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Summary

This working paper presents a full description of a 2-region post-Keynesian
stock-flow consistent (SFC) model. The Post-growth And Development
Macroeconomic (PADME) model is a conceptual representation of two
linked economies that are each made up of seven sectors. The two regions
are linked together through international trade and financial flows. The
theoretical framework underpinning the model is that of ecological
economics. Specifically, the economies of both regions are dependent on the
consumption of natural resources.

In addition to the open nature of the PADME economies, the model contains
several original features. The most relevant are cost-induced endogenous
technological change, an investment function partially dependent on
profits, a novel approach to determining household consumption, and a
clear separation between technological development and input substitution.
Thanks to these features, PADME is able to simulate the impacts on both
economies of a cap-and-trade scheme on domestic resource consumption
and resources embedded in imports in one region. This is an important
novelty as it expands the role that prices and supply-side polices play in SFC
models.

After introducing the model, we conclude the working paper by describing
other international macroeconomic policies that can be simulated in
PADME and that, to the best of our knowledge, have not been simulated in
the SFC literature yet. Specifically, we show how to model a financial
transfer and a technology transfer from one region to the other.

1 Introduction

Recent calls have been made to develop more post-growth scenarios (Hickel
et al., 2021; Slamersak et al., 2024; Victor and Jackson, 2020). In particular,
Grabner-Radkowitsch and Strunk (2023) point to a lack of modelling works
that study the international economics consequences of a post-growth
transition in a North-South context. We answer this call by developing the
Post-growth And Development Macroeconomic (PADME) model, a stock-
flow consistent macroeconomic model inspired by the work of Godley and
Lavoie (2007) and based on the principles of ecological macroeconomics
(Victor and Jackson, 2020) and post-Keynesian economics (Lavoie, 2022).

The intention behind the development of PADME was to simulate a post-
growth transition in one region — called ‘North’ — while the other region —
called ‘South’ — keeps developing (Leoni et al., 2023). Though the model
can be used for many other research questions, many of the modelling



choices that have been made throughout the development of the model flow
from the aim of simulating the global impacts of a postgrowth transition in
the North.

This working paper describes in detail all the equations of the PADME model
and the formulation in the model of some key, macroeconomic policies.
Section 2 provides a general overview of the model. Section 3 explains the
household and government sectors, which represent the biggest share of
consumption in the model. Section 4 covers the production sectors and
explains in detail the functioning of endogenous technological change in
PADME. Section 5 describes the financial sectors, that is the banking sector
and the central bank. Section 6 concludes the description of the model by
outlining the structure of the labour market, the R&D module and other
international components. Finally, the last two sections introduce three
policies that can be modelled in PADME. Section 7 explains how a cap-and-
trade scheme on produced and imported resources can be simulated. Section
8 describes two international cooperative policies, namely a financial
transfer and a technology transfer. In conclusion, Section 9 points towards
future simulations using the PADME model.

2 Model overview

This section presents a general description of the PADME model, a
conceptual 2-region endogenous growth model.

Following standard post-Keynesian theory, aggregate demand is the driver
of growth in the economy. In particular, we have used the approach
developed in Jackson and Jackson (2021) to make the growth rate of the
economy partially dependant on the growth in labour productivity. Growth
is also dependent on the growth in government consumption. In the steady
state, the growth rate of labour productivity and government spending must
be equal. If government consumption growth was smaller than labour
productivity growth, the public debt-to-GDP ratio would permanently
decrease as the share of government expenditure on GDP would shrink while
tax income would steadily grow. If government consumption growth was
constantly higher than labour productivity growth, the supply of labour
would need to steadily increase as GDP would grow faster than labour
productivity.

The PADME model has two partially autonomous regions linked together by
international trade and capital flows. The two regions are called ‘North’ and
‘South’ respectively to highlight the fact that the model has been originally
developed to investigate macroeconomic dynamics between global North
and global South. Throughout the working paper, we adopt the convention



that the terms ‘global North’ and ‘global South’ refer to the two real-world
regions, whereas ‘North’ and ‘South’ refer to the abstract regions of the
PADME model.

The PADME model has been built in line with the ecological economic
framework, thus the economy is embedded in the environment (Daly and
Farley, 2011). Figure 1 gives a schematic representation of the general
structure of the model, where the economies of both North and South are
ultimately dependent on resources for production. Given the conceptual
nature of the model, ‘resources’ in PADME are a composite entity taken to
represent the material needs of the economy, including both abiotic and
biotic resources.
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Figure 1: overview of the structure of the PADME model.

The economy-environment interaction is kept to a minimum and is only
constituted by the extraction of resources by a production sector which we
call the resource sector. This choice stems from our desire to focus on
macroeconomic dynamics. The way in which the environment is modelled
in PADME allows us to maintain resources as the ultimate necessary input
for the economy while abstracting from the complexity of developing a
sophisticated environmental module.

The remaining part of this section is organised as follows. Subsection 2.1
describes the economic features of the PADME model. Subsection 2.2
illustrates the nomenclature used in the description of the model and
explains the logic followed for its calibration. Subsection 2.3 gives a general
outline of how to interpret the transaction-flow and balance sheet matrices.



Subsection 2.4 briefly highlights how the PADME model can be transformed
in a closed-economy model.

2.1 A non-mathematical description of PADME

Regarding the economic side of the PADME model, the two regions have the
same economic structure. The type and number of sectors and the equations
governing them are the same. As the two regions are identical, the
description covers only one of them. Each region is composed of seven
sectors: the household sector, the government sector, the traded sector, the
non-traded sector, the resource sector, the banking sector and the central
bank. The economic and financial relationships among these sectors are
numerous and complicated. To make the presentation of the model more
straightforward, the description firstly covers the sectors that can be
associated with the real-economy side of the model and then introduces
those that play a role in its financial side.

Figure 2 presents a schematic depiction of the real economy, which includes
consumption, production, trade and the associated income flows.

The production side is constituted by three sectors : the traded sector, the
non-traded sector and the resource sector. The resource sector is very
simple. It extracts resources and sell them to the traded sector. It does not
employ workers, but it purchases capital from the traded sector. The latter
is the only one that exports goods to the other area. It also produces capital
for the other firms’ sectors. Splitting the production sector between a traded
and non-traded sector stems from the literature on post-growth, which
highlights the importance of transitioning from manufacturing to service
sectors to reduce the environmental footprint of the economy and address
some of the imbalances that might arise in a post-growth economy (Jackson,
2017). Conventionally, services are less open to trade than manufacturing
(Mano and Castillo, 2015), thus they are proxied by the non-traded sector in
the PADME model. Furthermore, services are usually labour-intensive and
energy-light (Hardt et al., 2021). Though this is a simplification', these
stylised facts are replicated in this model.

Concerning their production requirements, both the traded and non-traded
sectors need capital, labour and intermediate inputs to produce their output.
However, only the traded sector needs resources, while the non-traded
sector uses intermediate goods produced by the traded sector of the two
regions. In other words, the traded sector is more resource intensive.

1 For instance, sectors such as construction are resource-intensive and labour-intensive but also
rarely open to trade. Conversely, there are sectors such as IT services that are resource-light and
labour-light and also prone to trade (Hardt et al., 2021; Mano and Castillo, 2015).



Moreover, the labour requirements of the non-traded sector are higher than
those of the traded sector, thus making it more labour intensive. A detailed
understanding of the differences between these two sectors will be provided
in Section 4.

The investment decision of the three sectors is in line with that of other
stock-flow consistent models (Godley and Lavoie, 2007; Jackson and
Jackson, 2021; Jackson and Victor, 2020). Specifically, firms have a target
level of capital that is dependent on desired or expected sales. Their
investment decision is aimed at reaching that capital target. The only
difference in PADME to this conventional investment function is that
desired sales are partially dependent on expected profits. This modification
makes investment more volatile than consumption, thus reproducing a
famous stylised fact (Abel and Bernanke, 2001). Part of investment is funded
through an exogenous share of retained profits while the rest is financed by
borrowing from the banking sector. Moreover, an exogenous share of gross
profits is spent in R&D activities. Lastly, remaining profits are distributed
to the capitalist class.

R&D activities are an important component of the PADME model as they
are needed to generate technological innovation. In this context, technology
refers to the level of efficiency in the use of productive inputs such as
resources, labour and intermediate goods. The modelling of technological
change in the PADME model has been based on Naqvi and Stockhammer
(2018)and, more generally, on a simplified version of the cost-induced
technological change theory (Acemoglu, 2002). Specifically, technological
change depends on the levels of research and development (R&D) funding
allocated to different input-saving technologies, which in turn partly
depend on the relative prices of inputs. R&D is financed both by the firms’
sector and the government, while households supply the labour input
required to carry out the research activities. Endogenous technological
change has been added to the PADME model to properly simulate the
macroeconomic impact of a cap on resources. This point is further expanded
in Section 7.

The household and government sectors account for most of the
consumption of goods and services in the PADME model. The former is
divided between two classes: ‘workers’ receive income in the form of wages,
while ‘capitalists’ are the recipient of capital income. Splitting the
household sector into two classes allows us to further examine issues of
inequality, which are very prominent in the post-growth literature (Cosme
et al., 2017). Households use the majority of their after-tax income to
purchase goods produced by the domestic traded sector, the foreign traded
sector and the domestic non-traded sector. The allocation of their nominal
income to the different goods is determined by relative prices. For instance,



if the price of one good increases, the real consumption of that good
decreases relative to the others. Section 3 provides a more detailed
description of the consumption decision. The share of disposable income
that is not consumed is saved. More specifically, workers spend all their
income in consumption while capitalists divide their income between
consumption and savings.
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Figure 2: main monetary flows associated with production and consumption in one
region. The direction of the arrows indicates the direction of the income flow. For
instance, the traded sector purchases resources from and sells capital to the resource
sector.

The government sector receives income through the collection of taxes on
wages, profits and imports. Government consumption is specified in line
with that of households, i.e. it is partially dependant on relative prices. The
government also devotes an exogenous share of its revenue to financing
R&D activities. Lastly, it provides unemployment insurance to unemployed
workers. Unemployment insurance is introduced to have a simplified proxy
for the welfare state. Adding this proxy allows us to explore how the welfare
state is impacted by a post-growth context, another central topic in the
post-growth literature (Corlet Walker et al., 2021). When expenditure is
higher than the income collected through taxes, the government issues
bonds to cover its deficit.

Regarding the financial side of the model, it is first worth mentioning that
every sector has a financial side. However, we refer here to those sectors that



are primarily involved in lending, selling and purchasing financial assets and
determining the interest rates on those assets. These sectors are the banking
sector and the central bank.

Figure 3 shows a graphical illustration of this part of the model. As can be
seen, the banking sector is at the centre of the financial network. On its
liability side, it has its equity and the savings of the household sector held
in the form of deposits. On its asset side, it has four different financial
assets: domestic government bonds, foreign government bonds, central
bank reserves and loans to firms. Government bonds are the only type of
asset that is traded internationally. Following the endogenous money
theory, commercial banks do not need households’ deposits in order to lend
to the other sectors (Fontana and Setterfield, 2009). However, they need to
keep a certain level of reserves in order to guarantee their ability to meet
their liquidity requirements. Banks then decide how to allocate credit to the
government and firm sectors. The way this decision is made will be
explained in Section 5. The Central Bank provides reserves to the banking
sector in exchange for government bonds.
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Figure 3: financial assets and related sectors in the North. The arrows represent the
interest flows from debtor to creditor. The balance sheet of the Southern sectors is
simplified to include only the variables of interest from the Northern point of view.

The interest rates on the different assets are endogenous. The only interest
rate that is set by the central bank is the rate on reserves, the so-called policy
rate. This base rate feeds into the determination of all the other interest



rates in the economy. Indeed, the interest rate on government bonds is
specified as an exogenous mark-up over the policy rate. Moreover, the
banking sector sets an exogenous, fixed mark-up over the policy rate to
determine the interest rate that it pays on deposits. Lastly, banks charge a
different interest rate on loans to the traded and non-traded sectors based
on their level of creditworthiness. Again, this interest rate is computed as
an endogenous mark-up over the policy rate.

Having defined the general structure of the PADME model, we now describe
its calibration and outline the nomenclature that will be used throughout
the working paper to refer to the different variables and sectors of the model.

2.2 Calibration and nomenclature

The calibration of the parameters of the PADME model follows a theoretical
approach. As the number of parameters is high, the values of these
parameters are not included in the main body of the working paper.
However, a full list of the variables and related values can be found in
Appendix A, Section A.1 and Section A.2 respectively. In this subsection, we
describe the general rationale adopted to calibrate the model.

The process through which the parameter values of the PADME model have
been selected follows several steps. First of all, as this is a theoretical model
with two identical regions, the value of each parameter is the same in both
regions. Secondly, where possible, the values have been selected in
accordance with empirical evidence, which was mainly obtained from
developed countries’ data as this is more easily available. Selecting in
accordance with empirical evidence means calibrating the parameters in
such a way that their value is approximately close to their real values. It is
more a matter of sensible calibration rather than empirical estimation.
However, there might have been parameters which values cannot be found
in the empirical literature. In that case, values are chosen either by relying
on standard values found in the SFC literature or by considering their impact
on the stability of the model. An instance of this approach can be found in
the way adjustment parameters have been calibrated. Indeed, they all have
avalue between 0.1 and 0.2. This is in line with the SFC literature (Dafermos
etal.,2017; Godley and Lavoie, 2007), but it is also convenient as it generates
more stable results. Overall, it is important to bear in mind that the PADME
model does not try to reproduce a specific economy and remains theoretical
in nature.

Concerning the nomenclature, the PADME model has many variables which
are highly interconnected, thus presenting its equations can become
confusing. The nomenclature outlined here is an attempt to simplify the



exposition by providing few rules of thumb which are used for labelling the
variables. A full list of all the variables and related notations can be found in
Appendix A, Section A.1.

Firstly, following the standard nomenclature in SFC modelling (Godley and
Lavoie, 2007), all nominal variables are in uppercase, while real variables are
in lowercase. Secondly, subscripts and superscripts that refers to sectors or
to the two areas are in capital letters, whereas those that refer to all the other
variables are in lowercase. Table 1 shows a summary of the main labels used
for subscripts and superscripts.

When a variable has the subscript of a sector, it means that that variable
belongs to that sector. The term ‘belonging’ might be a little ambiguous, but
in general this means that the specific variable (whether it refers to a flow of
income, an asset or a technical parameter) is being used in that specific
sector. However, there might be cases where other labels are needed to
better qualify the variable. Usually, these labels will be put as superscript.

One instance can clarify the point. The intermediate goods consumed by the
non-traded sector in the North are purchased both from the domestic and
foreign traded sector. Thus, to refer to the former we use the following
notation: icJ, i.e., intermediate consumption ic of the non-traded sector D
produced by the traded sector T. For the latter, the notation will be ic}}}, i.e.,
intermediate consumption ic of the non-traded sector D coming from
imports m.

One exception to this rule concerns the notation for internationally traded
bonds. For instance, Southern (S) government bonds (B) demanded (d) by
the banking sector (subscript B) in the North (N) will be defined as B34,
namely, the subscript also includes the region of the sector that is
purchasing the asset while the superscript defines the area of origin of the
asset and whether the variable refers to its demand or supply. In any case, if
a variable has many labels, we will explicitly define what the labels mean in
the text in order to clarify the notation.

Lastly, the symbol A represent a first difference, while one-period lagged
variables will be represented with the subscript —1, such as x_;. Accented
letters such as X refers to target variables, while variables with a dotted
accent, for instance X, refers to a growth rate.



Subscripts and superscripts

Sectors

Household H Banking B

Traded sector T Government G

Non-traded sector D Central Bank CB

Resource sector R

Regions

North N South S

Other variables and labels

Imports m Labour h

Exports X Firms f

Wages W Reserves (high-powered hh
money)

Capital income c Demand for an asset d

Intermediate
goods

Resources

Supply of an asset

Table 1



2.3 The transaction-flow and balance sheet matrices

A typical feature of the SFC literature is to visually represent the accounting
relationships among the different sectors of the model using two matrices:
a transaction-flow matrix, which shows the direction of the different income
flows in the model, and a balance sheet matrix, which represents the
distribution of assets and liabilities among the different sectors.

Appendix B.1 shows the transaction-flow matrix for the PADME model. A
few notes can help in interpreting the matrix. The positive and negative
signs represent the source and use of funds, respectively. For instance,
consumption is a use of funds for the household sector and a source of funds
for the firm sectors. The matrix is split into two sections. The first part
concerns the movements of income and expenditure flows, while the second
part (the one starting below ‘changes in stock’ in the matrix) illustrate the
changes in financial positions. The connection between the two parts is
straightforward. All the income that is not spent by a sector (first part) must
result in a change in that sector’s financial position in the form of an
increase in its assets (second part). Conversely, a sector that spends more
than it earns must borrow, thus its surplus decreases (or its deficit increases)
vis-a-vis the rest of the economy. This change in assets is represented with
the symbol A. Lastly, for the model to be stock-flow consistent, all rows and
columns must sum to zero.

