sector (£ constrained
billion)
OTigacvr Revaluations of interest Model- -3.454 Calculated from Eq. (315)
bearing assets of the GVT constrained
sector (£ billion)
OTiBAHH Revaluations of interest Model- -1.288 Calculated from Eq. (377)
bearing assets of the HH constrained
sector (£ billion)
OTripanrc Revaluations of interest Model- -0.5874 Calculated from Eq. (196)
bearing assets of the NFC constrained
sector (£ billion)
OTrganmrr Revaluations of interest Model- -149.3 Calculated from Eq. (255)
bearing assets of the NMFI  constrained

sector (£ billion)
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Symbol Description Variable Initial Source/remarks
category value

OTiBAPS Revaluations of interest Model- -0.01658 Calculated from Eq. (120)
bearing assets of the power constrained
sector (£ billion)

OTrgarow  Revaluations of interest Model- 71.83 Calculated from Eq. (419)
bearing assets of the RoW constrained
sector (£ billion)

OTripracvr  Revaluations of interest Model- 7.012 Calculated from Eq. (316)
bearing liabilities of the constrained
GVT sector (£ billion)

OTiBrLEHH Revaluations of interest Model- -0.567 Calculated from Eq. (381)
bearing liabilities of the constrained
HH sector (£ billion)

OTigrnrc  Revaluations of interest Model- 34.72 Calculated from Eq. (199)
bearing liabilities of the constrained
NFC sector (£ billion)

OTigrnymrr Revaluations of interest Model- -63.68 Calculated from Eq. (256)
bearing liabilities of the constrained
NMFT sector (£ billion)

OTrsLps Revaluations of interest Model- 0.9797 Calculated from Eq. (123)
bearing liabilities of the constrained
power sector (£ billion)

OTins Revaluations of insurance Model- 244.8 Calculated from Eq. (380)
assets of the HH sector (£ constrained
billion)

OTpEns Revaluations of pension as- Model- 37.02 Calculated from Eq. (379)
sets of the HH sector (£ bil-  constrained
lion)

OTgresavr Revaluations of residual fi- Model- -34.38 Calculated from Eq. (326)
nancial instrument of the constrained
GVT sector (£ billion)

OTRrESHH Revaluations of residual fi- Model- -286.8 Calculated from Eq. (385)
nancial instrument of the constrained
HH sector (£ billion)

OTresnrce Revaluations of residual i- Model- -38.31 Calculated from Eq. (209)
nancial instrument of the constrained
NFC sector (£ billion)

OTresnmrr Revaluations of residual fi- Model- 371.4 Calculated from Eq. (269)
nancial instrument of the constrained
NMFT sector (£ billion)

OTgrESsPS Revaluations of residual fi- Model- 6.692 Calculated from Eq. (133)
nancial instrument of the constrained

power sector (£ billion)
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Symbol Description Variable Initial Source/remarks

category value

OTrEsrow  Revaluations of residual fi- Model- -0.8433 Calculated from Eq. (425)

nancial instrument of the constrained
RoW sector (£ billion)

P GDP price deflator in- Model- 1.039 Calculated from Eq. (33)

dexed at Q4 2022 constrained

Pp Price of direct fossil energy  Free 0.09337 Calculated by dividing to-

(£billion/TwH) tal direct fossil energy
costs from DUKES table
1.1.6 by direct fossil energy
consumption

Ppr Direct fossil energy price Model- 0.09374 Calculated from Eq. (69)

including energy taxes (£ constrained
billion)

Pg Export prices Free 1.035 Taken from the ONS UK
economic accounts 2024
and normalised around the
initial condition

Perec Price of electricity Model- 0.3198 Calculated by dividing im-

(£billion/TwH) constrained plied prices to households
and production and taking
the average

Perecrr Long run electricity price Model- 0.3198 Set equal to initial electric-

(£bn / TwH) constrained ity price
Prrs ETS Price £ bn/MtCO2e Free 0.006662 Based on initial govern-
adjusted for 2024 pricing ment income from the ETS
scheme in 2022

Pr Global Price index Free 1 Taken from world bank
data

PryuEer Price of fuel inputs to the Model- 1 Calculated from Eq. (156)

power sector constrained

Pgas Wholesale gas price in the Free 0.06182 From OBR estimates 2024

UK
Py House prices (£ billion per Free 290.3 Taken as the average house
million houses) price from the UK house
price index

Py Import prices Free 1.038 Taken from the ONS UK
economic accounts 2024
and normalised around the
initial condition

Porr, Wholesale oil price in the Free 0.05404 From OBR estimates 2024

UK

Pp Production sector price Model- 1.035 Calculated

level constrained
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category value

PENS Total pension scheme stock  Free 2594 Taken from the ONS UK
- asset of households and a blue book accounts 2023
liability of the NMFI sector - converted to quarterly
(£ billion) data using cubic spline in-

terpolation

PENSsp; Adjustment to pension Model- 21.44 Calculated from Eq. (246)
entitlements as defined constrained
within the SNA (£ bn)

PENSR Income payable on pension Free 21.39 Taken from the ONS UK
entitlements economic accounts 2024

PENSTR  Total pension scheme stock Free 21.44 Taken from the ONS UK
net transfers - asset of blue book accounts 2023
households and a liability - converted to quarterly
of the NMFT sector (£ bil- data using cubic spline in-
lion) terpolation

POP Total 16+ population (mil- Free 54.55 Taken from OBR data
lions)

TBOE Bank of England annual Free 0.0225 From Bank of England
base rate data

TBOEQ Quarterly Bank of England Model- 0.005578 Calculated from Eq. (428)
interest rate constrained

TIBAGVT rate of return on GVT in- Model- 0.006466 Calculated from Eq. (288)
terest bearing assets constrained

riagvrLr Long run interest bearing Model- 0.007632 Calculated from Eq. (436)
asset interest rates for the constrained
GVT sector

TIBAHH rate of return on HH inter- Model- 0.002509 Calculated from Eq. (339)
est bearing assets constrained

TIBAHHLR Long run interest bearing Model- 0.002509 Calculated from Eq. (438)
asset interest rates for the constrained
household sector

TIBANFC rate of return on NFC in- Model- 0.003204 Calculated from Eq. (174)
terest bearing assets constrained

riBaNrFcLr Long run interest bearing Model- 0.003204 Calculated from Eq. (430)
asset interest rates for the constrained
NFC sector

rianMrl  rate of return on NFC in- Model- 0.004994 Calculated from Eq. (238)
terest bearing assets constrained

rIBANMFILR Long run interest bearing Model- 0.004289 Calculated from Eq. (434)
asset interest rates for the constrained
NMFTI sector

TIBAPS rate of return on PS inter- Model- 0.003204 Calculated from Eq. (95)
est bearing assets constrained
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TIBAPSLR Long run interest bearing Model- 0.003204 Calculated from Eq. (432)
asset interest rates for the constrained
Power sector

TIBLGVT rate of return on GVT in- Model- 0.01345 Calculated from Eq. (289)
terest bearing liabilities constrained

TIBLHH rate of return on HH inter- Model- 0.007475 Calculated from Eq. (340)
est bearing liabilities constrained

TIBLNFC rate of return on NFC in- Model- 0.006253 Calculated from Eq. (175)
terest bearing liabilities constrained

TIBLNMFI rate of return on NMFI in- Model- 0.005697 Calculated from Eq. (239)
terest bearing liabilities constrained

TIBLPS rate of return on PS inter- Model- 0.006253 Calculated from Eq. (96)
est bearing liabilities constrained

TIBN RoW rate of return on RoW in- Model- -0.01033 Calculated from Eq.
terest bearing assets constrained (INTRRow)

TIBNRowLR Long run net interest bear- Model- 0.01436 Calculated from Eq.
ing asset interest rates for constrained (rIBAROWLR)
the RoW sector

re Rate of employment Free 0.9627 Taken from the ONS

labour market survey 2023

REFER Real effective exchange Model- 1.035 Calculated from Eq. (410)
rate constrained