Appendix B.2 shows the balance sheet matrix. Again, a few notes are
important to shed light on what this matrix represents. The positive sign
means that the variable is an asset, while the negative sign represents a
liability. Each financial asset held by a sector is a corresponding liability for
another sector. Thus, for the financial assets all rows and columns of the
matrix should sum to zero. However, real assets like capital do not have a
corresponding liability, therefore a model in which the economy produces
capital will have a positive net worth equal to the value of the capital stock.

A simple way to interpret the interaction between these two matrices is to
look at them in a dynamic state. At the beginning of each period, the balance
sheet matrix gives a sense of the distribution of assets and liabilities within
the economy. During each period, income and expenditure flow from one
sector to another according to the transaction-flow matrix. The resulting net
lending/borrowing positions of the different sectors generated by these
flows reflect the new distribution of assets and liabilities at the end of the
period. Hence, a new balance sheet matrix will be obtained which will serve
as the starting point for a new period.



2.4 Closed-economy PADME model

This last subsection briefly illustrates how it is possible to obtain a closed-
economy version of PADME. Basically, given that the economic structure of
the two regions is identical, removing one region and all the equations
related to the international dimension of the economy is sufficient to obtain
a closed-economy PADME model.

In practical terms, this means that the household and government sectors
do not consume imports. The traded sector is renamed ‘manufacturing’
sector and does not export its good nor imports intermediate goods.
Similarly, the non-traded sector is renamed ‘service’ sector and only
consumes goods from the manufacturing sector. Import productivity is thus
removed from the model. Banks do not purchase international bonds, hence
they manage three (instead of four) assets. Lastly, the entire part of the
model devoted to trade and exchange rates (Sectio 6, Subsection 6.3) can be
overlooked. If these changes are kept in mind, the reader can rely on the
description of the 2-region PADME model to understand the core dynamics
of the closed-economy PADME model.

3 Consumption sectors

This section focuses on the sectors that constitute the largest part of the
consumption side, namely the household and government sectors. As the
two regions are identical, there is no need to describe the equations of both.
From now on, we present only the equations of the North. When variables
belonging to the South appear, they will be defined by the superscript S.

3.1 Household sector

In the PADME model, households are divided into two groups: workers and
capitalists. The first group provides labour to the productive sectors and to
R&D activities in exchange for wages. Moreover, unemployed workers
receive unemployment benefits from the government. In line with many
post-Keynesian models and the empirical evidence (Lavoie, 2022), workers
have higher propensity to consume than capitalists. Here, we follow the
traditional Kaleckian assumption (Hein, 2018; Kalecki, 1965; Rosenbaum,
2015) that wage earners spend all their income and make no savings.
Conversely, the capitalist group receives profits from the banking and firm
sectors and interest payments on deposits. Capitalists divide their income
between consumption and savings, though they can invest their savings
only in deposits which pay a minimum interest rate. Adding a more



sophisticated portfolio approach as in traditional SFC models is possible but
does not significantly improve the results of the model.

We now present the equations of this sector. Firstly, we introduce how
households’ income is determined, then we describe the consumption
function and we discuss how savings are obtained. The supply of labour will
be outlined in Section 6. As indicated above, households’ nominal
disposable income is divided between income from wages YD,, and from
capital YD,:

YD, = (NW +U) * (1 — t,,) + Gys (1)
YD, = (F] +F§ +iq_ Dy )+ (1—t.) (2)

Where NW is the wage bill, U is the income received for R&D activities, G,¢
is the unemployment insurance paid by the government, F,f and FE are
distributed profits from the firm® and banking sectors and i;_ Dy_, is
interest payments on deposits. t,, and t. are the exogenous tax rates on
wages and capital income.

Once disposable income is specified, consumption can be determined as:
CONSy = 6,YD,, + 6,YD, + 6,V_, 3)

Where V_; is nominal wealth in the previous period. 6,,60,,6, are
consumption coefficients and their values are attributed respecting this
simple rule: 8, > 6; > 6,. In other words, the propensity to consume out of
income of the capitalists is lower than that of workers, while the propensity
to consume out of wealth is the lowest of the three. While 6, and 6, are
exogenous, 0, is endogenous and dependant on the change in the interest
rate on deposits:

01 = 0;_, —Vvolig 4

Vv, is the exogenous sensitivity of the propensity to consume of capitalists to
the interest rate on deposits. As discussed in Appendix A - Section A.2, in
the PADME model this sensitivity is assumed to be low in line with empirical
evidence (Agarwal et al., 2021).

The choice of including the interest rate in the determination of 6; stems
from the desire to make changes in the interest rate more impactful for the
economy. In particular, we want to test whether the Taylor-like rule
followed by the central bank would be appropriate in a post-growth context
(the central bank behaviour is explained in Subsection 5.2). Generally,
higher interest rates in SFC models can have a small effect on the economy
or even lead to the surprising effect of boosting the economy (see (Godley

2 F/ = FJ + F2 + FE. The profits of each specific sector will be presented in Section 4.



and Lavoie, 2007)). The modification in equation 4 is one of the few
introduced in the PADME model to make interest rates more relevant for our
analysis.

The interest rate on deposits has been chosen as the interest rate of
reference for capitalists because they can only invest their savings in
deposits. This will be shown later in this subsection. Overall, empirical
works show mixed evidence on whether and how interest rates affect
households’ consumption and saving (Agarwal et al., 2020). This ambiguity
might be due to the heterogeneity of households. Agarwal et al. (2021) show
that interest-sensitive households react quite strongly to changes in interest
rates. In the PADME model, capitalists are the only type of household that
is affected by changes in interest rates, thus only their propensity to
consume is endogenised.

Once aggregate nominal consumption is determined (equation 3),
households need to choose how to allocate nominal consumption to the
three different goods that they can purchase, namely non-traded goods
CONSP, domestically produced traded goods CONSY and imports CONSI*:

CONSP = ay * CONSy (5)
CONSE = (1 — ay) * By * CONSy (6)
CONS™ = CONSy — CONS} — CONSP @)

Where ay and By are the parameters that determine the share of nominal
consumption for the non-traded CONS? and traded goods CONS};. Equation
7 means that the consumption of imported goods CONS}}* is computed as a
residual, ensuring that CONS2 + CONS} + CONSI' = CONSy,.

Real consumption consy is:
consy = consh + cons} + const (8)

Where real consumption for each good is determined as:

CONSP
consP = H 9
Pp
CONST
consh = H (10)
br
CONST
consft = i (11)
Pm

And pp,pr,pm are the price of non-traded, traded and imported goods
respectively. In other words, households choose a fixed proportion of
nominal income to allocate to the different goods, then real quantities of



each good are determined based on their actual price. This formulation of
the consumption function might seem odd as real consumption in SFC
models is generally determined using equation 3. Namely, households
decide their real consumption and then nominal consumption is determined
by multiplying real consumption times prices. The rationale for adopting a
consumption function that starts from nominal values stems from the desire
of simulating the introduction of a cap on resources. This formulation of
consumption is necessary for allowing the modelling of the cap. A more
detailed description of why this is the case will be given in Section 7.

This different way of modelling consumption yields results that are in line
with those of the more conventional method. However, in the former
formulation the price elasticity of each good tends to be higher than in the
latter one. Moreover, growing divergences between the prices of two goods
might lead to an unrealistically low level of real consumption of a given
good.

In order to avoid this undesirable outcome, the coefficients ay and gy are
subject to simple real target consumption constraints @y and 8. This means
that when the real consumption of the non-traded goods becomes higher
than the threshold @, the parameter ay becomes smaller. Similarly, when
the real consumption of the imported good becomes smaller than a certain
threshold By, the parameter B starts to grow. This is represented in the
model using a conditional operator for both parameter equations:

_ consP
FH- if consy ~ o
ap = D D (12)
_ consg\ .. consg  _
@y T o <aH - consH> if consy >
. consf;t -
.311_1 if consy = By
Pu = consjt - .. conspt - (13
Bu_, + Bo <consH _.BH> f consy < Bu

Where «, and S, are exogenous parameters.

Once consumption has been determined, capitalists save the remaining part
of their income. This is shown in the equation for nominal wealth V, which
is:

V=V_,+YD, +YD,— CONS, + AOF, (14)



Where AOFj is the change in banks’ own funds, which will be explained in
Subsection 5.1. Most of household wealth is invested in deposits. This
wealth is called investable wealth V;,,,, and is derived as:

Vino =V — OFp (15)

In other words, the funds of the banking sector OFg, i.e., banks’ capital, still
account as wealth of the capitalists, but cannot be considered as investible
wealth as they are used as capital cushion by the banking sector.

As said above, investable wealth can only be invested in deposits D, thus:
DH = ViTlU (16)

Deposits pay an interest rate i; which will be described in Subsection 5.1.

3.2 Government sector

The government sector has a central role in the PADME model. It collects
taxes from wages, imports, capital income and firms’ gross profits.
Moreover, it has three types of expenditure: consumption of traded, non-
traded and imported goods, R&D expenditure and social transfers. When
expenditure is higher than the income collected through taxes, the
government issues bonds to cover its deficit. What really makes this sector
important though is the way in which its expenditure is specified. Public
spending grows following an exogenous growth rate, which plays a
fundamental role in driving the growth rate of the whole model. Labour
productivity growth is also important for the determination of the growth
rate of real GDP in the PADME model. Indeed, a positive labour productivity
growth rate would be sufficient to generate a growth model if the
government sector was not introduced. However, once taxes are added to
the model, they drag down growth in the long run (and thus a steady state is
impossible to reach) unless government expenditure grows in line with the
growth of labour productivity.

The description of the government sector starts from the equation that
determines its target real expenditure g:

g=g-11+¢) 17)
Where ¢ is its growth rate.

The expenditure growth rate ¢ depends on an exogenous parameter ¢, and
one specific condition, that is, that the level of public debt over nominal GDP
Debt does not overcome a certain threshold Debt. Regardless of whether
targeting the debt-to-GDP ratio is a sensible policy choice for a government,
this is a common approach to public finances. Once the threshold Debt is



exceeded, the government progressively reduces ¢ to contain expenditure
and stabilise its debt-to-GDP ratio. In other words, it implements an
austerity policy. The equation expressing this approach follows a
conditional operator:

So if Debt < Debt

$= _ (18)
¢o + ¢1(Debt — Debt_y) if Debt > Debt

Where Debt = 375 is the public-debt-to-GDP ratio, Debt is the exogenous
target threshold, ¢, is the exogenous steady state growth rate (1% in our
calibration) and ¢, is an exogenous adjustment parameter determining the
speed of reduction of government expenditure growth once Debt is
exceeded.

From equation 18, nominal expenditure G can be written as:
G=pas*g (19)

Where py, is the price index for domestic sales and will be explained in
Subsection 6.4.

As for the household sector, the allocation of government consumption is
based on nominal values. Part of the nominal government budget G is
allocated to R&D expenditure Ug:

U, = 066 (20)

0 is exogenously set. Then, nominal government consumption for the
three available goods mirrors that of the household sector, with the
exogenous parameters a; and f; assuming the same values of ay and By:

GP = ag * (G —Ug) (21)
G" = (1—ag) * B * (G —Us) (22)
m=(G—-Ug) -G’ —-GT (23)

Where a; and f; determine the share of consumption for non-traded and
traded goods, GP and GT respectively. The consumption of imported goods
G™ is determined as a residual to ensure that G™ + G? + GT = G — U;.

Real government consumption is then obtained again by dividing nominal
consumption of each good by their respective prices:

gP =— (24)



GT

T (25)

g bt

Gm
mo o 26)

g Pm
g=g°+g"+g™ 27)

As explained in the previous subsection, relying on nominal values to
determine the allocation of consumption runs the risk of obtaining low
levels of real consumption of a specific good if lasting divergences in prices
occur. Therefore, the parameter a; and B; are subject to a real target
consumption level. The equations for the parameters of the government
sector mirror those of the household sector:

aG_, if ﬁ < ag
2 = o 28)
ag_, +a <éG _g_) if g—>cYG
9 9
m
Bu_, if 97 < B
Bu = m (29

Bu_, + Bo <g7 _.B_H> if g? < Bs

Where «, and S, are exogenous parameters.

Lastly, the government pays an exogenous share ¢ of average nominal
wages W, to all unemployed workers U:

Gys = oW, U (30)

Where the subscript ws stands for ‘welfare state’. The wages of the two
sectors are identical, thus W,, = Wp = Wr. Unemployed workers U are
determined as total labour force Q minus employed workers N, i.e. U = Q —
N. Both wage determination, Q and N are described in Subsection 6.1.

Total nominal expenditure of the government before interest payments on
public debt is:

Grot = G + Gys (31D

It is worth highlighting that only G contributes to GDP, whereas G, is
effectively a transfer.



Having described the government’s main outflows, we now focus on its
inflows, that is, the tax revenue.

The taxes collected on wages T, are computed as an exogenous tax rate t,,
on workers and researchers’ wage income, NW and U respectively:

T, = t,(NW + U) (32)

Taxes on capital income T, are determined as an exogenous tax rate t, on
the sum of firms’ distributed profits F,{ , banks’ distributed profits FZ and
interest payments on deposits iy_ Dy_:

T, = t.(F) + F§ +is_Dy_) (33)

Taxes on firms’ profits Ty are computed as an exogenous tax rate t; on the
sum of the gross profits of the traded F;, non-traded F, and resource sector
Fg:

In line with what happens in many countries, profits are taxed twice, both
at the firm level t; and when distributed to households t..

The tariff income collected from imports T, is equal to nominal imports
times the tariff rate (t,, — 1). In the steady state t,,is equal to 1, thus the
tariff rate and tariff income are equal to zero. However, the introduction of
a cap on imported resources — described in Section 7 — makes the tariff rate
higher than 1.

T =ty — 1M (35)

Once all these different tax incomes are summed, we obtain the total tax
income T:

T=T,+T,+Tf +Tp (36)
Lastly, the government issues bonds in order to cover its deficit:
BS = (Gpor + BSy +iy_BS1) — (T + Fp) (37)

Fcp is the profit of the central bank. The interest rate on government bonds
iy is endogenous. Both F¢z and i, are described in Subsection 5.2. The supply
of bonds is divided between the domestic central bank Bz and domestic and
foreign banks (Bj and BJ? respectively):

Bj = Bj (39)

BY§ = BS — (Bfp + B3) (40)



The supply of bonds to the central bank and the domestic banking sector are
equal to their demands B%; and Bf. These are described in Section 5. The
supply to the other region’s banks Bj$ is the residual, guaranteeing that
BY: + BSz + By = BS. The stock-flow consistency of the PADME model
ensures that Bjs is equal to its demand BY¢ — which will be described in
Subsection 5.1. These equations conclude the description of the government
sector.

4 Production sectors

This section describes the PADME model’s production sectors, namely the
traded sector, the non-traded sector and the resource sector. Again, only the
equations of the North are described as they are identical in the South.

4.1 Traded sector

We start by presenting the equations of the traded industry as it is the most
important of the three sectors. Indeed, it produces the only good that can be
traded across the two areas and it is also the only sector that produces capital
for itself and the other industries. Moreover, only the traded sector uses
natural resources to produce its output. The other two inputs used in the
production of the traded good are labour and imported goods from the other
area’s traded sector.

Technological development is represented by the dynamics of input
productivities, i.e., how efficiently inputs are employed to produce the
traded good. The productivity growth rate of each input depends on the
amount of R&D funding devoted to it, while the allocation of R&D funding
to the different input-saving technologies is partly exogenous and partly
depends on the inflation rate of the specific input price. This formulation is
inspired by the work of Naqvi and Stockhammer (2018) and is thoroughly
described in this section.

Lastly, profits are partly retained for financing investment and R&D
activities and partly distributed. The amount of investment that is not
covered by retained profits is financed through borrowing from the banking
sector.

We begin the description of the traded sector by outlining how real sales and
gross value added are determined. Real sales are the sum of all goods and
capital sold in the economy:

sy = consh + g7 +icl + invy + invp + invg + xp (41)



icl is intermediate consumption of the non-traded sector. invy, inv, and
invg stand for real investment of the traded, non-traded and resource sector
respectively. x; are real exports. In other words, the goods produced by the
traded sector are purchased for consumption by households and the
government, as an input for production by the non-traded sector, as capital
by all the three productive sectors in the North and are also exported to the
other area. The export of traded goods is a function of the demand of the
foreign traded sector, the foreign household sector and the foreign
government sector. Its equation will be described in Subsection 6.3.

Nominal sales are:
Sy =pr(consh + g7 +ich + invy + invp + invg) + p,xr (42)

Where p7 is the price for the domestic economy and is described below in
this subsection. In short, it follows a traditional post-Keynesian pricing
equation, where an exogenous mark-up is added to unit costs. p, is the
export price and depends on pr, on the foreign price p; and on the exchange
rate. Its equation follows the conventional form introduced in Godley and
Lavoie (2007)and is described in Subsection 6.3.

Real gross value added is real sales minus intermediate consumption of the
traded sector. Thus:

yr =sp—icft —1r (43)

That is, intermediate consumption of the traded sector is constituted by
imported goods from the other area icy* and resources r; purchased from the
domestic resource sector. Nominal gross value added is:

YT =ST—IC'IT~n—RT (4’4)
Where ICT* = p,,ict* and Ry = pg1y, i.e., real inputs times their prices.

In order to produce its output, the traded sector needs capital and the other
three productive inputs. We first describe how capital and investment are
determined. The formulation here is similar to those of conventional stock-
flow consistent models (Godley and Lavoie, 2007; Jackson and Jackson,
2021). Firms target a specific level of capital k; based on an exogenous
output-to-capital ratio k. However, the output that they target to determine
the target capital is not lagged output as in Godley and Lavoie (2007), but
rather their desired (target) output 5, for the next period, which is based on
expected sales and expected profits.

This choice is motivated by the desire of making the investment function
slightly more realistic. Indeed, although the evidence that investment
depends on sales is robust (Chirinko, 1993), the common formulation used
in SFC models tends to generate very stable investment, which is rather



unrealistic as investment is one of the most volatile components of GDP.
Adding expected profits allows to obtain investment that is more volatile
than consumption, which is a regular empirical finding.

From a theoretical perspective, expected profits have been traditionally
considered a crucial variable for the determination of investment. Empirical
evidence seems to support this view (Bond et al., 2004; Cummins et al., 2006;
Gennaioli et al., 2016). For the sake of simplicity, expectations here are
adaptive, thus they are represented by lagged real sales and lagged real
profits respectively. However, adaptive expectation could be questioned as
an appropriate proxy for profit expectations. In this regard, two arguments
can be advanced. Firstly, recent empirical work shows that CFOs’
expectations regarding future profits can be consistently predicted by
relying on publicly available information such as past profitability
(Gennaioli et al., 2016). Thus, expectations are not perfectly rational and can
be well approximated by an adaptive function. Moreover, it has to be noted
that there is also sufficient, though admittedly inconclusive, evidence that
investment depends on past profits (Carruth et al., 2000; Glyn, 1997).
Overall, the specification that is presented below seems fairly robust.

Target sales are:

Fr_,

(45)

St = KoS_, + K1

ds_q
Where k, and k, are exogenous parameters that weight the importance of
one variable over the other. Their value is chosen so that the x, has more
influence on the determination of 5; than x; to avoid an excessively
unrealistic volatility of the investment function (Appendix A, Section A.2).

;T—‘l is lagged real profits. F; is presented below, while the price index p,; is

dS_1

described in section 6.4.

Next, the target capital is derived by dividing target sales by the exogenous
technical coefficient k, which represents the output-to-capital ratio:

-5
= — 4
kr == (46)

Real investment is then determined by a standard partial adjustment
function:

ian = #T(ET - kT—l) + 6kT_1 (4’7)

Skr_, is depreciated capital (6 is exogenously determined) and pr < 1 is the
exogenous partial adjustment coefficient. Real investment then adds to the
real capital stock as follows:



kr = (1 - &kr_, +invy (48)

Nominal gross investment and nominal capital stock are:
INV; = prinvy (49)
Kr = (1 — 8Ky +INVy (50)

This concludes the description of the equations that determine investment
and the accumulation of the capital stock.

Next, we describe how technological change works at the sectoral level.
Technological change in the PADME model is represented by the dynamics
of input productivities. Investment in R&D determines the growth rates of
these productivities. Private companies and the government decide a share
of their budget that they spend on R&D. Then, their decision on how much
of the R&D funds to allocate to labour-saving, resource-saving and import-
saving technologies affects the growth rates of the different input
productivities. The allocation process is partly exogenous and partly
depends on the rates of inflation of input prices. Once the R&D investment
in one period is decided, the new input productivities computed in that
period are embedded in new capital vintages through investment and added
to the existing capital stock. The weighted average of new and past
productivities determines the current productivity levels. Embedding
productivities in capital allows to simulate path dependant technological
change, which is an important feature of modelling technology (Aghion et
al., 2019). Current productivity levels are then used to estimate the input
requirements for the traded sector based on its output production.

After this brief introduction, we can describe the actual equations of the
PADME model. Initially, firms plan a target level of input that they would
like to employ given the real sales of the period. Thus:

— ST

Np=2L 1

r=ar (51)

_ St

cft = — (52)

T &

Fr =L (53)
it

Where Nr,icI* and 7, are the target levels for labour, imported goods and
resources while Ay, & and m; are their respective productivities. Before
moving to the actual level of inputs employed, we describe how
productivities are specified and determined. All productivities are



embedded in the capital stock as in Jackson and Jackson (2021)%. Each new
capital vintage, i.e., new investment, embeds different levels of productivity
compared to previous capital. Thus, productivities in every period are
determined as follows:

_ Ay (er, = 8ke,) + 25 (invp)

' e (54)
£ = fr_l(kr_l - 6le_(1) + &7 (invr) (55)
T
wr (ks — 6k + 7l (inv
. T_1( T_, T_1) ¥ (invr) (56)

kr

Where A7V, &7¢" and nj}®" are the new productivity levels. The term
)LT_l(kT_1 —SkT_l) indicates that the scrapping of depreciated capital
replaces previous levels of productivity that were embedded in the old
capital stock. In other words, the productivity levels in each period for the
different inputs are a weighted average of the past productivity attached to
the remaining capital stock and the new productivity embedded in
investment A%°Y(invy). New productivities A%, ER°Y and npé" are
determined as:

Apew = Anew (1 + A9°) (57)
v =g (1+67) (58)
npew = e (1 + nd") (59)

Where 2%°, £9%and d" are endogenous growth rates (superscript gt) and
depend on the share of national R&D funds allocated to that specific input-

vF  Ur  Of
U%Ot 4 U%Ot 4 15’115_‘01.L

saving technology ( ) and the R&D-to-GDP ratio of the overall

economy Z Ry&D (Naqvi and Stockhammer, 2018):

07 YR&D
295 = Q0| ==+ 60
T 0 <U§~Ot y ( )
Uic y
gt T R&D
= + 61
T 60 <U§~Ot y > ( )
n_gt =1 U?IA" + YR&D (62)
T 0 U%Ot y

Ao, &y and m, are exogenous parameters that convert the sum of the two
ratios in equations 60, 61 and 62 into sensible growth rates for the

3 However, in this model the tracking of the different levels of productivity in the different period
is more simplified than in their work.



productivities of the three inputs. In particular, they ensure that A‘?t = 0.01,
9* = 0and 7J° = 0 in the steady state.

ot

The ratios =% Utot: Utot

and —L th represent the share of the national R&D budget

devoted to a specific input productivity. The higher the share, the faster the
growth rate of that productivity. These variables are described in more detail

YR&D -

below. is the ratio of R&D spending over national GDP and reflects the

idea that more R&D spending relative to total output increases the general
level of productivity of the economy (a detailed description of the equation
can be found in Subsection 6.2).

0% is the sum of R&D funding devoted to the traded sector by the sector
itself U7 and by the government (057 + o + 0T)Ug:

U =Ur + (057 + o + 08™)Ug (63)

The second term of equation 63 will become clear with the next equation.
Following Naqvi and Stockhammer (2018), the allocation of research funds
to the different productivities of the traded sector (0%, U}, U%) is partly made
through a portfolio approach a la Tobin:

o7 on’ 00 000 001 002 \ [ Wy
OF |~ iGcT Oc + QI + QIO 911 QIZ Pm Or (64)
(A of” 07 %o 071 07,/ \Pr

08T, 08T and ST determine the shares of government R&D expenditure Ug

allocated to the different input-saving technologies for the traded sector
and are exogenously set based on government’s priorities. The sum of their
values is oST + &7 + 05T = 0.5 as the other half of public R&D expenditure
is used by the government to fund R&D activities of the non-traded sector.

ol, 0T and of partly shape the distribution of firms’ R&D funding U and are
standard exogenous parameters of a portfolio approach. Clearly, their value
must sum to 1. However, firms’ allocation of funding is also partly
endogenous as it reacts to the inflationary dynamics of input prices Wy, p,,
and pr. This follows from the well-established idea in the induced
technological change literature that technological change is driven by the
relative price of input costs (Acemoglu, 2002). The values of the parameter

T . T T
in matrix z%z z(ﬂ zci follow the standard rules of portfolio allocation
ng 951 952
presented in Godley and Lavoie (2007). Thus, each row and each column
sums to zero.

To sum up, the allocation of R&D funding determines the level of
productivity growth of the different inputs. This allocation is partly



exogenous and partly endogenised through the dynamics of the rates of
inflation of input prices. Once the new levels of inputs productivity are
determined, they are embedded in new capital vintages, i.e., real
investment, and added to the existing capital stock. The weighted average
of new and past productivities determines the current productivity levels.
These are then used to estimate target input requirements given firms’ real
sales in the period.

Once target inputs are determined, actual inputs are employed depending
on the inflation rate of the specific input price:

Ny

Np = : : : (65)
1 + 60AWT - ElApm - ElApR
Iz,m
icm = . r_ : (66)
1+ €gApy, — 1AWy — €1 Apg
T
T L (67)

1+ €oAPr — €,AWr — €10P

This formulation means that in the short run firms are able to reduce the use
of a specific input if there is a spike in its price by employing more of the
other inputs. €, and e; are exogenous parameters that regulate the
sensitivity of substitution between inputs. This substitution effect only
works in the short run as the long run increase in efficiency is determined
by higher productivities embedded in new capital vintages, in other words
by technological innovation.

The rationale for this formulation stems from a modelling necessity.
Indeed, explicitly including prices in the determination of inputs allows us
to model the cap on resources (Section 7 provides a more thorough
introduction to the cap and how it works). At the same time, our approach
to input determination highlights the important difference between
substitutability and technological change (Sue Wing, 2006). In the short run,
changes in relative prices allow for modest degrees of substitution between
productive inputs without requiring new technology. However, in the long
run, only new technologies stimulated by R&D can bring about a steady
increase in production efficiency. This process has been empirically
demonstrated for the energy intensity of the US economy by Sue Wing
(2008).

Given the level of inputs needed for production, it is possible to derive the
price of the traded good. Prices in the PADME model follow the standard
post-Keynesian approach (Lavoie, 2022), i.e., they are obtained as a mark-
up over unit costs. Thus, the price p; for this sector is:



(68)

W-N, + IC™™ + R
PT=(1+77T)< LT u T)

St
n¢ is the exogenous mark-up.

Having defined how production and prices are determined, we turn to the
financial side of the sector. Starting from firms’ revenue, which is nominal
sales Sy, profits before taxes F; can be derived as follows:

FT = ST - WTNT - IC'}'ﬂ - RT - iT_iLT_l (69)

Where iy Ly | is the cost of debt, i.e., the sector-specific interest rate times
the stock of loans borrowed by the traded sector.

Gross profits are then allocated to different uses. Part of them has to be paid
to the government in the form of corporate taxes Tr = tFr (see also
equation 34). Next, firms retain a share of profit F} equal to an exogenous
share 9; of nominal investment INV;:

F¥ = 97INVy (70)

Another part of profits is devoted to R&D:
Or = OrFp (71)
Where ©; is an exogenous share. The residual part of profits is distributed:
FY =Fp —Up —Tr — F¥ (72)

Lastly, firms finance the investment not covered by undistributed profits by
borrowing from banks:

LT=INVT+LT_1—F'II} (73)

4.2 Non-traded sector

The non-traded sector behaves very similarly to the traded sector. The main
differences are that the non-traded sector purchases capital from the traded
sector, it only sells to the domestic economy and its productive inputs are
labour and intermediate goods purchased from the traded sectors of the two
countries. The idea of adding a non-traded sector reflects the attempt to
model a proxy of the service sector. This choice stems from the emphasis
given on structural transition in the literature on post-growth. In particular,
post-growth scholars (Jackson, 2017) argue that a sustainable economy will
necessarily invest more in sectors that are not resource intensive and still
provide important services for human welfare. Having this sector in the
model allows for simulating this structural transition and reflecting on its
macroeconomic implications both at the domestic and international level.



The standard features of the service sector are usually considered its low
involvement in international trade, labour-intensive production and low
labour productivity growth (Mano and Castillo, 2015). Though these are
rough simplifications and reality is much more heterogenous, the PADME
model tries to replicate these stylised facts. One aspect that is worth
mentioning here is that by making the non-traded sector more labour
intensive, its price becomes higher than that of the traded sector. It is also
possible to add a lower labour productivity growth rate in the non-traded
sector. This makes the inflation rate of the price of its good higher than that
of the tradable good. It also leads to a growing share of workers being
employed in the non-traded sector. However, this specification does not add
much to the analysis. Hence, labour intensity is the only difference in labour
use between the traded and non-traded sectors.

The description of the equations of the non-traded sector follows the same
order of the previous subsection. Thus, we start by showing how production
and required inputs are determined. Next, we outline the determination of
prices and how profits are distributed. Real output is:

sp = cons? + gP (74)
And nominal output is:
Sp = PpYp (75)

Where p, is the price of non-traded goods. Real and nominal gross value
added of the sector are:

Yp = sp — ich — icf}! (76)
Yp =S, —ICE —ICH (77)
Where IC} = pricl and ICE = p,,ick.

Real investment follows a partial adjustment mechanism as in the previous
sector. There is again a target level of real capital k, depending on target
sales 5, and an exogenous technical coefficient x:

kp =— (78)

Target sales depends on expected output and expected real profits. Again,
expectations are adaptive thus:

Fp_,

(79)

Sp = KoSp_, T K1
d5_1

Where k, and k,; are exogenous parameters that weight the importance of
the two variables in determining the desired level of real sales.



Firms try to reach the target level through new investment:
invD =#D(ED _kD—l) +6kD_1 (80)

Where 8ky,__ is depreciated capital and up < 1is again the exogenous partial
adjustment parameter. The real capital stock is then:

kp = (1= 8)kp_, +invp (81)

Nominal capital stock and nominal gross investment are:
INV, = prinvp (82)
Kp = (1—8)Kp_, +INV, (83)

The price of the traded sector p; is used to obtain the nominal values as
capital is purchased from that sector.

Concerning its non-capital inputs, the non-traded sector employs labour
Np, imported goods ic®* and domestic traded goods icl. The overall
determination of each input is the same as in the traded sector:

b= (84)
S

== (85)
D
S

ich =7 (86)
D

Where Nj, ic2* and ic) are the target levels of labour, imported goods and
domestic traded goods required for production. Ap,&F and &) are the
respective productivities of these inputs. These productivities are embedded
in new capital purchased by the traded sector. Embedded technologies and
the determination of productivity dynamics are identical to the traded
sector, just with different inputs. Therefore, we present the equations
without an in-depth description, which can be found in the previous
subsection. The current levels of input productivities are again the weighted
averages between new and old levels:

_ Aoy (kn_, = 8kp_,) + 25" (invp)

Ap 7 (87)

gy - Bl o )+ 55"y -
D

e = fD_l(kD_1 - 5kD_1) + &5 (invp) (89)

kp

New labour productivities grow following endogenous growth rates:



Anew = 2w (1 + A9°) (90)
€mnew — é:mnew(l + fmgt) (91)
fl’l)'new _ anew(l + ngt) (92)

Where 19, £7'9"and £.9° are the endogenous growth rates and, as in the
traded sector, their values depend on the allocation of R&D funding:
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Tgt _ T U7, YR&D 5
D - 60 UE)Ot + y (9 )

Ao, &M and & are exogenous parameters. UP), is determined as the sum of
R&D funding devoted to the non-traded sector by the sector itself and by
the government:

Ot = U + (08P D+ 08Py, (96)

The allocation of research funds to the different productivities partially
follows a portfolio approach a la Tobin:

0p QTcl;D Q(L)) QoDo Qg1 9(1)32 WD
Op | = leD Ug + Q? + Q?o Q% Q?z pjﬂ Op 97
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Where 0§” + 0SP + 05”7 = 0.5 such that oS° + 052 + 08P + ST + 08T +
0¢T = 1. In other words, this ensures that all of government R&D funding is
allocated to the two sectors. Moreover, o5 + o? + o2 = 1 and each row and

D D D
060 261 262
column of the matrix QD QD QDZ sums to zero.
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Lastly, the actual inputs employed are:

N,
Ny = L . (98)
1 + EOAWD - ElApm - ElApT
Iz,m
icp = —— . (99)
1+ €gApy — 1AW — €1 Apr
—T
ic
icl = D (100)

1+ €gApr — €1AWp — €, A,



The explanation for this formulation was already provided in the previous
subsection. Again, once intermediate inputs are determined, it is possible to
set prices as an exogenous mark-up n, over unitary costs:

(WpNp + ICE + ICH)

pp = (1 +np) 5, (101)

The last part of the sector that needs to be described is the distribution of
profits. Firms’ profits before taxes are:

FD =SD_WDND_ICg_IClT)n_iD_iLD_l (102)
Where ip_ Lp_, is interest payments on corporate debt.