RESqavT Residual financial instru- Model- 197.9 Calculated from Eq. (327)
ment of the GVT sector (£ constrained
billion)

RESHH Residual financial instru- Model- -319.2 Calculated from Eq. (386)
ment of the H sector (£ bil-  constrained
lion)

RESyFI Residual financial instru- Model- -69.54 Calculated from Eq. (234)
ment of the MFI sector (£ constrained
billion)

RESNFC Residual financial instru- Model- -265.3 Calculated from Eq. (210)
ment of the NFC sector (£ constrained
billion)

RESNyEr  Residual financial instru- Model- 262.7 Calculated from Eq. (270)
ment of the NMFI sector constrained
(£ billion)

RESps Residual financial instru- Model- -7.486 Calculated from Eq. (134)
ment of the power sector (£ constrained
billion)

RESgow Residual financial instru- Model- 200.9 Calculated from Eq. (426)
ment of the RoW sector (£ constrained

billion)
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RESTRayT Residual financial instru- Model- 33.6 Calculated from Eq. (310)
ment transfer of the GVT constrained
sector (£ billion)

RESTRpr Residual financial instru- Model- -0.5674 Calculated from Eq. (367)
ment transfer of the HH constrained
sector (£ billion)

RESTR) rr residual financial instru- Model- -6.416 Calculated from Eq. (230)
ment transfers of the MFI constrained
sector (£ billion)

RESTRNEc Residual financial instru- Model- -28.23 Calculated from Eq. (194)
ment transfer of the NFC constrained
sector (£ billion)

RESTRyyrrResidual financial instru- Model- -2.405 Calculated from Eq. (253)
ment transfer of the NMFI  constrained
sector (£ billion)

RESTRps Residual financial instru- Model- -8.569 Calculated from Eq. (118)
ment transfer of the PS constrained
sector (£ billion)

RESTRgiow Residual financial instru- Model- 12.58 Calculated from Eq.
ment transfer of the RoW constrained (IBATRRow)
sector (£ billion)

RoWpp Real RoW Demand Free 22.27 Taken from global output

data

RPNFC Retained profits of the Model- 113.4 Calculated from Eq. (100)
NFC sector (£ billion) constrained

RPpgs Retained profits of the Model- -5.217 Calculated from Eq. (100)
power sector (£ billion) constrained

ru Rate of unemployment Model- 0.03725 Calculated from Eq. (46)

constrained

SAVeH Household savings (£ bil- Model- -27.88 Calculated from Eq. (351)
lion) constrained

SOCB Total social benefits re- Model- 103.5 Calculated from Eq. (344)
ceived by the Household constrained
sector (£ billion)

SOCBgyr  Social benefits paid by the Free 82.8 Taken from the ONS UK
Government sector (£ bil- economic accounts 2024
lion)

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

socc Total social contributions Model- 97.5 Calculated from Eq. (343)
paid by the Household sec- constrained

tor (£ billion)
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SOCCqayr  Social contributions re- Free 55.38 Taken from the ONS UK
ceived by the Government economic accounts 2024
sector (£ billion)
SOCCpNmrEr Social  contributions re- Free 42.13 Taken from the ONS UK
ceived by the NMFT sector economic accounts 2024
(£ billion)
SOCCRgyT Social contribution rate on  Model- 0.152 Calculated from Eq. (290)
government social contri- constrained
butions
SPENDgyr Total Government spend- Model- 161.6 Calculated from Eq. (297)
ing (excl. wages) constrained
U Rate of capital capacity Free 0.815 Based on data from the di-
utilisation rectorate General for Eco-
nomic and Financial Af-
fairs - 2021 and 2022 ex-
trapolated
UFF Utilisation of fossil based Model- 0.3083 Calculated from Eq. (102)
electricity capital constrained
UNFF Utilisation of non-fossil Model- 1 Calculated from Eq. (103)
based electricity capital constrained
ups Utilisation of ovewrall elec- Model- 0.5255 Calculated from Eq. (104)
tricity capital constrained
ucC Unit costs of the produc- Model- 0.8924 Calculated from Eq. (55)
tion module constrained
w Total wages including Free 364.3 Taken from the ONS UK
mixed income (£ billion) economic accounts 2024
Wprr Total private wages (£ bil- Model- 302.8 Calculated from Eq. (64)
lion) constrained
Wpun Total public wages (£ bil- Free 61.49 Taken from the ONS UK
lion) blue book accounts 2023
- converted to quarterly
data using cubic spline in-
terpolation
Wg Wage share of GDP Model- 0.6233 Calculated from Eq. (58)
constrained
WR Overall wage rate (£ thou- Model- 11.1 Calculated from Eq. (59)
sands) constrained
WRpRr Private sector wage rate (£ Model- 11.21 Calculated from Eq. (62)
thousands) constrained
WRpyB Public sector wage rate (£ Model- 10.6 Calculated from Eq. (63)
thousands) constrained
YDgyr Government disposable in- Model- 107.9 Calculated from Eq. (271)
come (£ billion) constrained
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YDyy Household disposable in- Model- 312.8 Calculated from Eq. (342)
come (£ billion) constrained

Y Dnrc NFC disposable income (£ Model- 133.4 Calculated from Eq. (176)
billion) constrained

YDNuMFT NMFI disposable income Model- 9.106 Calculated from Eq. (237)
(£ billion) constrained

Y Dpg Disposable income of the Model- -4.651 Calculated from Eq. (97)
power sector (£ billion) constrained

Y Pypy Household income from Model- 386.7 Calculated from Eq. (338)
production (£ billion) constrained

Y Pnrc NFC income from produc- Model- 152.6 Calculated from Eq. (173)
tion (£ billion) constrained

Y Prow RoW income from produc- Model- -8.568 Calculated from Eq. (397)
tion (£ billion) constrained

OFUELPS Technical coefficient for Model- 0.1301 Calculated from Eq. (166)
the power sector interme- constrained
diate consumption of fuel
products

QOPPS Technical coefficient for Model- 0.07051 Calculated from Eq. (167)
the power sector interme- constrained
diate consumption of other
production products

app Technical coefficient for in- Model- 0.2798 Calculated from Eq. (161)
ternal intermediate con- constrained
sumption of the production
sector (real terms)

apps Technical coefficient for Model- 0.2006 Calculated from Eq. (157)
the power sector interme- constrained
diate consumption of pro-
duction products

apsp Technical coefficient for Model- 0.03955 Calculated from Eq. (153)
the production sector in- constrained
termediate consumption of
the power products

apsps Technical coefficient for in- Model- 0.4474 Calculated from Eq. (164)
ternal intermediate con- constrained
sumption of the power sec-
tor

BacrFHH Estimate of initial propor- Free 0.14 Estimate based on ONS

tion of home improvement
spending on energy effi-
ciency

data and to generate the
baseline scenario
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Bgut Proportion of government Model- 0.04132 Calculated from Eq. (299)
green investment constrained

B fe Proportion of NFC green Model- 0.04132 Calculated from Eq. (183)
investment constrained

BNFF Share of non-fossil electric- Model- 0.5976 Calculated from Eq. (85)
ity in total electricity pro- constrained
duction

Orp Depreciation rate of Pro- Free 0.02149 Calculated from the ONS
duction sector capital capital stock tables 2023

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

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

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

A Labour productivity rate - Model- 17.14 Calculated using Eq. (39)
GDP per employee constrained

7 Mark up over unit costs Model- 0.1704 Calculated from Eq. (54),
for the domestic produc- constrained floored at 0.001 for log sta-
tion module bility

v Capital productivity rate ~ Model- 0.2101 Calculated from Eq. (40)

constrained

wp Emission intensity of direct Model- 0.2944 Calculated from Eq. (16)
fossil energy consumption constrained
(MtCO2e/TwH)

WELEC Emission intensity of fossil Model- 0.5098 Calculated from Eq. (17)
fuel electric energy produc- constrained
tion (MtCO2e/TwH)

Op Share of electric energy for Model- 0.171 Calculated from Eq. (10)
production in total energy constrained

for production (TwH)
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