Profits are then allocated as follows. Part of them goes into taxes T, = tsFp.
Moreover, firms retain a share of profit F} equal to an exogenous share 9,
of nominal investment INV,:

F = 9pINV, (103)
Another exogenous share @y of profits is devoted to R&D:
U, = 0pF, (104)
Then, the residual part of profits is distributed:
FP =F,—Tp - F¥ -0, (105)

Lastly, firms of the non-traded sector borrows from banks in order to cover
the part of investment that is not financed by undistributed profits:

LD =INVD+LD_1—Fg (106)

4.3 Resource sector

The resource sector is a more sophisticated version of that in Naqvi and
Stockhammer (2018). In line with their work, its structure is simplified to
improve the tractability of the model. Resources are extracted using capital
bought from the traded sector. The resource sector does not have productive
inputs such as labour or intermediate goods and does not borrow money
from the banking sector. Its investments are completely self-financed. Real
and nominal resource sales are rz and R respectively:

TR = TT (107)
R = prry (108)

Where 7 is the demand for resource of the domestic traded sector and has
been explained in equation 67. The traded sector is the only sector that



directly purchases resources. Nominal sales of resources R are obtained by
multiplying real sales times the price of resources pg. The resource sector
does not use labour or intermediate inputs, hence its price is determined as
an exogenous mark-up n over an internal unitary cost ®:

pr = (1 +ng)Pr (109)

Where @y starts as an exogenous value as in Naqvi and Stockhammer (2018).
However, in this model its growth rate follows a simple adjustment process
based on the inflation rate of the domestic price index:

bp = dp_, + Wr(Pas — Pr_,) (110)

Yr < 1 is the exogenous adjustment parameter. Equation 110 ensures that
the price of resources grows in line with the inflation rate of other prices.
Without this formulation, p; would remain stable in the steady state while
the prices of the other goods would grow steadily.

The modelling of investment and capital accumulation is identical to that of
standard SFC models (Godley and Lavoie, 2007). The target capital is not
dependant on profits as in the traded and non-traded sectors. Adding profits
as a determinant of the resource sector does not really affect the results of
the model, thus keeping the sector simpler and with less exogenous
parameters has been preferred. The target capital is determined as lagged
real sales divided by the exogenously determined capital-to-output ratio «:

_ T_1
=— 111
kn == (111)

Real investment invy is then computed again following a partial adjustment
investment function:

ian = #R(ER - kR—l) + 6kR_1 (112)
Real investment is added to the real capital stock ki through equation 113:
kR = (1 - 6)kR_1 + iTl'UR (113)

New capital is bought from the traded sector, hence nominal gross
investment and nominal capital stock are:

INVR = pTinUR (114)
Kz = (1— 8)Kg_, + INVy (115)

It is worth pointing out that the resource sector itself cannot become more
or less productive. Its only ‘productivity’ is the output-capital ratio x, which
is exogenous. Therefore, it does not play a role in improving resource
efficiency, which mainly relies on improvement in the resource use of the
traded sector.



The resource sector finances its investment entirely with own funds Fg. It
does not have other costs apart from taxes on its gross profits Tz and the
remaining part of its profits is distributed to households Ff. Hence:

F¥ = INVy (116)
Tp = t¢R (117)
FR=R—-F¥—-Tg (118)

5 Financial sectors

Having presented the production sectors, we now turn to the financial side
of the model. Though every sector is involved in it, financial activities in this
theoretical economy revolve around the banking sector and the central
bank. We firstly introduce the banking sector in Subsection 5.1 and then
present the central bank in Subsection 5.2.

5.1 Banking sector

In the PADME model, the banking sector plays the crucial role of providing
credit to the productive sectors and the government. It also holds the
accumulated wealth of households in the form of deposits. To meet its
liquidity requirement, it keeps a certain level of reserves at the central bank
account. The banking sector purchases bonds from the foreign government,
hence it is the only sector which deals with international financial flows.

Banks here are simplified in their cost structure if compared to traded and
non-traded firms. Specifically, banks do not employ workers, other inputs or
capital. Their only costs are constituted by interest payments on deposits.
They save part of their profits as a capital buffer. The remaining profits are
distributed to households.

We first introduce the balance-sheet side of the banking sector. As
mentioned above, the investable wealth of households is held in the form of
deposits D on the liability side of banks. Thus:

On their asset side, banks requires a certain level of reserves HHg to ensure
that they have enough liquidity for their customers, this is determined as an
exogenous share p over deposits:



Reserves are provided by the central bank. A description of reserves and
their interest rate is provided in the next subsection.

Another category of assets that banks hold on their balance sheet is loans to
firms. By assumption, banks always accommodate firms’ needs for new
loans, thus the total supply Lj is equal to:

IS =Ly +1Lp (121)

Moreover, banks purchase domestic and foreign government bonds. The
latter variable is particularly difficult to model. Indeed, international capital
flows are not homogenous as they include many different types of assets and
are driven by public and private investors with different incentives (Koepke,
2019). Here, the demand for foreign bonds is simply modelled as an
exogenous share ¢ of their lagged total assets:

B3% = pASSETS_, (122)

where ASSETS_; = Ly  +HHp_ +BS  +Bay . This is not a realistic
specification of demand for international assets, but it is useful as a starting
point. More sophisticated formulations can be easily developed but would
complicate the analysis and make the core dynamics of the model less clear.

The demand for domestic government bonds is determined as a residual to
ensure the consistency of the banking sector’s balance sheet:

Bf = BE + AD§ + AOFz — (AL + AHHp + eyAB3g; (123)

where OF,, is banks’ own funds. First differences must be used to account for

potential capital gains due to fluctuations in the Northern exchange rate

__ North currency

ey = and thus ensure the stock-flow consistency of the model
South currency

(Godley and Lavoie, 2007).

Having described the balance sheet of the banking sector, we next turn to its
financial flows. Banks’ profits are the difference between all interest
payments received on their assets and interest payments on their liabilities:

Fy =iy Bj +exiy Bix  +ir Ly +ip_ Lp_ +inn  HHp  —iq  Dp_ (124)

All interest rates are endogenous. Interest rates on reserves and government
bonds are explained in Subsection 5.2. Banks control the interest rates on
deposits iy and firms’ loans (iy,ip). The former is determined as a simple
exogenous mark-up n, over the lagged interest rate on reserves:

ig = Ilpn_, T Na (125)



The lag is due to the robust finding that banks sluggishly adjust the deposit
rate to changes in monetary policy (Gropp et al.,, 2014; Horvath and
Podpiera, 2012).

The interest rates on loans are obtained by adding an endogenous mark-up
over the policy rate. In line with the evidence on the determinants of banks’
interest rates (Gregor et al., 2021), the mark-ups are dependent on the
creditworthiness of the sector. The equations for firms’ interest rates are:

ir = ipp + 15 (126)
ip =lipn + 18 (127)

Though it would be more logically consistent to use the deposit rate as the
base of the mark-up, the policy rate i,; was chosen given that empirical
evidence shows that mark-ups on loans tend to react more quickly than
mark-ups on deposits when the policy rate changes (Gropp et al., 2014). n%
and 15 are based on the leverage ratio of the two sectors:

. Ly
moif n *F_<771
T

, Ly
g =no+nz*x— if M < My xp- <7 (128)
T

. Ly
Nz if M *F_>773
T

. Lp
noif 772*F_<771
D

. Lp
g =no+n*— if m < 772*F—<773 (129)
D

. Lp
Nz if 772*F_>773
D

Where 14,711,717, and n; are exogenous parameters and i—: and i—l; are total
loans over gross profits of the respective sectors. The structure of the
equations above means that there is an upper and lower threshold for one-
period changes in the mark-up on interest rates on loans. In other words,
the interest rate on loans always changes following the policy rate, but if one
firm sector becomes less (more) financially sound, the mark-up on its loans
will not increase more than 7n; (decrease less than 7,) in that period. This
choice is useful to avoid big fluctuations of the mark-up that could

undermine the stability of the model. Apart from the modelling



convenience, it is reasonable to expect that banks will revise their mark-up
without making sudden large changes as they are subject to a competitive
environment.

The choice of specifying the mark-up as dependant on i—T stems from the
T

literature on interest rate margins. There is a vast and complex body of work
on this topic. Several factors affect banks’ mark-up, such as institutional
frameworks, competition, credit risk (Gregor et al., 2021; Gropp et al., 2014).
Here, for the sake of simplicity, we focus on credit risk and use total debt

., L . .
over gross profit F—T as its proxy variable.
T

Once banks’ profits Fz are determined, banks allocate a share of them to
their own capital, called ‘own funds’ here. Banks have a target level of own
funds OF that they want to reach, which is an exogenous share 7 of loans:

OF = 1L5 (130)
Their actual own funds are then:
OFy = Ff + OF5_, (131)

Where F,;, is undistributed profits and — for the sake of simplicity — its
formulation guarantees that OFjy is always equal to OF :

FY = OF — OF5_, (132)
The remaining profits are distributed to households:

FE =Fy; —F¥ (133)

5.2 The central bank

The central bank is the last sector that needs to be described. It has two
functions: providing reserves to the banking sector and setting the interest
rate on them. This interest rate serves as direct or indirect foundation for
the other interest rates in the economy. Reserves are introduced into the
system by purchasing government bonds. Hence, the balance sheet of the
central bank has reserves on the liability side:

The supply of reserves is equal to its demand coming from the banking
sector. An equal amount of domestic government bonds is purchased and
held on the asset side:

B& = HH¢p (135)

In this way, the consistency of central bank’s balance sheet is guaranteed.



Lastly, the central bank sets the interest rate on reserves following a
heuristic similar to a Taylor rule:

inn_, + (1 * Dpas)  if Pas < 1.5%
iph = ihh_y if 1.5% >pgs <2.5% (136)

ipn_, + (o * Bpgs)  if Das > 2.5%

Where (, and (; are exogenous parameters that represent the sensitivity of
the monetary authority when inflation rate goes above or below its target
respectively. The bigger the change, the more vigorously the central bank
changes the interest rate to tame inflation. Equation 136 reflects the idea
that the monetary authority has a corridor of acceptable values for the
inflation rate (Castro, 2011; Martin and Milas, 2004). As long as inflation is
within those values, the central bank does not change the interest rate on
reserves.

It is worth reflecting here on what the role of interest rates is in this model
and how effective monetary policy can be in targeting inflation. It is usually
assumed that changes in interest rate impact aggregate demand. In this
model, interest rates affect consumption through equation 4 and
investment (equations 45 and 79) through their impact on firms’ profits
(equations 69 and 102). Hence, aggregate demand is negatively affected by
a rise in the policy rate. However, the effect is limited to the short run and
in the long run the inflation rate is not significantly influenced by interest
rates. Interest rates here play a bigger role in shaping the dynamics of
income distribution rather than directly influencing aggregate demand.
Overall, the standard view that monetary policy can control inflation is not
replicated in the PADME model. The central bank can use the interest rate
to smooth the impact of a shock to the economy but cannot really bring
inflation to a specific target level. Admittedly, not all the transmission
channels identified in the literature have been replicated in PADME (Buch
et al., 2019; Hannsgen, 2007). Adding further channels might increase the
importance that interest rate policies have on the results of the model.

The remaining interest rate that needs to be described is that on government
bonds. In the PADME model, this is simply determined as an exogenous
mark-up n, over the policy rate:

ig = ihh + Ng (137)

One criticism to this formulation of the interest rate on government bonds
is that it does not consider the effects that market forces and central bank



operations can have on the value of the mark-up. In this first version of the
model, these are not included to avoid adding too many interactions among
sectors. However, these dynamics could be considered for future research.

The last equation of the central bank sector regards its profits F.z. These are
the difference between interest inflows and outflows:

FCB = ig_lBgB_l - ihh_lHHCB_l (138)

Fp is distributed to the government.

6 Labour market, trade and macroaggregates

This last section describes parts of the model that are not specific to a sector
and thus have not been discussed in the previous sections. Subsection 6.1
presents the labour market, namely how employment and wages are
determined. Subsection 6.2 provides a detailed description of how
employment, wages and productivity are specified in the R&D module.
Subsection 6.3 covers the variables related to the trade side of the model,
such as the exchange rate, balance of payments, imports, exports and their
respective prices. Lastly, Subsection 6.4 describes how certain
macroeconomic aggregates are derived in the PADME model. These include
GDP and the price index for domestic sales.

6.1 Labour market

The labour market in the PADME model is constituted by two employers,
namely the traded and the non-traded sectors. Their demand for labour has
been described above (equations 65 and 98). The maximum amount of
available labour FE depends on the number of workers Q and the
exogenously determined working hours wh:

FE = (Wh) - Q (139)

The supply of labour Q and the employment rate E are:
Q.. if E<Ew
Q= (140)

N
- 4 up
EvP - (wh) iy E>E

=2 (141)
- Q



Where E¥P is an exogenous parameter and N is the total amount of workers
(N = N; + Np). The meaning of equation 140 is that more workers enter the
workforce when the employment rate is above its exogenous upper limit
EY“P which is equal to 0.96 in our calibration (Appendix A, Section A.2).

The employment rate has a significant influence on real wages. Specifically,

workers have a real wage target w that depends on the average level of labour

productivity A4, = ;T:’D and on the employment rate:
T D

In (W) = wy + @1In(4,,) + @, In(E) (142)

This formulation is taken from Jackson and Jackson (2021), who have
modified the equation proposed by (Godley and Lavoie, 2007) in chapter 11
of their textbook. The choice of using the average level of labour
productivity instead of labour productivity at the sector level is in line with
empirical findings (Hartwig, 2011; Nordhaus, 2008), although conclusive
evidence is still missing. The employment rate plays the role of a proxy for
workers’ bargaining power.

Nominal wages are then derived using a partial adjustment function:
Wp =Wp_, + @3(W*pgs — Wp_,) (143)
Wr =Wy + @w3(W*pgs — Wr_,) (144)

Pas iS a price index that is described in the next subsection. @w; < 1 is an
exogenous parameter.

6.2 R&D module

Wages and employment in the R&D sector are modelled in a simplified
fashion. The rationale behind the formulation described here stems from a
problem that affected the model when R&D income was not linked to real
resources. In particular, in certain simulations the government could end up
spending up to 20% of its budget in R&D activities, creating very high levels
of productivity growth for all inputs. This was clearly unrealistic, hence the
decision to link R&D expenditure to real variables. Indeed, once all
researchers are employed, adding more income to R&D simply triggers
inflation of researchers’ wages without increasing R&D output. The supply
of researchers adapts to higher demand for R&D, but this happens following
a slow process of adjustment. This sluggish adjustment reflects a more
realistic scenario where highly skilled workers are scarce and the training
process for increasing their supply takes time.

Wages in the R&D module follow the inflation rate of the average wage in
the economy, unless there is a shortage of researchers:



H . A&&D
Wrep_, (1 + W) if Oncs <1
R&D 5  Nee (145)
if >1
QR&D QR&D

Where Nggp is the number of researchers employed and Qggp is the total
labour force for the R&D sector. In other words, when there is full
employment in the R&D sector, the wage Wyg increases until the demand
for workers matches the labour force.

Qrsp is constant unless full employment in R&D is reached, in which case it
grows following the growth rate of R&D funding U:

QR&D_1 if WR&D < Wav
Qrap = . . . (146)
Qrep_, + WrepU if Wgep > Wy

Wrep is an exogenous parameter. Wyep > W, is another way to say that
Qrsp increases when full employment is reached. This alternative
formulation is needed to avoid a circular argument in the model. The idea
behind the equation 146 is that when there is a shortage of researchers, R&D
wages increase more than the average wage growth and this attracts more
workers, allowing for an expansion of R&D activities.

The number of people employed Nggp is equal to the total R&D funds
divided by the R&D wage:

)
NR&D - (14’7)
Whrep

Thus, it becomes clear what happens when full employment in the R&D

module is reached, i.e., B2 > 1. Basically, Wrgp becomes Wrgp =2

R&D QRr&D

which, once substituted in the above equation (147), yields Nggp = % =
QRr&D

QR&D .

Lastly, once the number of workers employed has been determined, we can
derive the real R&D output. This depends on researchers’ productivity, thus:

Yr&p = ArapNraD (148)

Where researchers’ productivity is growing at an exogenous growth rate

ARr&p:
Arep = Agep_, (1 + lgfw (149)

Once all of these variables have been derived, it is possible to compute the
ratio between real R&D output and real GDP which will be used in the



equations determining the input productivity growth rates (such as
equations 60, 61 and 62):

Y
RDyqtio = %&D (150)

6.3 Trade and exchange rate

In this subsection, we describe how the variables that represent
international trade have been specified. We firstly present the equations of
imports and exports. Next, we show how export and import prices are
specified. Lastly, we outline how the exchange rate and the balance of
payments are determined.

Real imports are derived as the sum of imported consumption and
intermediate good requirements:

m = consy; + gitt + ictt + icp! (151)

Real exports are constituted by the same variables but of the other area. In
this case, we just use the superscript x to identify them, but clearly from the
perspective of the other area they are imports. Exports are produced by the
traded sector, thus the subscript T':

Xy = consy + g + icf + ich (152)
It is worth mentioning that capital is not traded in this model.

Nominal imports and exports are obtained by multiplying their real values
by their respective prices:

M = p,m (153)
X = PxXr (154)

As mentioned previously, the export price p, is different from its base price
pr. Exporters do not decide the price of their exports solely in relation to the
production costs. They also take into account the other country price p;
(namely competition) and the fluctuations in the foreign exchange rate &5 =

1 = Southcurrency mpis formulation is taken from (Godley and Lavoie, 2007)
£ North currency

and allows to model pass-through effects:

In (p,) = —oy In(es) + (1 = 1) In(pr) + 01 In(p7) (155)

Where o, is an exogenous coefficient that has an important role in the
model. Suppose there is a depreciation of the foreign currency, thus &g
increases. If o; = 0, exporters do not take into account the exchange rate
movement and any change in the foreign price. They maintain the price



equal to py. In this way, they favour increases in their profits over increase
in their market share. Conversely if ; = 1, exporters prefer to focus on their
sales and thus decrease their export price by the same amount of the
increase in the exchange rate. In this way, no matter what the original value
of pr is, they will always change the export price to accommodate the
fluctuations in the exchange rate.

The import price is the export price of the foreign country multiplied by the
domestic exchange rate ¢ and the tariff rate t,,:

Pm = €y Pitm (156)

ps is specified in the same way as p,, (equation 155), but clearly the variables
are now related to the South (hence the ‘S’ in the equation number):

In(p;) = —of In(ey) + (1 — 07) In(p?) + of In(pr) (155.5)
Lastly, the exchange rate is determined as:

Ns
e = Bgs
N — pNd

Bgs

(157)

BJ? is the supply of Northern government bonds to foreign banks, which has
been described in Subsection 3.2, equation 40. B¢ is Southern banks’
demand for the Northern region’s government bonds*. BY$ is denominated
in the Northern currency, while BY¢ is denominated in the Southern
currency. Therefore, the logic of equation 157 is that when there is a
discrepancy between demand BY¢ and supply BS%, the exchange rate adjusts
to equalise the two.

Though it might seem that the exchange rate is only determined through
the bond market, the interconnections of the SFC framework makes its
determination entirely identical to more intuitive equations. For instance,
the exchange rate could be derived as the ratio between the supply and
demand of the domestic currency. Such formulation yields exactly the same
results but introduces much more simultaneity in the determination of the
exchange rate, which increases the likelihood of model crashes.

The balance of payments is represented by two equations. The current
account balance (CAB) is computed as nominal exports X plus interest
payments inflows ey7; Bjy minus nominal imports M plus interest
payments outflows r;_ Bj§:

CAB = (X +eyr; Biy) — (M +1,_ Bf§ (158)

4 Tt is identical to equation 122 but from the South perspective: B¢ = ¢,(ASSETS?,)



The financial account balance (KAB) is the difference between capital
inflows ABY$ and capital outflows eABzy:

KAB = AB}S — eAB33, (159)

Where B3y is the supply of South bonds to the banks in the North. By
accounting necessity, the value of the financial account balance is always
the opposite of the current account balance, KAB = —CAB.

6.4 Macroeconomic aggregates

This last subsection concludes the description of the model by presenting
few equations that are used to compute aggregate values such as GDP at the
country level and the price index. Some of these variables might not play a
role in the dynamics of the model but are used when presenting its results,
so it is worth mentioning how they are derived.

Real and nominal total output of one region are given by:
S =Sr+sp+13 (160)

Real and nominal GDP can be computed from a production perspective and
are:

y=s—ics—icy—ick—rp (161)
Y=S5S—-1IC; —IC5 —ICE — Ry (162)

The material footprint in one region is:

2 (163)
T, =1 ——+—
cons R S_T STs

r Trs

Namely, resources extracted minus resources exported plus resource

. S . P . . S . .

imported. TT—S is resource productivity in the South, while =L is that in the
TS

rr
North.

Lastly, we have defined all the prices in the economy, thus we can now
describe the price index p,s used to keep track of the price dynamics of
domestic sales. This is a simple weighted average of the prices in one area
for all the goods that are consumed or used by the different sectors:

_Sp+(Sr—X)+M+R
B Ss+m-—x

DPds (164)

It is neither a GDP deflator nor a consumer price index (CPI). Indeed, it does
not include prices of exports as the former, but it includes prices of



investment goods and productive sectors’ intermediate consumption, which
are not included in the CPI. However, this is the most accurate index for the
average prices that the economy faces at a given period in the PADME
model.

A proper CPI could be derived as:

CONSP + CONST + CONS™

= 1
Pcpi cons,, (165)

This is usually the index of reference for the central bank when it has to set
the policy rate. In this model, the central bank targets p,; because it better
reflects the dynamics of prices faced by all sector in the economy. This
choice has a negligible effect on the results of the model, but it seems more
theoretically consistent.

This last equation concludes the description of the model. The next two
sections will cover some interesting post-growth policies that can be
simulated in PADME.

7 Modelling a cap-and-trade scheme

In the Introduction section, we mentioned that the structure of the PADME
model allows us to simulate a cap-and-trade scheme. This policy is
interesting because it can be the central pillar of a post-growth transition
(Leoni et al., 2023). In particular, a decreasing cap on resources is able to
target environmental sustainability explicitly without assuming a particular
trajectory for GDP. Moreover, it offers a realistic narrative on how the post-
growth transition would come about. Following the predominant view in the
post-growth community that the developed world should start the
transition while the developing world keeps developing (Hickel et al., 2022;
Jackson, 2009), we assume that the cap is implemented in the North, the
region representing the global North in PADME.

The way in which the cap is modelled in PADME requires some further
explanations and the introduction of a few new equations. Before delving
into the technicalities of modelling this policy in a stock-flow consistent
model, it is worth describing the core features of a cap-and-trade scheme.

A cap-and-trade scheme is a policy that aims to constrain the amount of
aggregate production of a given resource or pollutant to a certain pre-
defined level. In order to implement the cap, in any given period a limited
number of ‘allowances’, i.e., a permit that allows the holder to consume a
given quantity of resources, are issued by the regulatory authority and
distributed to different economic actors depending on the authority’s



priorities. Producers of the resource can then trade these allowances in order
that each producer is able to obtain a number of allowances equal to the
quantity of resource that they want to produce. At the end of the period,
allowances are handed over to the regulatory authority and a new round of
issuance follows. The decision concerning the distribution of the allowances
does not affect the results of the policy, but it has consequences which are
relevant in terms of distributional effects (Stavins, 2008). For instance, if the
government decides to auction the allowances, the revenue collected
through the auctioning can be spent for other purposes. Conversely, giving
free allowances to certain industries can be seen as a form of compensation
for the negative effects that the cap might have on them.

The price of allowances has an important economic meaning. From a
neoclassical economic perspective, it ensures that the externalities created
by the production of resources are fully internalised, thus solving a market
imperfection. The cost internalisation is then supposed to reestablish
‘market efficiency’. From this perspective, the cap-and-trade system
generates the optimal price for resources.

The level of aggregation of the PADME model does not allow for detailed
modelling of the trade side of the policy. Thus, what happens in the model
is that after the introduction of the cap, the price of resources increases until
the demand for them is reduced enough to match the capped supply. The
price of the allowances is then obtained as the difference between the
original price of resource and the new price needed to equilibrate demand
and supply. Once this difference is multiplied by the quantity of resources
produced, we obtain the revenue generated by the introduction of the policy.
If all this revenue is allocated to the government, then we can say that the
allowances have been auctioned. If the revenue is allocated to a specific
sector, then allowances have been freely distributed to that sector.

Subsection 7.1 shows the equations necessary to simulate the cap on
domestic resources. Subsection 7.2 describes the way in which the cap on
resources embedded in imports can be introduced in the model. Lastly,
Subsection 7.3 briefly outlines how to derive the allowances income and
model its allocation.

7.1 The cap on domestic resources

Several modifications to the PADME model are necessary to simulate the cap
on domestic resource. The price of resources pr needs to be modified to
include the price of resource allowances t,.. In all the equations below, new
variables that are added to pre-existing equations are highlighted in bold to
improve the clarity of the exposition. Therefore, equation 109 becomes:



pr = (1 +ng)(A +t,)Pg (166)

Where 1y is the exogenous mark-up and @ are unit costs. As mentioned
above, theoretically t, plays the same role of a resource tax. However, while
a resource tax sets a given rate and let the quantity adjust, a cap-and-trade
scheme sets the quantity and let the rate adjust (Stavins, 2008). In other
words, instead of being defined as a fixed rate applied to the price of
resources, the value of t, constantly adjusts to enforce the equality between
the capped supply of resource # and its demand r;. In order to obtain this
value, we need to solve the following constraint for t,:

rr = f‘ (167)

Which means that the demand for resources r must be equal to the capped
supply of resources 7. Several mathematical steps are needed to explicitly
show that this equality is dependent on t,.

In order to solve equation 167 for tg, we need to substitute r with equation
67, which determines the actual resource demand of the traded sector once
substitution effects (e,Apgr — €AWy — €,Ap,,) are considered (see ):

rr

7= (168)

1+ €gApr — €, AWr — €,Ap,,
Where 77 is the target demand for resource of the traded sector based on
long-term productivity levels. ¢, and e; are exogenous parameters that
regulate the sensitivity of substitution between inputs. pg, Wy and p,, are
the inflation rates of the price of resources, labour and imports respectively.
Equation 67 is important because it allows us to include prices in the
determination of the demand for productive inputs. Once prices are

explicitly included in the equation of #*, we can solve it for t;. More precisely,
__ PR™PR_,4

we rewrite pg = e and substitute it in equation 168:
R_1
T
= PR — PR - : (169)
1+ €o [( p _1) — ZjR_l] - ElAWT - ElAf)m
R_4

Next, we substitute p; with equation 166:

. Tr
F= (170)
1 +np)A +tg)Pr —DPr_, . . .
1+ ¢, < L—pr_, | — €1AWr — €,Apy,

pR_l

Now, with few simple manipulations, we can isolate t; on the left-hand side
of the equation:



L—1+4edWp +e0pm
c + Pr_, |Pr_{ T DPr_,

t. = -1 171
" (1 +np)Pr a7

Where Wy is nominal wage growth rate, p,, is the growth rate of import
prices and ¢, and ¢; are the exogenous parameters that regulate the
substitutability between productive inputs (see equation 67). The above
equation allows the variable t, to equalise the demand for resources with its
capped supply. In the PADME model, the actual equation for ¢, is:

tr, if t=rp
7ir , .
— —-——1+ ElAWT + flApm . 2
b L c + Pr_, |Pr_4 T Pr_, 172)
-1 if ©<r
(1 +np)Pr ! r

In other words, as long as the cap-and-trade policy is not introduced, t, =
t,_,, namely, t, is equal to its past value, which is initially zero.

7.2 The cap on resources embedded in imports

Importantly, the cap must be implemented both on domestic resource
consumption in the North and on Northern imports®. The cap on resources
embedded in imports is crucial to avoid inconsistencies. Indeed, the
introduction of a cap on domestic resource consumption in the North alone
would have the perverse effect of leading to the outsourcing of resource
extraction to the South.

Capping imports follows a similar process to that shown for domestic
resource production. In this case, the tariff rate t,, plays the crucial role of
reducing the demand for imports m until it matches the capped supply. The
only difference is that the cap is not directly on resources but on resources
embedded in imports 7,,,. Embedded resources in imports 1, are obtained by
dividing the quantity of real imports in the North m by resource productivity
of the traded sector in the South 75:

5 In the closed-economy version of PADME, the cap on resources embedded in imports is clearly
not present.



Tm = —< (173)

S
Where 5 = %, i.e., the resource productivity of the Southern traded sector
T
is the ratio between its real output s7 and its consumption of resources r;.
Like the price of allowances t,., the tariff rate t,, is the endogenous variable
that must adapt to guarantee the equality between (resource embedded in)

capped imports #,, and their demand r;,,. In other words, we have to solve the
following equality for t,,:

Tm = Tin (174)

Given that rp,, = %, namely resources embedded in imports are equal to real

imports m divided by resource productivity in the South 75 (equation 173),
we can rewrite equation 174 as:

m
’f'm = E (175)

Real imports m can be substituted with equation 151, thus:

. consy + gy +ictt +icy
fop = = (176)

Household and government real consumption of imports cons;* and g;' can
be substituted with equations 11 and 26 respectively:

m m
COPLS" + D +icyt +icp'

Equation 177 shows why deriving real consumption from nominal values
CONS' and G™ is necessary to model the cap. Indeed, this formulation
allows us to start from the equality in equation 174 and reach equation 177,
where the price of imports p,, is explicitly included. This is crucial because
the equation that determines p,, (156) is dependent on the tariff rate t,,. In
other words, after substituting equation 156 in equation 177, we can solve
7y, for the tariff rate t,,. Indeed:

CONS™  G™

S S
A En pxtm En pxtm
m = S
T

+ ictt + icpt

(178)

Once equation 178 is rearranged to isolate the tariff rate t,,, on the left-hand
side, we obtain the necessary condition to ensure that the demand for
imported resources matches the capped supply via adjustments in the tariff
rate:



CONST + G™

m= 7, ; ;
(Pt — i — icf)en P

(179)

Where CONS]' and G™ are consumption of imported goods by Northern
households and government respectively, ic* and ic}! represent the
imported intermediate consumption of the traded and non-traded sectors
respectively and ey p; is the Northern exchange rate times the export price
set by Southern exports. Basically, equation 179 means that if the demand
for imports exceeds the capped supply, the tariff rate t,, increases until the
former is equalised to the latter.

It is worth reiterating here that the equation for t,, can be derived only
thanks to consumption being modelled starting from nominal values
(Section 3). Specifically, this approach to determining consumption makes
the equality in equation 174 dependant on t,, as shown above.

The actual equation of the tariff rate in the model is:

tm_, if fin =My

CONSJ +G™ , (180)

(Fm® — icf* — icp)ey p3

That is, as long as the cap on imports is not introduced, 7, is bigger than n,
and thus t,, is equal to its past values, which is one in the steady state of the
baseline model (therefore the actual tariff rate is zero, see equation 35).

The last addition to the model is the inclusion of two conditional variables:
activate, and activate,,. Their starting value is zero. When the modeller
assigns them the value of 1, the cap on resources and on imports are
respectively activated.

The next subsection shows how we can isolate the allowances income once
the cap is working.

7.3 Allowances income and its allocation

Once the cap starts functioning, the income derived from the allowances can
be isolated as the income coming from the regulation of domestic resources
T, and the one coming from the regulation of imports T;,. Specifically, the
equation that allows to compute the former is:

Tr = t,(1 + ng)Prr (181)



Where t, is the price of allowances and (1 + ng)®g1y is the nominal sales of
resources. In other words, the income collected through the resource
allowances is equal to the quantity of resources sold times the price of
allowances — which, as explained above, can be interpreted as a tax rate.

Similarly, the income collected through the cap on imports T, is equal to
the tariff rate (t,, — 1) times nominal imports ey pym:

T, = ey pim(t, — 1) (182)

The way in which these two incomes are spent depends on the design of the
cap-and-trade, which is ultimately decided by the priorities of the
policymaker. For instance, the government could auction all the allowances
and use that income to repay its public debt or finance more research in
resource efficiency. Alternatively, the government could decide to distribute
the allowances to certain sectors for free, which is conceptually identical to
transferring part of the income above to those sectors.

It is worth showing how the model needs to be modified to allow for the
distribution of the allowances income to the firm sectors. First, we need to
introduce an exogenous parameter ¢,. The sum of the tax income collected
through the tariff T,,, and the cap T, can be defined as: T,q,, = T, + T,,. From
T,ap, We can obtain the subsidy given to the firm sectors Sub,,, as:

Subtor = £oTeap (183)

The value of ¢, can be interpreted as the share of allowances income that
the government is willing to freely distribute to the private sector.

Next, the subsidy is divided among the three sectors by the exogenous
parameters €1, €p, g

SubT = fTSubtot (184)
SubD = fDSubtot (185)
SubR = fRSubtot (186)

The sector-specific subsidies are then added (in bold) to the gross profits
Fr,Fp and R (equations 69, 102 and 108) of the traded, non-traded and
resource sector respectively:

FT = ST - WTNT - IC*]TIL - RT - iT—lLT—1 + SubT (187)
Fp =Sp —WpNp —ICE — IC) —ip_ Lp_, + Subp (188)
R = pRTR(l - tr) + SubR (189)

Where F; and Fj, are computed as the difference between nominal sales (S;
and Sp) and the cost of productive input plus interest payments



(ir_,Lr_,,ip_ Lp_,)- R is simply the revenue of the resource sector pgrz minus
the cost of allowances ¢,..

8 Modelling cooperative international policies

The PADME model is able to show cooperative policies between the two
regions. In particular, we model two transfers that can be implemented by
the North to help the South in coping with the new macroeconomic
environment generated by the North’s post-growth transition. Subsection
8.1 describes how we modelled a financial transfer to improve the financial
sustainability of the South. Subsection 8.2 shows a technology transfer
aimed at speeding up the technological development of the South.

8.1 Financial transfer

The financial transfer in the PADME model is designed to assist the
Southern government in dealing with the financial imbalances generated by
the post-growth transition in the North. Specifically, the North wants to
ensure that the public finances of the South remains sustainable. Therefore,
the former transfer money to the latter when the Southern public debt-to-
GDP ratio reaches the threshold that would trigger austerity measures (see
Section 3). The North then provides enough funding to the Southern
government to keep the ratio below the austerity threshold, thus avoiding
the contraction of fiscal spending and allowing the South to pursue
economic development. Clearly, this is only a modelling construction and
might not be replicable in the real world. Indeed, it is unlikely that the
developed world will target a specific level of debt for the countries in the
South. More likely, financial assistance would come from a variety of
financial instruments. However, this is a useful modelling construct to show
the importance of financial cooperation.

In order to finance the transfer, the Northern government can use a share of
the income collected through the tariff rate implemented for capping
imports. This would be ethically reasonable as the tariff rate undermines
Southern exports. Hence, giving to the South part of the money collected
through the import cap would avoid framing the tariff as an unfair
punishment for the Southern economy.

From a modelling perspective, introducing this international transfer
requires adding a new variable IT in the model. This is defined as an
endogenous share I of the tariff income T,,,:

IT = 1T, (190)



The variable IT has to be added to equation 37 (hence it is highlighted in
bold, see previous section), which determines the demand for new
government bonds BNS:

BYs = (GI, + BN; + i Bj) — (TN — IT + F[%) (191)
BSS = (G + B3] + i5_ B%) — (TS + &IT + Fy) (191.95)

Where GY, is government spending, BY§ is the lagged stock of government
bond supplied by the Northern government, i BY; are interest payments,
TV is total tax income and FZ; is central bank’s profits. The second equation
represents the same variables but for the South (hence the ‘S’ in the
equation number). Adding IT to both equations but with an opposite sign
reflects the nature of the financial transfer from the North to the South.

The endogenous parameter I is crucial to determining the actual amount of
finance that is transferred every period. Specifically, it is modelled to ensure
that the threshold of the debt-to-GDP ratio Debt, which would start the
austerity plan in the South, is never reached. Its equation is thus specified
in order to solve the following constraint:

BS

5= Debt (192)

In other words, the public debt-to-GDP ratio of the South i—z has to be equal

to the threshold level Debt. With some simple substitutions and rearranging
of variables®, we can obtain from equation 192 the following equation:

0o (GS +iB5; + BS,) — (DebtYS + TS + F&;)

e, (193)

Which guarantees that the equality in equation 192 is respected. Lastly, we
introduce a conditional operator to make sure that the transfer happens only

BS —
when o5 > Debt:

BS ____
0 if F < Debt
M= L (194)
(G5 +iB5, + BS,) — (DebtYS + TS +FS;) .. BS
if —z=Debt
gSTm YS

Having described the modelling mechanism through which we can simulate
the international transfer, we can now connect the technical part with a

(Gf,,,+3§‘1+i§_lBi§+eSIT)—(TS+F§B)

5 = Debt . Next, we
Y

6 We replace BS with equation 191.S and obtain:
(G +BSS +i§_ BSS +esTTm)—(TS+F5p)

5 = Debt.By rearranging this equation,

replace IT with equation 190:
we obtain the equation for II.



more narrative description of the policy. The first important point, briefly
mentioned above, is that the way in which the policy works is not meant to
be realistic, for there are no fixed thresholds for debt sustainability in the
real world and governments wouldn’t transfer money to other countries to
keep their debt-to-GDP ratio perfectly stable. Moreover, the North-South
cooperation would include a set of different policies such as more allocation
of grants to the South, forgiveness of larger shares of outstanding debt for
highly indebted countries, more generous extensions of concessional loans
to developing countries, less strict conditions attached to climate funding.
However, this modelling approach allows us to metaphorically represents
what would happen if the North was actively helping the South in dealing
with its fiscal and financial sustainability. Our policy can thus be seen as an
attempt to develop a proposal along the line suggested by Fenton et al.
(2014), that is, including debt relief programmes in the discussion on global
climate finance.

A further limitation of this modelling approach is that the financial transfer
is denominated in Southern currency. This is inevitable as there is no
foreign-denominated debt in the model. However, in the real world we
would expect developed countries to transfer dollars to the developing
world, as this currency provides a reliable means to access international
commodity and financial markets. Moreover, dollar-denominated debt is
often a key source of financial fragility and instability in developing
countries, as a sudden lack of access to dollar financing risks severely
hindering the ability of those nations to repay their foreign-denominated
debt. Therefore, dollar transfers would probably constitute a major relief for
many distressed low-income economies.

8.2 Technology transfer

A further cooperative policy that can be introduced in the PADME model is
a technology transfer. This policy is an attempt to speed up the
improvement in resource productivity of the South so that it can accelerate
its transition towards a sustainable economy. Here, the technology transfer
is modelled as a transfer of physical capital from the North to the South.
Indeed, we have shown in Section 4 that technology is embedded in capital
and thus that is the only way through which the higher resource and labour
productivities embedded in Northern capital can be passed to the other
region. In addition, we focus on the traded sector as this is the only sector
in the model directly consuming resources. Importantly, the technology
transfer can only work in the PADME model if the two regions are calibrated
in such a way that their resource and labour productivities are different —
with the North being technologically more advanced.



The technology transfer is partly financed through the direct transfer of
money from the Northern government to the Southern traded sector in the
form of grants and partly through a financial scheme inspired by the
‘Climate Justice Facility’ (CJF) proposal in Dafermos (2023). The financial
scheme deserves more attention than the grants provided by the Northern
government as its structure is quite sophisticated from a monetary
perspective. We first describe our proposal and then explain how it differs
from the original idea in Dafermos (2023).

Figure 4 provides a graphical illustration of how the scheme works. The
Northern central bank purchases interest-free perpetual bonds issued by the
Southern central bank by creating new money. The Southern central bank
lends this money to the Southern traded sector in the form of interest-free
perpetual loans. The Southern traded sector then purchases the more
productive Northern capital from the Northern traded sector. All of these
transactions are made in the Northern currency as this is the currency that
the Northern central bank can create. Moreover, it is a more realistic way to
frame the technology transfer as the purchase of capital and technology
would probably happen in dollars.

.
[Fe~] North currency
>
<

= = =|perpetualbond & =
North P South

central bank

central bank

Perpetual = —=. North
loans —x currency
m )<l(
l North capital
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North traded [Ce~] North currency South traded
sector sector

Figure 4: Illustration of the scheme that relies on money creation to partially finance

the technology transfer to the South: The Northern central bank purchases perpetual

bonds issued by the Southern central bank through the creation of new money. This is

then lent to the Southern traded sector in the form of perpetual loans. This sector uses
the funding to buy the more productive Northern capital.



Figure 5 illustrates and describes the changes to the balance sheet of the
different actors involved in the financial scheme. The most notable aspect
is that the reserves created by the Northern central bank end up being held
by the Northern banking sector. Moreover, even if we show that the
Northern traded sector is the last recipient of the money, the revenue gained
by the Northern traded sector is either spent to pay input costs, taxes and
interest on debt or is distributed as profits. Ultimately, these flows increase
the net wealth of the Northern household sector, which is held in the form
of deposits in the Northern banking sector. In other words, while the South
accumulates productive, physical capital, the North accumulates financial
wealth. These changes are shown in Appendix B for the balance sheet and
transaction matrices.

Northern Central Bank Southern Central Bank
STAGE 1
+CJ Bonds +Reserves +Reserves +CJ Bonds
Southern Central Bank Southern Traded Sector
STAGE 2 +Reserves +CJ Bonds +Deposit +CJ Loans
+CJ Loans +Deposit
Southern Traded Sector Northern Traded Sector
+Bepostt +CJ Loans +Net Wealth
captiat
+Advanced +Deposit
STAGE 3 capital
Southern Central Bank Northern Banking Sector
+Reserves +CJ Bonds +Reserves +Deposit
+CJ Loans +Bepeosit

Figure 5: Balance sheet changes resulting from the financial scheme developed to fund
a share of the technology transfer.

The following description of the changes in the balance sheet of the different sector
includes realistic steps that are not necessarily simulated in the model.

STAGE 1. The Southern central bank issues Climate Justice (C]) bonds that are bought
by the Northern central bank through money creation. The creation of new money
means that the Northern central bank injects new reserves in the monetary system by
opening an account on its balance sheet for the Southern central bank.



STAGE 2. The southern central bank makes Climate Justice (C]) loans to the Southern
traded sector. This involves the southern central bank opening up ‘deposit accounts’
for the Southern traded sector denominated in northern currency on its balance sheet.

STAGE 3. The Southern traded sector purchases advanced capital from the Northern
traded sector. This leads to a reduction in the balance of the Southern traded sector’s
deposit account at the Sothern central bank and an increase in the balance of the
northern traded sector’s deposit account with the northern banking sector. To facilitate
this transaction, the Southern CB transfers an equivalent quantity of northern CB
reserves to the northern banking sector.

Our policy differs from the original proposal in Dafermos (2023) in several
ways. First of all, he advocates for the creation of an international fund,
dubbed the ‘Climate Justice Facility’ (CJF), which would issue perpetual
loans with zero or very low interest rates that would be purchased by the
central banks of the developed world. The fund would then lend the money
as perpetual loans to developing countries which are facing high economic
damages as a result of climate change. In our model, given that there are
only two regions, there is no need to introduce a new coordinating entity
and we thus assume that the two central banks collaborate directly.
Secondly, Dafermos suggests implementing the CJF to help developing
countries that are facing high economic costs due to climate change.
Instead, we model the financial scheme to finance the transfer of advanced
capital to the South. While Dafermos’ idea implies using the fund for
idiosyncratic risks, we assume that this financial mechanism could be
applied over much longer time horizons.

The modelling of the technology transfer requires several changes to the
equations of the PADME model. Again, the variables that are added to
preexisting equations are represented in bold characters to improve
readability.

The total amount of funding TT that is provided to the South to purchase
Northern capital is determined as an exogenous share v, of real investment
in the South inv® multiplied by the price of the Northern capital p;. This
modelling choice allows us to target a value that is directly related to
investment and thus avoids the risk of having too much or not enough
capital flowing into the South. The equation is:

TT = Urr " D1 ° iTle (195)

A share of TT is financed through the income collected by auctioning the
resource and import allowances in the North. Another share is funded by the
Climate Justice (CJ) financial scheme described above. These two sources of
financing prevent the overburdening of the Northern central bank balance



sheet with perpetual bonds and simultaneously take some pressure off the
Northern government finances. The split is exogenously determined by the
parameter v¢;:

CJS = v, TT (197)

Here CJ* is the yearly supply of new bonds created by the Southern central
bank while G is the share financed by Northern tax income. Gy is then
added to the Northern government deficit equation 191:

BS = (Geor + BSy +iy_ BS1) — ((T — IT—Gyp) + Fep) (198)

Where (Gyor + BS, +i,_, BS;) represents total government expenditure and
include yearly government spending G;,;, the repayment of previous
government debt BZ; and associated interest payments iy BZ%;. (T —
IT—Grr) + Fcp represents government inflows such as taxes T and central
bank profits Frz. Gy (as well as IT as explained in the previous section) is
recorded as a reduction in income for the government sector as the transfer
of money is funded by allocating less tax revenue to repaying public debt.

The issuing of bonds C/° by the Southern central bank requires updating and
adding several equations.

The stock of perpetual bonds issued by the Southern central bank is:
B¢y =By, +CJ° (199)

The yearly supply CJ° is matched with an equal demand €J¢ by the Northern
central bank:

Ccj* =CJ*® (200)

Similarly, the total stock of supplied bond is identical to the total stock of
demanded bonds:

Bg] = B¢, (201)

After receiving the money from the Northern central bank, the Southern
central bank uses it to extend loans CJ7 to the Southern traded sector’.
Accounting consistency requires that the supply of loans is equal to the
supply of bonds:

C]z =CJ° (202)

7 In reality, the Southern banking sector would be the intermediary between the central bank and
the traded sector, as firms cannot bank with the central bank directly. We adopt this approach here
for the sake of simplicity. It is possible to add banks as intermediaries but it would not change the
effects of the policy in any meaningful way.



The stock of these loans Lg; is:
Lgy = Lgy_, +CJ7 (203)

The credit obtained by the Southern traded sector is represented as a
demand for loans CJ¢ and is equal to the supply of loans CJ3:

Cjf = CJ3 (204)
The stock of demanded loans L% ; is equal to the stock of supplied loans Lg;:

The total amount of funding TT received each year through the Southern
central bank /¢ and the Northern government Gr; is used to purchase
Northern capital invy; at its Northern price p;:
TT
ianT = — (206)
pr
The equation determining the Southern total capital stock (equation 48) was
previously specified as new investment inv7 plus the old capital stock k7.
minus depreciation (Sk%_l. Now we add the new capital bought from the
North inv;r. Hence, equation 48 becomes:

ki = (1= 8)ki | +invi + invyy (207)

The capital transferred from the North adds to the investment of the South
invy and does not explicitly replace it. However, as the capital stock
becomes bigger relative to sales, domestic investment is partly reduced.
Overall, this effect is small because the boost in productivity provided by the
Northern capital accelerates sales and output growth.

The purchase of capital by the Southern traded sector invyy has to be
registered as new sales for the Northern traded sector. Thus, its real sales
equation 41 changes to:

sy = cons + g7 +ich + invy + invy + invg + xp + invpp (202)

Where cons} + g7 + ic}) are the sales to the Northern domestic market,
invy + invp + invyg are sales of capital goods and x represents exports.

Dafermos (2023) suggests making the perpetual bonds interest free in line
with climate justice ethos. Nonetheless, we add an interest rate on CJ° to
increase the number of possible scenarios. The profits-before-tax equation
69 of the Southern traded sector is changed to take into account new interest
payments ic;_ L% :

Ff = S§ —WFNf — ICi™ — R7 — if_ L} — &sigy LYy, (208)



Where S3 is total nominal sales and W2 N3, IC3™, R5 are input costs (wages,
intermediate goods and resources respectively) and i%_lLs}_1 is interest

payments on the debt stock of the sector.

Similarly, equation 138 — which determined the profits of the central bank
— was previously computed as the difference between the inflows of interest
payments on government bonds ig_lng_l and the outflows of interest
payments on reserves ip, ,HHcp_,. Now, the equation has to change so the
Southern central bank includes interest payments received from the traded
sector &sic;  Lg;_, and paid to the Northern central bank sic; B¢, . :

Fég =iy B%_ +&sicy LEy . —inn_HHcp_, — €sicy_BYy_, (209)

Equation 138 of the Northern central bank was identical to that of the
Southern central bank. Now, it has to include the interest payments received
from the Southern central bank i, ]_13‘5]_1:

FCB = ig_lBgB_l + ic]_lBg]_l - ihh_lHHCB_l (210)

Once these equations are in place, the value of the interest rate i¢; can be
changed to zero in order to replicate Dafermos’ proposal.

Lastly, in the previous version of the PADME model, the central bank
reserves were matched by an equal amount of government bonds on the
asset side thanks to equation 135, which determined the central bank’s
demand for government bonds. Now that the Northern central bank holds a
new type of asset, namely the perpetual bonds issued by the Southern
central bank, equation 135 needs to adjust in order to ensure that total
assets equalise total liabilities. Therefore, the demand for government
bonds B¢; becomes equal to the total amount of reserves HH.z minus the
demand for perpetual bonds Bg]:

B¢; = HH¢p — B, (211)
This set of changes ensures that the model is stock-flow consistent.

There is another change to the equations of the PADME model that is not
directly related to stock-flow consistency. This concerns the way in which
the input productivities of the South change as a result of the new Northern
capital adopted for production. Equations 54 and 56 were used to compute
the weighted average of the labour and resource productivity A3 and w3
embedded in new and old capital. We have to add to this weighted average
the new labour and resource productivities A75" and n7%" associated to the
Northern capital invyy:

o M, U, — 8kE) + A (invf) + A5 (invry)

T S
kr

(212)



ns (ki — k3 ) + m3ne™ (invs) + ¥ (invyr)

kq

Ty = (213)
Where 27 (k7 —6k7 ) and w7 (ki —6k7 ) represent labour and
resource productivity respectively weighted by the old capital stock.
7% (invy) and w""(invy) represent new labour and resource
productivity associated with new investment in Southern capital. Equations
54 and 56 only use these old and new productivities to compute the weighted
average of labour and resource productivity (13 and m3 respectively) for the
traded sector, while equations 212 and 213 include the Northern
productivities 175" and 7}¢" weighted by the new capital imported from the
North invyy.

The new productivities A7%" and n7%" are modelled to replicate the learning-
by-doing dynamics typical of new technological acquisitions. In other
words, the Northern capital does not immediately become as productive as
it is in the North when it is transferred to the South. Southern companies
learn how to maximise its productive potential only after several periods.
The equations of A7%" and #}%" make sure that this effect is reproduced
through a simple partial adjustment function:

B = 2+ (A - 24, 2149
Y = i e (Y - ) (215)

This adjustment mechanism is governed by the exogenous parameter yurr,
which determines the speed at which the productivity levels associated to
the Northern capital (17" and n7¢") are fully exploited by Southern
companies. The value of u;r is chosen to simulate a reasonably fast
integration of the new technology.

An important clarification needs to be made regarding import productivity.
The traded sector has three non-capital productive inputs: labour, resources
and imports (Section 4, Subsection 4.1). Each input has an associated
productivity embedded in capital. As can be noted above, import
productivity has been excluded from the technology transfer. This exclusion
is justified by the fact that Northern imports are produced in the South.
Therefore, it does not make sense to change the import consumption of the
Southern traded sector in accordance with the import requirements of the
Northern traded sector, because it would mean that the South would change
its import requirements to goods that are actually produced in the South
itself.

This issue complicates the overall discussion around technology transfer as
the high level of resource productivity in the global North might be partially
attributed to offshoring. Though it is indisputable that the developed world



is more resource efficient even once we take into account imported goods,
the possibility of fully transferring its resource productivity gains to the
developing world remains unclear. However, in this model we shy away from
this complicating issue and assume that the implementation of new
technological capital from the North only affects labour and resource
productivities.

9 Conclusion

This working paper has thoroughly described PADME, a novel 2-region SFC
model developed to investigate the issue of post-growth in an international
context. We have highlighted some of its original features such as the
sectoral structure, cost-induced technological change and its novel
investment function. These, among many others, have been introduced to
better investigate important aspects of a post-growth transition. In
particular, the PADME model is able to simulate a cap-and-trade system
imposed on domestic and imported resources in one region (the North),
which is a promising policy to start a post-growth transition. Moreover, the
international side of the model allows us to explore cooperative policies
between the North and the South. Again, important characteristics
introduced in the model such as technology embedded in capital and a
detailed financial system are fundamental to simulate the financial and
technology transfer that have been described in the previous section. The
purpose of this working paper was to cover in detail the structure of PADME
so that future works based on this model will not require a thorough
description of it. The interested reader can access this work to have an in-
depth understanding of the functioning of the model. Future simulations
include a scenario analysis of the cap in the closed-economy PADME, a
scenario analysis of the introduction of the cap in the North while the South
keeps developing (2-region PADME), the study of a cooperative post-growth
transition where the North transfers financial and technological resources
to the South.
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Appendix
A.1 Notation used in the model

Variables represented with Latin letters

Nominal Real

ASSETS Total assets held by the banking sector
B Bonds
CAB Current account balance
cJ Climate Justice bonds
CONS cons  Consumption
D Deposits
Debt Public Debt-to-GDP ratio
E Employment rate
F Profits
FE Full employment
G g Goverment spending
HH Centrall banks’s reserves
IC ic Intermediate goods
INV inv  Investment
IT International transfer
K k Capital
KAB Financial account balance
L Loans
M m Imports
N Number of employed workers
OF Banking sector’s equity/own funds.
Q Population
R r Resources
R&D, 4ti0 R&D expenditure-to-GDP ratio

S s Sales



Variables represented with Latin letters

Sub

T

T

wh

Government subsidies
Tax income
Technology transfer
Wealth

Wages

Exports

Gross value added
Nominal disposable income
Interest rate

Prices

Tax rate

Working hours

Variables represented with Greek letters and other symbols

g
Wr

Qo

Bo

Ko

Ky

Vo

So

Ty

Resource sector’s unitary costs.
Partial adjustment parameter.

Partial adjustment parameter

Partial adjustment parameter

Parameter that weights the importance of past real sales for the
determination of target sales.

Parameter that weights the importance of past real profits for the
determination of target sales.

Parameter translating investment in labour-saving technology in a
growth rate for labour productivity.

Parameter determining the intensity of the impact that a change in
interest rates has on capitalists’ consumption.

Parameter translating investment in intermediate good-saving
technology in a growth rate for intermediate good productivity.

Parameter translating investment in resource-saving technology in
a growth rate for resource productivity.



Variables represented with Greek letters and other symbols

So

G1

Exogenous steady state growth rate for government spending.
Partial adjustment parameter

Parameter that determines the allocation of public subsidies to the
different sectors.

Share of government spending devoted to R&D activities

Parameter that determines the share of tariff income allocated to the
international financial transfer.

Research and development income

Coefficient determining the share of consumption devoted to non-
traded goods.

Coefficient determining the share of consumption devoted to non-
traded goods.

Capital depreciation rate.
Exchange rate
Mark-up

Coefficient determining the share of disposable income devoted to
consumption.

Parameter that regulates the speed of change in the policy rate by the
central bank to a change in inflation.

Output-capital ratio

Labour productivity.

Partial adjustment parameter.
Intermediate goods productivity.
Resource productivity.

Parameter determining the amount of reserves held by banks as a
share of deposits.

Government spending growth rate

Parameter that weights the importance of the exchange rate and
domestic and foreign prices for the determination of the export price.

Parameter determining the amount of equity held by banks as a share
of total loans.

Parameter determining the share of tariff income allocated to the
technology transfer.



Variables represented with Greek letters and other symbols

Coefficient determining the public unemployment benefit as a share

of average wages.

Parameter that weights the importance of unemployment and labour

productivity for the determination of the target real wage.

Parameter determining the level of substitutability between different

productive inputs.
Share of investment financed by retained profits.

Parameter determining the amount of international
purchased by by banks as a share of their total assets.

Shares of R&D spending allocated to different technologies.

Labour share

Superscripts and subscripts

av

CB

a

ds

hh

ic

inv

Average

Banking sector
Capital income
Central Bank
Climate Justice
Non-traded sector
Subscript: Deposits.
Superscript: Demand for an asset.
Domestic sales
Firms

Government sector
Growth rate
Household sector
Reserves
Intermediate goods
Investable

Capital

bonds



Superscripts and subscripts

m

up

ws

Imports

North region
Labour

New

Resource sector
Resources

Research and Development
South region
Supply of an asset
Traded sector

Total

Technology transfer
Undistributed
Upper threshold
Wages

Welfare state
Exports

Labour share



A.2 Model calibration

The structure of this section follows the structure of the description of the
PADME model. Hence, the values of the parameters of the household sector
are introduced first (Error! Reference source not found.), then those of
the government sector (Table A. 1), firms sector (Table A.2), banking sector
and central bank (Table A. 4) and lastly of the R&D module (Table A.4) and
labour market (Table A.5).

Table A. 1 Household Sector

Exogenous parameters

Symbol Description Value Justification/source.
Adjustment All the adjustment
parameter that parameters have been
determines the speed calibrated following the SFC

u at which nominal 0.2 literature, which generally
0 consumption of the ) attributes them values
non-traded good between 0.1 and 0.2 (Godley
moves towards its real and Lavoie, 2007; Dafermos
target value. etal., 2017).
Adjustment
parameter that
determines the speed Selected from a reasonable
8 at which nominal 0.2 range of values generally
0 consumption of the ) attributed to adjustment
imported good moves parameters (see a;).
towards its real target
value.
Based on Eurostat data,
Households’ real households’ share of
a target threshold for 0.575 consumption of services is
H consumption of the ) approximately half of total
non-traded good. consumption (Gerstberger
and Yaneva, 2013).
Households’ real Householq final .
. consumption of imported
target consumption .
. good is around 15% of real
for the imported . .
g00d. consumption according to
_ OECD data (OECD, 2023a).
By 0.125



0,

Ay

Bu

Propensity to
consume out of wage
income.

Propensity to
consume out of
wealth

0.05

Theoretical value based on
post-Keynesian (typically
Kaleckian) models. Also,
very close to empirical
estimates of the average
propensity to consume of
low-income households
(Fisher et al., 2020).

In most recent SFC models,
the value of this parameter
range from 0.03 (Brochier
and Silva, 2019) to 0.1(Dunz
et al., 2021). This value has
been chosen as it is the same
in Jackson and Jackson
(2021) and Naqvi and
Stockhammer (2018).

Endogenous parameters

Propensity to
consume out of
capital income.

Share of household
nominal consumption
devoted to the non-
traded good.

Share of household
nominal consumption
devoted to the non-
traded good.

0.5

0.62

0.65

Based on empirical
estimations of high-income
households’ propensity to
consume in Fisher et al.
(2020). The simplifying
assumption here is that the
capitalist class constitutes
the richest part of the
population and thus their
propensity to consume is
lower than that of other
households.

Selected to obtain a real
consumption of the non-
traded good around 50% of
total consumption
(Gerstberger and Yaneva,
2013).

Selected to obtain a real
consumption of the
imported good around 15%
of total consumption. Based
on OECD data (OECD,
2023a).



Sensitivity of the
propensity to
consume of capitalists
to the interest rate on
deposits.

Table A. 1 Government Sector

Selected from a reasonable
range of values. By
reasonable I refer to a value
that allows for a moderate
reaction of consumption to
interest rate changes as
highlighted in the empirical
literature (Agarwal et al.,
2021).

Exogenous parameters

Tax rate on capital
income.

Tax rate on firms’
gross profits.

Tariff rate on imports.

Tax rate on wage
income.

Government real
target consumption
for the non-traded
good.

Government real
target consumption

for the imported good.

Share of average
nominal wage paid by
the government as
unemployment
insurance.

0.2

0.2

0.3

0.575

0.125

0.6

Based approximately on an

average of the countries

included in the OECD tax

database (OECD, 2023b).

Based approximately on an

average of the countries

included in the 2021 report
on corporate tax rate of the

Tax Foundation (Enache,
2022).

Given the specification of
equation 35, 1 means that
the actual tariff rate is zero

in the steady state.

Based approximately on an
average of the countries in

the OECD tax database
(OECD, 2023Db).

Selected to mirror

households’ consumption

parameters.

Selected to mirror

households’ consumption

parameters.

Based on an average of
OECD countries (OECD,
2024).



Debt

So

¢1

ag

Bs

Target threshold for
the public debt-to-
GDP ratio after which
the government starts
to cut down its
expenditure.

0.8

Growth rate of

government

expenditure when the

public debt-to-GDP

ratio is within 0.01
sustainable limits

(which are defined by

an exogenous

threshold).

Adjustment

parameter that

determines the speed

at which government 0.05
cuts its expenditure to

reach financial

sustainability.

Endogenous parameters

Share of government
nominal consumption

devoted to the non- 0.62
traded good.

Share of government
consumption devoted 0.65

to the traded good.

Table A.2 Firms Sector

Wr

Exogenous parameters

Adjustment parameter
for the unit costs of the 0.2
resource module.

Regardless of the
controversy around the
empirical evidence, the work
of (Reinhart and Rogoff,
2010) has popularised the
idea that 90% is generally
considered a sensible
threshold after which public
debt becomes harmful for
the economy. Hence, the
assumption is that the
government tries to reduce
expenditure when the ratio
gets close to that number.

Chosen to match the growth
rate of labour productivity in
the steady state.

Selected from a reasonable
range of values to guarantee
the stability of the model.

Selected to mirror the
parameters in the household
sector.

Selected to mirror the
parameters in the household
sector.

Selected from a reasonable
range of values generally
attributed to adjustment
parameters (see ).



D)

Nr

nr

01

Mark-up over unit
costs of the non-traded
sector.

Mark-up over unit
costs of the resource
module.

Mark-up over unit
costs of the traded
sector.

Sensitivity of the
export price to the
exchange rate and the
other country domestic
price.

Sensitivity of the
actual use of an input
to changes in its own
price.

Sensitivity of the
actual use of an input
to changes in other
input prices.

Depreciation rate of
real capital.

0.35

0.3

0.45

0.5

0.1

0.05

0.06

The value of the mark-ups
are selected to obtain a
realistic distribution
between capital and labour,
i.e., the labour share is
between 55% and 60% of
GDP (ILO, 2020). Moreover,
they ensure that the profit
rates of the different sectors
are approximately the same.
Empirical evidence cannot
be used here as estimates of
mark-ups do not match the
formulation in this model
(Oliveira Martins et al.,
1996; Thum and Canton,
2015).

Empirical evidence on
exchange rate pass-throughs
shows that movements in
exchange rates are never
fully reflected in import
prices (Menon, 1995; Ozyurt,
2016). Thus, any pass-
through is incomplete.
Estimates vary widely both
for countries, sectors and
periods of time. The choice
here is made to easily obtain
identical, symmetrical
economic regions. Hence,
this value is primarily
chosen in terms of
theoretical convenience, but
still accounts for a well-
established fact in the
literature.

Selected from a reasonable
range of values. This value
allows for a modest
substitution effect as shown
in Sue Wing (2008).

Selected from a reasonable
range of values. See €.

Estimates vary between 4%
and 10% (Dafermos et al.,
2017; Jackson and Victor,
2015; Nadiri and Prucha,
1996).
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Output-to-capital ratio
for the firms sector.

Weight attached to real
sales for determining
desired sales of the
firm sectors.

Weight attached to real
profits for determining
desired sales of the
firm sectors.

Partial adjustment
parameter for the
investment function of
the non-traded sector.

Partial adjustment
parameter for the
investment function of
the traded sector.

Share of investment
financed by own funds
of the traded sector.

Share of investment
financed by own funds
of the non-traded
sector.

Endogenous parameters

Unit costs of the
resource module.

0.6723

0.95

0.2

0.1

0.1

0.75

0.75

0.5

Selected from a reasonable
range of values. This allows
to obtain a stable steady
state, though the capital-to-
output ratio is slightly below
the value suggested by the
empirical evidence.

These two weights have
been chosen so that the
impact of interest rate
increases on investment is
relatively feeble (a 100 basis
points increase in the policy
rate leads to a decrease of
aggregate investment
growth rate by 0.45% in one
period). This is in line with
empirical evidence showing
that changes in interest
rates have mild impacts on
real investment (Sharpe and
Suarez, 2015).

This value is in line with
those traditionally used in
SFC models (Godley and
Lavoie (2007), Jackson and
Jackson (2021)).

This value is in line with
those traditionally used in
SFC models (Godley and
Lavoie (2007), Jackson and
Jackson (2021)).

Empirical evidence shows
that internal financing is
extremely different from
country to country (Beck et
al., 2008). This value is taken
as an average of the different
estimates found in Beck et
al. (2008).

Initial value selected to
produce a stable steady
state.



Table A.3 Banking Sector and Central Bank

bo

Mo

M

N2

M3

Exogenous parameters

Parameter that
determines the level
of reserves of the
banking sector as a
share of deposits.

Parameter that
determines the level
of own fund of the
banking sector as a
share of loans lent to
the firms sector.

Share of banks’ asset
invested in foreign
bonds.

Banks’ mark-up added
to the policy rate to
determine the interest
rate on loans.

Lower bound for a 1-
period change in the
mark-up on loans.

Parameter that
regulates the
sensitivity of the
mark-up on loans to
changes in the credit
risk of firms.

Upper bound fora 1-
period change in the
mark-up on loans.

0.05

0.08

0.15

0.03

-0.01

0.0005

0.02

Before the widespread use of
Quantitative Easing, the
ratio of reserves over total
assets was close to zero in
many developed countries
(IMF, 2022). Developing
countries have generally had
higher reserve-to-assets
ratio given the high reserve
requirements imposed there
(Gray, 2011). The value is a
rough average of the pre-QE
ratios in developed and
developing countries.

The minimum capital ratio
as set out in the guidelines
of Basel 3 (BIS, 2019).

Roughly based on an average
of the estimates presented in
Bouis (2019).

Roughly based on averages
estimated by the Banque de
France (2024) and ECB
(2024a).

Selected from a reasonable
range of values. The
rationale here is to have
parameter values that are
sufficiently stable.
Otherwise, the model could
have unrealistic fluctuations
and might crash.
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b

Mark-up over the

interest rate on

reserves that allows to 0.005
determine the interest

rate on deposits.

Mark-up over the

interest rate on

reserves that allows to 0.02
determine the interest

rate on bonds.

Sensitivity of the
central bank’s policy
rate to a decrease of
the domestic inflation
rate above its target
level.

0.6

Sensitivity of the
central bank’s policy
rate to a decrease of
the domestic inflation
rate below its target
level.

0.3

Table A.4 R&D Module

Exogenous parameters

Share of profits of the
non-traded sector 0.05
allocated to R&D.

Share of government
spending allocated to 0.025
R&D.

Roughly based on ECB
(2024b) data.

Selected from a reasonable
range of values.

Traditionally, the theoretical
value has been 0.5
(Bernanke, 2015). Empirical
evidence seems to suggest a
higher coefficient (Castro,
2011), but in the after-
pandemic environment
interest rate have reacted
much more sluggishly (Ross,
2022). Therefore, 0.6 seems
sensible as an average of old
and new findings.

Empirical evidence shows
that central banks react less
quickly when inflation rate is
below their target level
(Martin and Milas, 2004;
Castro, 2011). Thus, the
choice of i; < ¢,.0.3is also
close to Martin and Milas’
(2004) estimate.

The values of these three
parameters are chosen to
obtain two empirically
reasonable outcomes.
Firstly, that total R&D
expenditure-to-GDP ratio is
approximately 2% (UIS,
2023). Moreover, that the
share of R&D funded by the
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So

&
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Share of profits of the
traded sector 0.05
allocated to R&D.

Parameter that

regulates the speed

with which the supply 0.2
of labour for R&D

activities increases.

Sensitivity of the

labour productivity

growth rate to 0.1
changes in the level of
investment in R&D.

Sensitivity of the
intermediate good
productivity growth
rate to changes in the
level of investment in
R&D. The
intermediate good
here refers to the use
of the imported good
by the traded sector.

0.1

Sensitivity of the
intermediate good
productivity growth
rate to changes in the
level of investment in
R&D. The 0.1
intermediate good
here refers to the use
of the domestic traded
good by the non-
traded sector.

Sensitivity of the
intermediate good
productivity growth
rate to changes in the
level of investment in
R&D. The 0.1
intermediate good
here refers to the use
of the imported good
by the non-traded
sector.

government is around 35%
of the total (Eurostat, 2024).

Selected from a reasonable
range of values. The
rationale here is to have a
value that allows the real
output of R&D activities to
grow at a sensible rate in the
long run even if full
employment is reached in
the short run.

Selected from a reasonable
range of values. The value
here is chosen so that higher
labour productivity reacts in
a realistic way to new
investment in R&D.

Selected from a reasonable
range of values. The
rationale is the same as
above for labour
productivity.

Selected from a reasonable
range of values. The
rationale is the same as
above for labour
productivity.

Selected from a reasonable
range of values. The
rationale is the same as
above for labour
productivity.



Ty

D
€00

T
Qo0

D
Q01

T
Qo1

D
Qo2

T
Qo2

Sensitivity of the
resource productivity
growth rate to
changes in the level of
investment in R&D.

Portfolio parameter
that determines the
sensitivity of R&D
spending to the
inflation rates of the
productive inputs in
the non-traded sector.

Portfolio parameter
that determines the
sensitivity of R&D
spending to the
inflation rates of the
productive inputs in
the traded sector.

Portfolio parameter
that determines the
sensitivity of R&D
spending to the
inflation rates of the
productive inputs in
the non-traded sector.

Portfolio parameter
that determines the
sensitivity of R&D
spending to the
inflation rates of the
productive inputs in
the traded sector.

Portfolio parameter
that determines the
sensitivity of R&D
spending to the
inflation rates of the
productive inputs in
the non-traded sector.

Portfolio parameter
that determines the
sensitivity of R&D
spending to the
inflation rates of the
productive inputs in
the traded sector.

0.1

1.5

1.5

1.5

1.5

Selected from a reasonable
range of values. The
rationale is the same as
above for labour
productivity.

Selected from a reasonable
range of values. This makes
the different productivities
responsive to changes in
inflation rates. Otherwise,
the effect would be too small
to significantly affect the
model.

Selected from a reasonable
range of values. See above.

Selected from a reasonable
range of values. Again, this
makes the different
productivities responsive
enough to changes in
inflation rates

Selected from a reasonable
range of values. See above.

Selected from a reasonable
range of values. See above.

Selected from a reasonable
range of values. See above.
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D
011

011

D
012

Share of non-traded
sector R&D spending
devoted to labour
productivity.

Share of traded sector
R&D spending
devoted to labour
productivity.

Portfolio parameter
that determines the
sensitivity of R&D
spending to the
inflation rates of the
productive inputs in

the non-traded sector.

Portfolio parameter
that determines the
sensitivity of R&D
spending to the
inflation rates of the
productive inputs in
the traded sector.

Portfolio parameter
that determines the
sensitivity of R&D
spending to the
inflation rates of the
productive inputs in

the non-traded sector.

Portfolio parameter
that determines the
sensitivity of R&D
spending to the
inflation rates of the
productive inputs in
the traded sector.

Portfolio parameter
that determines the
sensitivity of R&D
spending to the
inflation rates of the
productive inputs in

the non-traded sector.

0.9

0.9

1.5

1.5

1.5

Selected to allow fora 1%
productivity growth rate of
labour. Given that the
growth rate of the model is
1%, this allows to obtain a
stable employment rate in
the steady state.

Selected from a reasonable
range of values. See above.

Selected from a reasonable
range of values. See above.

Selected from a reasonable
range of values. The idea
behind the values of all the
parameters in the portfolio
allocation equations is to
provide a sufficiently
responsive reaction of R&D
activities to changes in input
prices.

Selected from a reasonable
range of values. See above.

Selected from a reasonable
range of values. See above.



T
012

D
020

T
020

021

T
021

Portfolio parameter
that determines the
sensitivity of R&D
spending to the
inflation rates of the
productive inputs in
the traded sector.

Share of non-traded
sector R&D spending
devoted to import
productivity.

Share of traded sector
R&D spending
devoted to import
productivity.

Portfolio parameter
that determines the
sensitivity of R&D
spending to the
inflation rates of the
productive inputs in

the non-traded sector.

Portfolio parameter
that determines the
sensitivity of R&D
spending to the
inflation rates of the
productive inputs in
the traded sector.

Portfolio parameter
that determines the
sensitivity of R&D
spending to the
inflation rates of the
productive inputs in

the non-traded sector.

Portfolio parameter
that determines the
sensitivity of R&D
spending to the
inflation rates of the
productive inputs in
the traded sector.

1.5

0.05

0.05

1.5

1.5

1.5

1.5

Selected from a reasonable
range of values. See above.

Selected to allow for a 0%
productivity growth rate of
imported inputs. This
simplifies a lot the
possibility to reach a stable
steady state.

Selected from a reasonable
range of values. See above.

Selected from a reasonable
range of values. See above.

Selected from a reasonable
range of values. See above.

Selected from a reasonable
range of values. See above.
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0322

T
022

GD

Qic

GT
Qic

GD

Om

Portfolio parameter

that determines the

sensitivity of R&D

spending to the 3
inflation rates of the

productive inputs in

the non-traded sector.

Portfolio parameter

that determines the

sensitivity of R&D

spending to the 3
inflation rates of the

productive inputs in

the traded sector.

Share of non-traded

sector R&D spending

devoted to domestic 0.05
traded good

productivity.

Share of traded sector
R&D spending
devoted to resource
productivity.

0.05

Share of government
R&D spending
devoted to the
productivity of
intermediate goods in
the non-traded sector.

0.05

Share of government

R&D spending

devoted to import 0.05
productivity of the

traded sector.

Share of government

R&D spending

devoted to import 0.05
productivity of the

non-traded sector.

Selected from a reasonable
range of values. See above.

Selected from a reasonable
range of values. See above.

Selected to allow for a 0%
productivity growth rate of
intermediate inputs. See
above.

Selected to allow for a 0%
productivity growth rate of
resources. This is line with
empirical evidence at the
global level (IRP, 2017).
There are clearly differences
in resource efficiency growth
rates between North and
South, but this assumption
allows us to obtain a stable
steady state.

Selected to allow for a 0%
productivity growth rate of
intermediate inputs. See
above

Selected to allow for a 0%
productivity growth rate of
imported inputs. See above.



GD

On

GT

On

GT

or

gt
/‘{R&D

Share of government

R&D spending

devoted to labour 0.9
productivity of the

non-traded sector.

Share of government

R&D spending

devoted to labour 0.9
productivity of the

traded sector.

Share of government

R&D spending

devoted to resource 0.05
productivity of the

traded sector.

Productivity growth

rate of R&D activities. 0.01

Table A.5 Labour Market

w;

wh

Exogenous parameters

Parameter of the
equation determining -0.36
the real wage level.

Sensitivity of real
wages to the level of 1
labour productivity.

Sensitivity of real
wages to the level of 0.75
employment.

Partial adjustment
parameter for the
determination of
nominal wages.

0.1

Number of working
hours per worker per 1680
year.

Selected to allow for a 1%
growth rate of labour
productivity.

Selected to allow for a 0%
productivity growth rate of
resources.

Selected to remain in line
with the steady-state growth
rate of the model.

Selected to obtain an
inflation rate around 2% in
the steady state.

Selected to obtain a stable
steady state where the
model grows at 1%.

Selected from a reasonable
range of values.

Selected from a reasonable
range of values. A value
within the 0.05-0.2 interval
allows for a more stable
model.

Approximately the OECD
average (OECD, 2023c).



The upper limit of the

employment rate, Generally, unemployment
EvP after which new 0.96 rates around 4% are
workers start to join considered frictional.

the workforce.



Appendix B Matrices

This Appendix reports the balance sheet and transaction flow matrices for
the PADME model. Their meaning and interpretation are described in
Section 2, Subsection 2.3. We portray both matrices split by regions, with
the matrix for each region occupying one page. Furthermore, we represent
in bold the variables that are added to simulate the technology transfer
introduced in Section 8. It is important to bear in mind that the variables in
bold are equal to zero apart for when the technology transfer is simulated.

B.1 Transaction flow matrix

In the pages below, we report the transaction-flow matrix. The positive and
negative signs represent the source and use of funds respectively. For
instance, consumption is a use of funds for the household sector and a
source of funds for the firm sectors.

The matrix of each region is split into two sections. Each of these sections is
in a separate page for the sake of readability. The first part concerns the
movements of income and expenditure flows, while the second part (the one
starting with the title ‘changes in stock’) illustrate the changes in financial
positions. The connection between the two parts is straightforward. All the
income that is not spent by a sector (first part) must result in a change in
that sector’s financial position in the form of an increase in its assets
(second part). Conversely, a sector that spends more than it earns must
borrow, thus its surplus decreases (or its deficit increases) vis a vis the rest
of the economy. This change in assets is represented with the symbol A.
Lastly, for the model to be stock-flow consistent, all rows and columns must
sum to zero.



Consumption (C)
Government Consumption (G)
Intermediate consumption (IC)

Resource consumption (R)
Imports North (My)/Exports South (Xs)
Exports North (Xn)/Imports South (Ms)

Investment (INV)

CJ Capital (CJK)

Wages (W)

Research and development (R&D)
Unemployment insurance (¥)
Retained profits (Fu)
Distributed profits (F)

Bank profits (Fy)

Taxes (T)

Interests on deposits (ip)
Interests on North bonds (isn)
Interests on South bonds (iss)
Interests on loans (i)
Interest on CJ bonds (icss)
Interests on CJ loans (ici)

Central Bank profits (Fc)

Households (h)

-C

-MNh-xr

+W

+R&D

+y

+F

+Fp

+ip

+ignh

Non-traded sector (d) = Resource sector (r) = Traded sector (t) Government (g) Banks (b)

+Cq
+Gd
-IC

-Mna-xr

-R&Dy

-Fud

-Fq

-iLd

North

+Ct
+Gt
+IC
+R -R
-Mnt-xr
+Xn
-INV4 -INV, +INV
+CJK
‘Wt
-R&Dt¢

+Fud ‘Fur +Fur -Fut

-Fr F

T, Te

-l

-G
-MNg'Xr
-INV¢
-R&Dg
-y
+Fut
=
+T
-ip
-ign +ignb
+ipsbXr
+iL
+Fcb

CB (cb)

+iBNch

+icss

-Feb

Exchange rate

Xr

Xr

Xr

Xr



Households (h)

Changes in deposits

(D) -AD

Changes in reserves
(HH)

Changes in North
bonds (Bw)

Changes in South
bonds (Bs)

Changes in CJ bonds
(cJB)

Changesin CJ loans
(cJL)

Changes in own

funds (OF) -A0F

Changes in loans (L)

> 0

Non-traded sector
(d)

+ALg

Changes in Northern stocks

Resource sector (r) Traded sector (t)

+AL¢

Government (g)

+ABn

Banks (b)

+AD

-AHH

-ABnb

-ABspxr

CB (cb)

+AHH

-ABneb

-ACJB

Exchange rate

(xr)

Xr

Xr



South

Exchange '\ iseholds (h) Non-traded sector (d) Resource Tradedsector(ty  covernment - Banks gy
rate sector (r) (g) (b)
Consumption (C) -C +Cq +Ct
Government Consumption (G) +Gd +Gt -G
Intermediate consumption (IC) -IC +IC
Resource consumption (R) +R -R
Imports North (My)/Exports South “r X
(Xs)
Exports North (Xn)/Imports South “r Mepxr Mg Msexr Megxr
(Ms)
Investment (INV) -INVqy -INV: +INV -INV:
CJ Capital (CJK) -CJK
Wages (W) +W -Wa -W;
Research and development (R&D) +R&D -R&Dq -R&D: -R&Dy
Unemployment insurance (V) +y -y
Retained profits (Fu) -Fud +Fud -Fur +Fur -Fut +Fut
Distributed profits (F) +F -Fq -Fr -Ft
Bank profits (Fb) +Fp -Fb
Taxes (T) -Th -Tq -Tr Tt +T
Interests on deposits (ip) +ip -ip
Interests on North bonds (isn) Xr +iBNp' XTI
Interests on South bonds (iss) Xr +igsh -iss +issb +iBsch
Interests on loans (i) -iLd -t +iL
Interest on CJ bonds (ic.s) -icse
Interests on CJ loans (icuL) -icuL +icu

Central Bank profits (Fcb) +Feb -Feo

M

o o o o

O O O O O O O O o o o o o o o o



Exchange rate

Changes in deposit

(D)

Changes in reserve
(HH)

Changesin North

bonds (Bx) X

Changes in South

bonds (Bs) X

Changesin CJ
bonds (CJB)

Changesin CJ
loans (CJL)

Changes in own
funds (OF)

Changes in loans (L)

Households Non-traded sector

(h) (d)
-AD
-AOF
+ALqg

Changes in Southern stocks

Resource Traded sector
sector (r) (¥)
+ACJL
+AL¢
0 0

Government (g)

+ABs

Banks (b)

+AD

-AHH

-ABnbxr

-ABsb

+AOF

CB (cb)

+AHH

-ABsch

+ACJB

-ACJL



B.2 Balance sheet matrix

Here, we show the balance sheet matrix for each region. The positive sign in a variable means

that the variable is an asset, while the negative sign represents a liability. Each financial asset

held by a sector is a corresponding liability for another sector. Hence, as long as only financial

assets are concerned, all rows and columns of the matrix should sum to zero. However, real

assets like capital do not have a corresponding liability, therefore a model in which the

economy produces capital has a positive net worth equal to the value of the capital stock.

Reserves (HH)
Deposits (D)

Bonds North
(Bn)

Bonds South
(Bs)

Loans (L)

CJ Bonds
(CJB)

CJ Loans
(CJL)

Own Funds
(OF)

Capital (K)
Balance

)3

Reserves (HH)
Deposits (D)
Bonds North (Bn)
Bonds South (Bs)
Loans (L)

CJ Bonds (CJB)
CJ Loans (CJL)
Own Funds (OF)
Capital (K)

Balance

Exchange = Household Traded
rate (xr) (h) ()
+D
Xr
Xr
'l—t
-CJL
+OF
+Ki + Key
-Vh -Vt
0 0
Household = Traded @ Non-traded
(h) (t) (d)
+D
-Lt -Lg
+OF
+Kt +Kg
-Vh -Vi -V4

South
Non-traded = Resource = Government
(d) ( (8)
-Bs
Ly
+Kd +Kr
Vg Ve Vg
0 0 0
North
Resource Government Banking
(r) (8) (b)
+HH
-D
- B +Bnb
+ Bsb
+L
-OF
+Kr
Vr Ve 0
0 0 0

Banking

(b)
+HH

-D

+Bnb

+Bsb

+L

-OF

Central
Bank (cb)

-HH

+ Bscb

-CJB

+CJL

Central Bank
(cb)

-HH

+Bneb

+CJB

Kn + Ks

-Kn - Ks

Exchange
rate (xr)

Xr
Xr





